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PREFACE  TO  SIXTEENTH  EDITION 


TSE  dmngw  in  the  fifteenth  edltioii«  published  m  1908,  oonaisted  prindpoOy 
:  dbe  rewxitiBg  of  the  two  chapters  on  Firepnwfing  of  BuUdings  and  Reinforced 


la  1912  the  undersisaed  was  asked  to  undertake  the  revision  of  the  entire  book 
•^  the  €x»peratk»  of  a  corps  of  Associate  Editors^  each  highly  qualified  to 
r.uder  the  neceasaiy  assistance  in  matters  pertaining  to  his  own  work.  On 
i^zcgnt  of  the  compcebensive  nature  of  the  contents  of  the  Pocket-Book,  the 
-^x=j  recent  changes  and  rapid  developments  in  different  fields  of  architectural 
.-.^nictkin,  and  the  consequent  effect  of  such  changes  on  the  interrelated 
x.j}£cts  treated,  the  Editor-in-Chief  dedded  to  rewrite  and  reset  the  entire 
xt^.  After  more  than  three  years  of  arduous  labor,  in  which  the  Associate  Edi- 
'T^  and  many  other  contributors  have  most  ably  and  generously  assisted,  the 
N>rv  Kidder  is  about  to  be  published. 

It  was  decided  to  retain  Mr.  Kidder's  original  arrangement  of  the  subject- 
'±tter  which  is  cfivided  into  three  Parts,  Part  I  dealing  with  practical  applica- 
N  OS  of  Arithmetic,  Geometry  and  Trigonometry,  Part  II  with  the  Materials 
J^  Coestniction  and  the  Strength  and  Stability  of  Structures,  and  Part  m  with 
sisodfaneous  useful  information  for  architects  and  builders.  Each  of  the 
■^eaxj-tdat  chapters  of  Part  II,  however,  has  the  name  of  the  Associate  Editor 
v!»  revised  or  rewrote  it  printed  with  the  chapter-caption.  Part  I  has  been 
orefuSly  checked  and  much  of  the  matter  rearranged.  The  twenty-eight 
cLiptea  of  Fart  II  have  been  rewritten  and  one  new  chapter  has  been  added  on 
Kriofanxd-CoDcxete  Mill  and  Factory-Construction.  Part  in  has  been  largely 
:<«ritten  and  all  subjects  retained  have  been  thoroughly  revised.  To  this  part, 
^^  nndi  new  matter  has  been  added,  such  as  extended  tables  of  Specific  Gravi- 
!:irs  and  Wei^ta  of  Substances,  Architectural  Acoustics,  Waterproofing  for 
r^aidatinna^  the  Quantity  System  of  Estimating,  the  Standard  Documents  of 
vx  Ameiican  Institute  of  Architects,  Educational  Sodeties  of  the  World  and 
extended  lists  of  Architectural  Schools,  Books  and  Periodicals. 

The  Editor-in-Chief  has,  with  very  few  exceptions,  personally  checked  on 
nrery  fmgt  of  manuscript,  galley-proof  and  page-proof  the  equations,  formulas, 
cccBputataoos  and  problems,  and  has  read  or  examined  carefully  every  word, 
BEore  and  iUustzation,  every  detail  of  syntax,  paragraphing,  punctuation  and 
typQgr^lhy,  and  every  arrangement  of  tables,  captions,  classifications,  notation, 
Tible  ol  Contents  and  Index. 

He  is  responsible  for  many  changes  in  the  form  of  presentation  of  data  which 
it  is  hoped  will  add  to  the  Pocket-Book  still  more  of  Uiat  efficiency  and  practical 
bdpfi^iesa  for  which  it  has  been  so  k>ng  noted.  Some  of  these  changes  may  be 
bnefly  mentioned.  The  text  has  been  entirely  reset;  the  type,  while  slightly 
aoiafler,  b  dearer  and  has  the  lines  and  paragraphs  separated  by  wide  leads; 
I  ^edal  type  is  used  for  the  tables;  the  paragraphing  is  revised  throughout  and 
evexy  paza^aph  has  a  black-face  type  caption  descriptive  oi  the  subject-matter; 
voids  in  italics  or  with  quotation-marks  are  sddom  used,  words  in  small  caps 
ukiag  their  place;  every  chapter  is  divided  into  numbered  chapter-subdivisions 
vtkh  are  briefly  descriptive  of  the  daasified  matter;   the  number  of  croM- 
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references  is  largely  increased  and  thepage-numbers  of  such  references  are  almost 
always  added;  many  tables  and  diagrams  which  in  the  former  editions  read 
lengthwise  of  the  page  have  been  reset  or  rcengraved  to  read  across  the  page  for 
greater  convenience;  the  number  of  illustrations  has  been  largely  increased,  many 
old  cuts  reused  have  been  rcengraved,  and  some  diagrams  printed  with  lines  of 
different  colo»  to  make  the  demonstrations  dearer;  a  descriptive  caption  has 
been  added  to  eveiy  Illustration;  the  abbreviations  Chap.  I,  Chap.  11,  etc.,  have 
been  printed  with  each  page-caption  of  the  left-hand  pages,  thus  avoiding  tlie 
momdty  of  fefcning  to  the  Table  of  Contents  to  locate  any  particular  chapter. 

Tho  EdUoisin-Chiof  decided  to  change  some  of  the  unit  stresses^  especially 
those  for  the  different  woods,  and  in  some  cases  to  recommend  more  conservative 
vihifs»  and  he  belaevei  that  roaulta  baaed  upon  such  stresses  conform  to  the  best 
eogiiieiBrtiiff  practice.  This  change  necessitated  the  revision  of  many  tables  and 
prablenu  throughout  the  bode  which  had  to  be  entirely  recalculated.  Numer- 
oua  practical  problems  with  complete  solutiona  have  been  added.  The  deriva* 
tloa  of  many  of  the  formulas  ttsed  has  been  explained,  either  in  the  body  of  the 
text  or  in  extended  foot>notes,  for  those  who  wish  to  understand  as  weU  as  to  use 
audi  ionnulaa,  and  numerous  cross-references  accompanying  them  enable  the 
reader  to  use  the  Pocket-Book  as  a  textbook  for  certain  parts  of  the  mechanics 
of  materiah  as  well  as  a  handbook  for  office  work.  The  tables  of  the  properties 
of  structural  shapes,  of  safe  loads  for  columnar  beams  and  girders^  etc,  have  been 
revised  and  numeroua  new  tables  added.  The  Editor  has  found  that  it  is  the  con< 
aenaus  of  opinion  among  architecta  that  the  insertion  of  these  tables  is  a  great 
CQBVflDieiice  and  for  their  ordinary  office  work  condenses  into  one  handy  vol> 
une  much  of  the  essential  data  of  several  manufacturers'  handbooks. 

The  difficulty  of  securing  a  unity  of  treatment  and  of  avoiding  repetitiona  and 
contfadictiQns  in  a  book  of  refoence  the  data  of  which  covers  so  many  subjects 
and  la  written  by  so  many  contributors  haa  been  fully  realized;  but  it  is  believed 
that  in  these  respects  the  New  Kidder  is  reasonably  successful  and  will  meet 
with  the  approval  of  all  who  use  it. 

Acknowledgments  and  thanks  are  due  the  Associate  Editors  for  their  hearty 
cooperation  and  generous  contributions  of  the  time  and  labor  taken  from  their 
pK^eaaloBal  work.  Acknowledgment  is  made,  abo,  of  the  valuable  aasistance 
ai  all  others  who  have  funiished  new  or  revised  okl  data,  and  of  many  helpful 
snggeaekma  from  Mrs.  F.  £.  Kidder  and  from  the  publiahcra. 

The  Editor.iB-Chief  expresses  the  hope  that  for  the  architects  and  boiklers 
of  this  country  the  new  Podcet«Book  will  continue  to  be,  aa  Mr.  Kidder  miMtssed 
it  in  hb  preface  to  the  first  edition  in  1884,  "a  compendium  of  practical  facts, 
nilm  and  tables  presented  in  a  form  as  convenient  for  applicatioii  as  poaaiUe; 
and  as  reliable  as  our  present  knowledge  will  pennit ; "  and  also,  in  its  premnt 
extcnsieo  and  fuller  dcrekHpment,  a  work  which  will  lead  to  a  still  clearer  under* 
Btanrting  of  the  eatrnttel  prindples  of  sound  architectural  construction. 

THOMAS  NOLAN. 
PtoUMUCOA,  September,  19x5* 
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PREFACE   TO  FOURTEENTH  EDITION 

Ii  b  nowr  nearly  twenty  years  since  the  author,  then  quite  a  young  man, 
o.rapbted  the  first  edition  of  this  work,  which,  although  containing  but  586 
~«^e&,  had  required  about  three  years  for  its  preparation.  At  that  time  the 
^z.±£s  thought  he  had  covered  all  of  those  practical  details  relating  to  the 
r^-amng  and  construction  of  buildings,  with  which  the  architect  was  concerned, 
!■  4enbly  well,  and  it  would  appear  as  though  the  purchasers  of  the  book  thought 
i£>  too,  but  as  the  years  have  come  and  gone,  so  many  and  such  great  improve- 
rcats  have  taken  i^lace  in  the  building  world,  so  many  articles  invented,  new 
-jrthods  of  construction  developed,  higher  standards  established,  that  the  present 
rikioo^  although  containing  nearly  three  times  as  many  pages,  is  perhaps  not 
auTt  cxxnpletc,  for  the  times^  than  was  the  first  edition. 

Wbea  preparing  the  first  edition,  it  was  the  aim  of  the  author  to  give  to 
aiihitects  and  builders  a  handbook  which  should  be,  in  its  field,  as  useful  and 
raiahk  as  Trautwine^s  had  been  to  civil  engineers;  and  with  that  object  con- 
Kaotly  ia  view,  the  book  has  been  revised  from  time  to  time  to  meet  the  changed 
r.tfHfitions  in  building  construction  and  equipment. 

Abool  three  years  ago  it  was  thought,  by  the  publishers  and  the  author,  that 
}  ihoroogh  and  complete  revision  of  the  book  should  be  undertaken,  and  although 
*Jsc  re-wiiting  oC  a  work  of  this  character,  even  with  the  thirteenth  edition  to 
vurk  {ram,  involved  many  months  of  close  and  constant  application,  the  utiliza- 
tksi  of  those  hours  which  one  ordinarily  takes  for  recreation,  and  at  the  best 
r.«e  or  less  interruption  to  his  regular  business,  and  consequent  reduction  in 
Licume,  the  writer  undertook  to  prepare  a  work  of  a  still  wider  scope,  and  which 
*boaid  be  thoroughly  up-to-date  in  every  particular,  or  at  least  as  far  as  is 
practicable,  in  a  work  requiring  a  period  of  three  years  in  its  preparation,  and 
iran  that  time  to  this  he  has  spared  no  labor  or  expense  to  make  the  book  as 
Gsefoi  and  comi^te  as  he  possibly  could,  without  making  it  too  bulky. 
In  tfab  revision  the  author  has  had  in  view: 

zsL  A  reference-book  which  should  contain  some  information  on  every  subject 
fexcept  design)  likely  to  come  before  an  architect,  structural  engineer,  draughts- 
can,  or  master-builder,  including  data  for  estimating  the  approximate  cost. 

2d.  To  as  thoroughly  cover  the  subject  of  architectural  engineering  as  is 
prarricaMir  in  a  handbook. 

3d.  To  present  all  mformation  in  as  simple  and  convenient  a  form  for  immedi- 
ate application  as  is  consistent  with  accuracy.  To  this  end  a  great  many  new 
tabieSk  airanged  and  computed  by  the  author,  have  been  inserted. 

At  the  time  the  first  edition  was  written,  the  term  "Architectural  Engineering" 
had  not  been  used  in  its  present  api^cation,  and  the  term  "  Structural  Engineer- 
iag.'"  when  used,  referred  almost  exclusively  to  bridge  work. 

To-day.  structural  and  architectural  engineers  are  concerned  almc^t  exclusively 
viih  building  construction,  and  their  work  is  more  closely  allied  to  that  of  the 
ardiitect  than  to  that  of  the  dvil  engineer;  hence  the  author  has  had  in  mind 
the  needs  of  the  structural  engineer  and  draughtsman  as  well  as  those  of  the 
architect  and  builder,  and  the  book  should  be  of  nearly  equal  value  to  both. 
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X  Preface  to  Fourteenth  Edition 

Where  it  was  impossible,  for  lack  of  space,  to  go  extensively  into  any  subject, 
references  to  other  books  or  sources  of  information  have  been  given,  so  that  in 
this  way  the  book  may  serve  as  a  general  index  to  the  many  lines  of  work, 
materials,  and  manufactiired  products  entering  into  the  planning,  constructien, 
and  equipment  of  buildings. 

.To  attain  the  objects  in  view,  it  has  been  necessary  to  add  considerably  to  the 
number  of  pages,  but  as  experience  has  shown  that  the  book  is  used  principally 
at  the  desk  or  draughting-table,  and  is  seldom  carried  in  the  pocket,  it  is  believed 
that  the  convenience  of  having  everything  in  one  book  will  more  than  offset  any 
disadvantage  resulting  from  increase  in  bulk. 

Nearly  the  entire  book  has  been  re-written,  and  great  pains  have  been  taken 
to  furnish  reliable  data.  A  large  number  of  experts  in  various  lines  have  assisted 
the  author,  as  is  manifest  by  the  foot-notes  and  references.  To  all  of  such,  and 
to  the  many  authors  of  technical  works,  and  to  the  publishers  of  technical 
journals,  who  have  kindly  consented  to  the  use  of  cuts  and  data,  the  author 
takes  pleasure  in  acknowledging  his  indebtedness.  Also  to  Mr.  £.  S.  Hand,  of 
New  York,  who,  for  many  years,  has  rendered  material  assistance  in  collecting 
data  along  the  line  of  manufactured  products. 

The  names  and  addresses  of  manufacturers  have  been  given  solely  for  the 
convenience  of  the  users  of  the  book,  and  not  for  any  pecuniary  considerations; 
in  fact,  if  money  considerations  had  solely  appealed  to  the  writer,  this  book  would 
never  have  been  re-written,  because  a  technical  work  of  this  character  can  never 
adequately  compensate,  in  money,  for  the  time,  labor,  and  thought  required  in 
its  preparation.  The  many  words  of  appreciation  which  have  come  to  the  author 
from  hundreds  of  those  who  have  found  the  book  useful  have  been  a  great 
stimulus  to  further  increase  its  usefulness. 

As  in  the  former  prefaces,  the  author  requests  that  any  one  discovering  errors 
in  the  work  or  who  may  have  any  suggestions  looking  to  the  further  improve- 
ment of  the  book,  will  communicate  the  same  to  him,  that  the  book  may  be  made 
as  complete  and  reliable  as  possible. 

Finally,  the  author  desires  to  acknowledge  his  indebtedness  to  the  publishers, 
who  have  heartily  seconded  his  efforts  in  every  particular,  and  who  have  spared 
no  pains  or  expense  to  make  a  perfect  handbook. 

F.  E.  KIDDER. 

Denver,  Colo.,  July  i8th,  1904. 
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Involution  and  Evolution  3 

i.  PKACnCAL  AUTHMETIC 

Mathematical  Signs  and  Characters* 

The  loQoviss  sisna  and  diancters  are  generally  used  to  denote  and  abbrevi- 
i-i  the  several  mathematical  operations: 
Toe  sign  «  iDeai»  equal  to,  or  equality; 

—  means  minus  or  less,  or  subtraction; 

-r  means  plus,  or  addition; 

X  means  multiplied  by,  or  multiplication; 

•  or  /  means  divided  by,  or  division; 
are  indexes  or  powers,  meaning  that  the  number  to  which  they 

are  added  is  to  be  squared  {*)  or  cubed  (*); 
:isto  ^ 
: :  so  is  >  are  signs  of  proportion; 

:  to       ) 
V'  is  the  RADICAL  SIGN  and  means  that  the  square  root  of  the  num- 
ber before  which  it  is  placed  is  to  be  extracted; 
V^  means  that  the  cube  root  of  the  number  before  which  it  is 
placed  is  to  be  extracted; 

the  BAR  indicates  that  all  the  numbers  under  it  are  to  be  taken 

together; 
(  )  the  PARENTHESIS  means  that  all  the  ntmibers  between  are  to  be 
taken  as  one  quantity; 
.  means  decimal  parts;  thus,  2.5  means  2M0,  0.46  means  ^Moo. 

•  means  degrees, '  minutes  and  "  seconds; 
.'.  means  hence; 

'  means  feet; 
"  means  inches. 

Involtttion 

To  Square  a  Number,  multiply  the  number  by  itself,  and  the  product  will 
*c  the  square;  thus,  the  square  of  18  =  i8»  —  18  X  18  -  324. 

The  Cnhe  of  a  Number  is  the  product  obtained  by  multipljang  the  number 
ii »-  Itself,  and  that  product  by  the  number  again;  thus,  the  cube  of  14  »  14* » 
I*  X  14  X  14  -  2  744- 

The  Fourth  Power  of  a  Number  is  the  product  obtained  by  multiplying 
'i>?  somber  by  itsdf  four  times;  thus,  the  fourth  power  of  10  «•  10^ »  10  X  10  X 

!3X  10  «-  lOOOOw 

Evolution 

Square  Root.     Rule  for  extracting  the  square  root  of  a  niunber: 

( r :  Divide  the  given  number  into  periods  of  two  figures  each,  commencing 
^:  the  ri^t  if  it  is  a  whole  number,  and  at  the  dedmal  point  if  there  are  decimals; 
rhjs,  X0236.8126. 

'  2)  Fmd  the  largest  square  in  the  left-hand  period,  and  place  its  root  in  the 
gcN^tient;  subtract  the  said  square  from  the  left-hand  period,  and  to  the  re- 
^'dndex  bring  down  the  next  period  for  a  new  dividend. 

'  t)  Doable  the  root  already  found,  and  annex  one  cipher  for  a  trial-divisor; 
see  hcvw  many  times  it  will  go  in  the  dividend,  and  put  the  number  in  the  quotient 

*  See,  also,  pages  122  and  123,  Part  IL 
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and  also  in  place  of  the  dpher  in  the  divisor.  Multiply  this  final  divisor  by  th< 
number  in  the  quotient  just  found,  subtract  the  product  from  the  dividend^ 
and  to  the  remainder  bring  down  the  next  period  for  a  new  dividend  and  proceed 
as  before.  If  it  should  be  found  that  the  trial  divisor  cannot  be  contained  in  thi 
dividend,  bring  down  the  next  period  for  a  new  dividend,  annex  another  dphei 
to  the  trial  divisor,  put  a  cipher  in  the  quotient  and  proceed  as  before. 
Example.  10236.8126  (zoi.17,  the  squan  root 


201)0236 
201 


2021)3581 
202  X 


20227)156026 

141589 

14437 

Cube  Root.  To  extract  the  cube  root  of  a  number,  point  off  the  number 
from  right  to  left  into  periods  of  three  figures  each,  and,  if  there  is  a  dedmal, 
commence  at  the  decimal  point  and  point  off  into  periods,  going  both  ways. 

Ascertain  the  highest  root  of  the  first  period,  and  place  it  to  the  right  of  the 
number,  as  in  long  division;  cube  the  root  thus  found  and  subtract  from  the 
first  period;  to  the  remainder  annex  the  next  period;  square  the  root  already 
found,  multiply  by  three  and  annex  two  dphers  for  the  trial  divisor.  Find  how 
many  times  this  trial  divisor  is  contained  in  the  dividend  and  write  the  result 
in  the  root. 

Add  together  the  trial  divisor,  three  times  the  product  of  the  first  figure  of 
the  root  by  the  second  with  one  cipher  annexed,  and  the  square  of  the  second 
figure  in  the  root;  multiply  the  sum  by  the  last  figure  in  the  root,  and  subtract 
from  the  dividend;  to  the  remainder  annex  the  next  period  and  proceed  as  before. 

When  the  trial  divisor  is  greater  than  the  dividend,  write  a  dpher  in  the  root, 
annex  the  next  period  to  the  dividend  and  proceed  as  before. 

Example.    Required,  the  cube  root  of  493039  or  -^493039 

493039(79,  the  cube  root 
7X7X7-343 


7X7X3-14700 

7X9X3-    1890 

9x9- 51 


16671 


150039 


150039 


Example.    Required,  the  cube  root  of  403583.4x9  or  -^^403583-419 

4035834x9(73.9,  the  cube  root 
7  X  7  X  7  -  343 


7x7x3-14700 

7  X  3  X  3  -      630 
3X3-         9 

60583 

15339 

46017 

73X73X3-1598700 

73X    9X3-      19710 

9X9-           81 

14566419 

x6x849x 

145664x9 

y  Google 


£vblutbii 
Required,  the  cube  root  of  158253.632929  or  -^158252.632929 

158252.632929(54.09,  the  cube  root 
5  X  5  X  5  =-  125 


SXSX3  =»  7500 

5X4X3—     600 

4X4-        16 

33252 

8116 

32464 

540X540X3-  874S0000 

S40X       9X3-        145S00 

9X9-                  81 

788632929 

876258S1    j 

788632929 
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TABLES 

OF 

SQUARES,    CUBES,   SQUARE   ROOTS,  CUBE 
ROOTS   AND  RECIPROCALS 

From  I  to  1054 


Tbe  following  table,  taken  from  Seaile's  Field  Engineering,  will  be 
{oaod  of  great  convenience  in  finding  the  square,  cube,  square  root,  cube 
root  and  recq>rocal  of  any  number  from  i  to  1054.  The  reciprocal  of 
1  number  is  the  quotient  obtained  by  dividing  i  by  the  number.  Thus, 
the  reciprocal  of  8  is  x  4-  8  »  0.125. 
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No. 

Squares 

Cubes 

Square 
roots 

Cube  roots 

Reciprocals 

1 

1 

1 

1.0000000 

1.0000000 

1.000000000 

2 

4 

8 

1.4142136 

1.2699210 

.600000000 

3 

9 

27 

1.7320608 

1.4422496 

.333333333 

4 

16 

64 

2.0000000 

1.6874011 

.260000000 

6 

25 

125 

2.2360680 

1.7099769 

.200000000 

6 

36 

216 

2.4494897 

1.8171206 

.166666667 

7 

49 

343 

2.6457513 

1.9129312 

.142867143 

8 

64 

512 

2.8284271 

2.0000000 

.126000000 

9 

81 

729 

3.0000000 

2.0800837 

.111111111 

10 

100 

1000 

3.1622777 

2.1644347 

.100000000 

11 

^21 

1331 

3.3166248 

2.2239801 

.090909091 

12 

144 

1728 

3.4641016 

2.2894286 

.083333333 

13 

169 

2197 

3.6056613 

2.3613347 

.076923077 

14 

196 

2744 

3.7416674 

2.4101422 

.071428671 

15 

225 

3376 

3.8729833 

2.4662121 

16 

256 

4096 

4.0000000 

2.6198421 

.062600000 

17 

289 

4913 

4.1231056 

2.6712816 

.068823529 

18 

324 

5832 

4.2426407 

2.6207414 

.056566556 

19 

361 

6859 

4.3688989 

2.6684016 

.062631679 

20 

400 

8000 

4.4721380 

2.7144177 

.060000000 

21 

441 

9261 

4.6826767 

2.7589243 

.047619048 

23 

484 

10648 

4.6904168 

2.8020303 

.045464646 

23 

529 

12167 

4.7958316 

2.8438670 

.043478261 

24 

676 

13824 

4.8989796 

2.8844991 

.041666667 

25 

625 

15625 

6.0000000 

2.9240177 

.040000000 

26 

676 

17676 

6.0990195 

2.9624960 

.038461538 

27 

729 

19683 

6.1961624 

3.0000000 

.037037037 

28 

784 

21952 

6.2916026 

3.0366889 

.035714286 

29 

841 

24389 

6.3861648 

3.0723168 

.034482769 

30 

900 

27000 

6.4772266 

3.1072325 

.033333333 

31 

961 

29791 

6.6677644 

3.1413806 

.032268066 

32 

1024 

32768 

6.6568642 

3.1748021 

.031260000 

33 

1089 

35937 

6.7446626 

8.2076343 

.090303030 

34 

1156 

39304 

6.8309519 

3.2396118 

.029411766 

35 

1225 

42876 

6.9160798 

3.2710663 

.028571429 

36 

1296 

46666 

6.0000000 

3.3019272 

.027777n8 

37 

1369 

60653 

6.0827625 

3.3322218 

.027027027 

38 

1444 

64872 

6.1644140 

3.3619764 

.026815780 

39 

1521 

69319 

6.2449080 

3.3912114 

.026641026 

40 

1600 

64000 

6.3245553 

3.4199519 

.026000000 

41 

1681 

68921 

6.4031242 

3.4482172 

.024390244 

42 

1764 

74088 

6.4807407 

3.4760266 

.023809524 

43 

1849 

79507 

6.6574385 

3.6033981 

.023266814 

44 

1936 

85184 

6.6332496 

3.6303483 

.022727273 

45 

2025 

91125 

6.7082039 

3.6568933 

.022222222 

46 

2116 

97336 

6.7823300 

3.6830479 

.021739130 

47 

2209 

103823 

6.8556546 

3.6088261 

.021276600 

18 

2304 

110592 

6.9282032 

3.6342411 

.020833333 

49 

2401 

117649 

7.0000000 

3.6693067 

.020408163 

60 

2500 

126000 

7.0710678 

3.6840314 

.020000000 

51 

2601 

132661 

7.1414284 

3.7084298 

.019607843 

52 

2704 

140608 

7.2111026 

3.7325111 

.019230769 

53 

2809 

148877 

7.2801099 

3.7662868 

.018867926 

64 

2916 

167464 

7.3484692 

3.7797631 

.018618619 

55 

3026 

166376 

7.4161985 

3.8029526 

.018181818 

56 

3136 

175616 

7.4833148 

3.8258624 

.017867143 

57 

3249 

186193 

7.6498344 

3.8486011 

.017643860 

58 

3364 

195112 

7.6167731 

3.8708766 

.017241379 

59 

3481 

206379 

7.6811467 

3.8929966 

.016949163 

60 

3600 

216000 

7.7459667 

3.9148676 

.016666667 

61 

3721 

226981 

7.8102497 

3.9364972 

.016393443 

62 

3844 

238328 

7.8740079 

3.9678916 

.016129032 

yGoogk 


*^^^  Cubes,  Square  Root3,    Out>e  Koots  and  Reciprocals 


S^l'iw** 


4900 
5041 
J1S4 

3476 
5625 
f?76 


CnbM 


roots 


Cube  roots 


M300O 
357011 
373243 
389017 
405224: 
421875 
438976 
456533 
474552 
493039 


7290CM> 
7535T1. 
778683 
804357 
830584 

S573T5 

8S473e 

912^73 

9702»9 

10QQCXX> 

1030301 

106120S 

1092727 

1124SfV4 

1157e25 

119101.6 

1223043 

1259712 

1295029 


1331000 

13B7031 

1404928 

14A2897 

14B1&44 

1520875 

lG60B9e 

1601CI13 

ie43032 

Xf»5159 

X728000 

^7715CH 

^&15848 

1860667 

X90G624 


7  .  0372539 
8.0000000 
S.0022577 
8.  1240384 
8.  1853528 
8.2-l«2113 
8.3066239 

8.3e6a003 
8.4261498 
8.4852814 
8  .  5440037 
8  .  60123253 
8  .  6eO2540 
8-7X77979 
8 . 7749644 
8.8317609 
8.88Sli>44 

8.^442719 

9.0000000 

9.0S5385i 

9.1X04336 

9.Xe51514 

9.2195445 

O  .  2736185 

9  .  3273791 

9.3808315 

0.4339S11 

9.4868330 

9  .  5393920 

9.5916630 

9.CV436508 

9.6953597 

9.7467943 

9-7979590 

9.8488578 

9.8994949 

9.9498744 

ao.ooooooo 

10.0498756 

lO  .0995040 

lO  .  1488916 

lO .  19S0390 

lO .  2469508 

10.2956301 

10.3440804 

10.3923048 

10.4403065 

10.4880885  , 

lO.  5356538 

10.5830052 

10.6301458  ! 

10.6770783 

10.7238053 

10.7703296 

10.8166538 

10.8627805 

10.9087121 

10.9544512 
11.0000000 
11.0453610 
11.0905365 
11.1355287 


3.9790571 
4.0000000 
4.0207256 
4.0412401 
4.0615480 
4.0816551 
4.1015661 

4.1212853 
4.1408178 
4.1601676 
4-1793390 
4.1983364 
4.2171633 
4.2358236 
4.2543210 
4.2726586 
4.2908404 

4.3088695 
4.3267487 
4.3444815 
4.3620707 
4.3795191 
4.3968296 
4.4140049 
4.4310476 
4.4479602 
4.4647451 

4.4814047 


4979414 
,5143574 
5306549 
.5468359 
.5629026 
.5788570 
6947009 
4.6104363 
4.6260650 

4.6415888 
4.6570095 
4.6723287 
4.6875482 
4.7026694 
4.7176940 
4.7326235 
4.7474594 
4.7622032 
4.7768562 

4.7914199 
4.8058955 
4.8202845 
4.8345881 
4.8488076 
4.8629442 
4.8769990 
4.8909732 
4.9048681 
4.9186847 

4.9324242 
4.9460874 
4.9596757 
4.9731898 
4.9866310 


Beoiprooalfl 


.015873016 
.015625000 
.015384615 
.015151515 
.014925373 
.014705882 
.014492754 

.014285714 
.014064507 
.013888889 
.013698630 
-.013513614 
.013333333 
.013157896 
.012987013 
.012820513 
.012658228 

.012500000 
.012345679 
.012195122 
.012048193 
.011904762 
.011764706 
.011627907 
.011494253 
.011363636 
.011236955 

.011111111 
.010989011 
.010869565 
.010752688 
.010638298 
.010526316 
.010416667 
.010309278 
.010204082 
.010101010 

.010000000 
.009900990 
.009803922 
.009708738 
.009615385 
.009523810 
.009433962 
.009345794 
.009259259 
.009174312 

.009090909 
.009009009 
.008928571 
.008849558 
.008771930 
.008695652 
.008620690 
.008547009 
.008474576 
.008403361 

.008333333 
.008264463 
.008196721 
.008130081 
.00806451« 


yGoogk 
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Practical  Arithmetic 


Part    1 


No. 

Squares 

Cubes 

Square 
roots 

Cube  roots 

Redprocali 

125 

15626 

1953125 

11.1803399 

6.0000000 

.008000000 

126 

15876 

2000376 

11.2249722 

5.0132979 

.007936508 

127 

16129 

2048383 

11.2694277 

6.0265267 

.007874016 

128 

16384 

2097152 

11.3137085 

5.0396842 

.007812600 

129 

16641 

2146689 

11.8678167 

6.0527743 

.007761938 

130 

16900 

2197000 

11.4017643 

6.0657970 

.007692308 

131 

17161 

2248091 

11.4455231 

5.0787531 

.007633688 

132 

17424 

2299968 

11.4891253 

6.0916434 

.007575758 

133 

17689 

2352637 

11.5325626 

6.1044687 

.007518797 

134 

17956 

2406104 

11.5758369 

5.1172299 

.007462687 

135 

18225 

2460375 

11.6189500 

6.1299278 

.007407407 

136 

18496 

2515456 

11.6619038 

5.1425632 

.007352941 

137 

18769 

2571353 

11.7046999 

5.1551367 

.007299270 

138 

19044 

2628072 

11.7473401 

6.1676493 

.007246377 

139 

19321 

2685619 

11.7898261 

6.1801015 

.007194245 

140 

19600 

2744000 

11.8321596 

5.1924941 

.007142857 

141 

19881 

2803221 

11.8743421 

5.2048279 

.007092199 

142 

20164 

2863288 

11.9163753 

5.2171034 

.007042254 

143 

20449 

2924207 

11.9582607 

6.2293215 

.006993007 

144 

20736 

2985984 

12.0000000 

5.2414828 

.006944444 

145 

21025 

3048625 

12.0415946 

6.2536879 

.006896552 

146 

21316 

3112136 

12.0830460 

6.2666374 

.006849315 

147 

21609 

3176523 

12.1243557 

6.2776321 

.006802721 

148 

21904 

3241792 

12.1655251 

6.2895725 

.006766767 

149 

22201 

3307949 

12.2065556 

5.3014592 

.006711409 

150 

22500 

3375000 

12.2474487 

6.3132928 

.006666667 

151 

2?S01 

3442951 

12.2882057 

6.3250740 

.006622517 

152 

23104 

3511808 

12.3288280 

6.3368033 

.006578947 

153 

23409 

3581577 

12.3693169 

5.3484812 

.006535948 

1.54 

23716 

3652264 

12.4096736 

5.3601084 

.006493506 

155 

24025 

3723875 

12.4498996 

5.3716854 

.006451613 

ir>6 

21336 

3796-116 

12.4899960 

5.3832126 

.006410256 

157 

24649 

3869S93 

12.5299641 

5.3946907 

.006369427 

158 

24964 

3944312 

12.5698051 

5.4061202 

.006329114 

159 

25281 

4019679 

12.6095202 

5.4175015 

.006289308 

160 

25600 

4096000 

12.6491106 

6.4288352 

.006260000 

161 

25921 

4173281 

12.6885776 

6.4401218 

.006211180 

162 

262  i4 

4251528 

12.7279221 

6.4513618 

.006172840 

163 

26569 

4330747 

12.7671453 

6.4625556 

.006134969 

164 

26896 

4410944 

12.8062485 

6.4737037 

.006097561 

165 

27225 

4492125 

12.8452326 

6.4848066 

.006060606 

166 

27556 

4574296 

12.8840987 

5.4958647 

.006024096 

167 

27889 

4657463 

12.9228480 

5.5068784 

.005988024 

168 

38224 

4741632 

12.9614814 

5.5178484 

.005952381 

169 

28561 

4826809 

13.0000000 

6.6287748 

.005917160 

170 

28900 

4913000 

13.0384048 

5.5396583 

.005882353 

171 

29241 

5000211 

13.0766968 

5.5504991 

.005847953 

172 

29584 

5088448 

13.1148770 

6.5612978 

.005813953 

173 

29929 

6177717 

13.1529464 

6.5720546 

.005780347 

174 

30276 

6268024 

13.1909060 

5.5827702 

.005747126 

175 

30625 

6359375 

13.2287566 

6.5934447 

.005714286 

176 

30976 

5451776 

13.2664992 

6.6040787 

.005681818 

177 

31329 

5545233 

13.3041347 

5.6146724 

.005649718 

178 

31684 

5639752 

13.3416641 

5.6252263 

.005617978 

179 

32041 

5735339 

13.3790882 

5.6357408 

.005586592 

180 

32400 

6832000 

13.4164079 

5.6462162 

.005565556 

181 

32701 

6929741 

13.4536240 

5.6566528 

.005524862 

182 

33124 

6028568 

13.4907376 

6.6670511 

.005494505 

183 

33489 

6128487 

13.5277493 

5.6774114 

.005464481 

184 

33856 

6229504 

13.5646600 

6.6877340 

.005434783 

185 

34225 

6331626 

13.6014705 

5.6980192 

.005405405 

186 

34596 

6434856 

13.6381817 

6.7082675 

.005376344 

yGoogk 


Squares,  Cubes,  Square  Roots,  Cube  Roots  and  Reciprocals 


; 

Ko.      S<iaare8  f      Cubes 

S<iiiaro 
roots 

Cube   roots 

Reciprocal 

1S7         34969 

1       6539203 

13.6747943 

6.7184791 

.00534759 

1             /      IVi   1      3o344 

1       6&44672 

13.7113092 

6.7286543 

.Oa'531914' 

'             1     1^ 

35721 

1       6751269 

13.7477271 

6.7'l«7Q36 

.005291(X), 

J              /      ^^ 

36100 

0 

13.            ^88 

5.             '1 

.00526315J 

J              /      191 

36  3  SI 

1 

13.            r750 

5.             »2 

.005235601 

192 

36>64 

8 

13.            t065 

6.             12 

.00520833. 

. 

193 

37249 

7 

13.            1440 

5.            >6 

.00518134' 

1»4 

37i>i6 

4 

13.            «83 

6.             )4 

.00515463J 

i 

1*^5 

38ir25 

5 

13.            5400 

6.            K) 

.00512820, 

1 

19« 

aS416 

5 

14.            WOO 

6.            >7 

.00510204 

'" 

197 

SSn09 

3 

14.            ^88 

5.             9 

.00507614 

11<S 

39ltH 

2 

14- 07 12473 

5.             \7 

.0050.5050. 

It^ 

391^1 

9 

14.1067360 

5.C- ^5 

.  005025 12( 

srpi 

4on»no 

8000000 

14.1421356 

hi            5 

.00.500000( 

21  »1          4»M0l 

8i2oeoi 

14.1774409 

h.i            0 

.00497512 

2i>2        4(1^04 

8242408 

14.2126704 

6.{            3 

.0049.5049. 

2»>3        412(»9 

oi/;::^^^ 

14.2478008 

b.i            7 

.00492610} 

2l>4        41616 

^ 

14.2828.569 

b.i            3 

.00490196 

2V)L> 

421)25 

>5 

14.3178211 

6. J            5 

.004878041 

2«i6 

42436 

L6 

14.3527001 

5.1            6 

.  00485430* 

2r»7 

42^9 

13     1      14.3874946 

6.<            7 

.00483091 J 

21  «S 

43264 

12     1     14.4222051 

5.9249921 

.00480769: 

209 

43681 

20    1     14.4568323 

K    mAi7'>1 

.004784081 

210 

44100 

14.4          67 

.00476190. 

211        44521 

14. S          90 

.004739.3:^( 

212        44944 

14. S          98 

.0047169S 

213        45.'^9 

14.  £          95 

.0046948:'. 

214        45796 
21 0        46225 

14. C           88 

.00467289' 

14. €           83 

.004651161 

/ 

2\6  \     466,56 
217  1     47089 
^VS)    47.524     \ 
^J9  f    47901 

,                                    14. e           86 

J                        14.-:       99 

\                                    14.:           31 
J                                     14.1 86 

U.U^4UUV^ 

.004629G:U 
.00460S29c 
.  004587 1.5( 
. 0046662 U 

X        —      —       #           ^.rfi^  ^^^i/v             1 

1                                    14.83         0 

6.0368107 

.004.5454.5^ 

/  J!^  /    4S400      I 

\                                     14.86         7 

6.0459435 

.0045248«- 

/  ^^/   ( 

r     4S^v-»i 

\                                     14.89         4 

6.0.550489 

.00450450. 

*>»>> 

4913*4 

\                               I      14.93         5 

6.0641270 

.004484:^0. 

223 

497:29 

1                                1     14.9C         5 

6.0731779 

.  004464  2H( 

2'.'4 

5^3 1 7G 

\                               \     15. OC         0 

6.0822020 

.00444441* 

225 

5^)625 

\                                \     15.03         4 

6.0911994 

.004424771 

226 

51076 

\                                \     15. 0€         2 

6.1001702 

.  004405  28( 

»»7 

515:?© 

\                                \     15.00         0 

6.1091147 

.00438,596^ 

2-JSi 

519H4 

15.13 0 

.004366811 

229 

52441 

' 

IS.lfl           » 

6. 

.00434782( 

230 

5«*w^r^ 

J 

IS.lfl           ! 

6. 

.004329004 

231 

5 

; 

15.23           ! 

6. 

.00431034i 

2:^2 

5 

15.26           \ 

6. 

.00429184^ 

2-'Vi 

5 

15. 2S           i 

6. 

.00427350^ 

2:u 

,    235 

'     237 

238 

5 

15.32 

6. 

.00425531! 

5 

15. 3C           1 

6.1797466 

.00423728 

& 

15.39           I 

6.1884628 

.00421940 

& 

15.42          ; 

6.1971544 

.00420168 

S 

16.45   _     S 

6.2058218 

.00418410 

239 

5 

-                                          491 

6.2144650 

.00416666 

240 

241 

^? 
243 

244 

245 

246 

2^1 

6Te<Ju 

;                                          524 

6.2230843 

.004149.37 

584^)81 

J                                          556 

6.2316797 

.00413225 

S80O4 

\                                          688 

6.2402515 

.00411521 

59049 

\                                          620 

6.2487998 

.004()9S3( 

69Z>3e 

\                                          652 

6.2573248 

.  00408 16i 

60025 

'                                           684 

6.2658266 

.  004  or,  50- 

60516 

,71fi 

6.2743054 

.0040488 

61000 
©1604 

.74£_._. 

6.2827613 

.0040322 

248 

J 

Digitized 
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Practical  Arithmetic 


No. 

Squares 

Cubes 

Square 
roota 

Cube  roots 

Re 

249 

62001 

15438249 

16.7797338 

6.2011946 

Toi 

260 

62500 

15625000 

15.8113883 

6.2996063 

.0< 

251 

63001 

15813251 

15.8429795 

6.3079935 

.« 

252 

63504 

16003008 

15.8745079 

6.3163596 

.« 

253 

64009 

16194277 

15.9059737 

6.3247035 

.(H 

254 

64516 

16387064 

15.9373775 

6.3330256 

.0( 

255 

65025 

16581375 

15.9687194 

6.3413257 

.0( 

256 

65536 

16777216 

16.0000000 

6.3496042 

.0( 

257 

66049 

16974593 

16.0312195 

6.3578611 

AH 

258 

66564 

17173512 

16.0623784 

6.3660968 

.Oi 

259 

67081 

17373979 

16.0934769 

6.3743111 

.0< 

260 

67600 

17576000 

16.1245155 

6.3825043 

.0< 

261 

68121 

17779581 

16.1554944 

6.3906765 

.0( 

262 

68644 

17984728 

16.1864141 

6.3968279 

.0( 

263 

69169 

18191447 

16.2172747 

6.4069585 

.(X 

264 

69696 

18399744 

16.2480768 

6.4150687 

.0( 

265 

70225 

18609625 

16.2788206 

6.4231583 

.0( 

266 

70756 

18821096 

16.3095064 

6.4312276 

.Ot 

267 

71289 

19034163 

16.3401346 

6.4392767 

.0( 

268 

71824 

19248832 

16.3707055 

6.4473057 

.0( 

269 

72361 

19465109 

16.4012195 

6.4563148 

.0( 

270 

72900 

19683000 

16.4316767 

6.4633041 

.0( 

271 

73441 

19902511 

16.4620776 

6.4712736 

.0( 

272 

73984 

20123648 

16.4924225 

6.4792236 

.0( 

273 

74529 

20346417 

16.6227116 

6.4871541 

.0( 

274 

75076 

20570824 

16.5529454 

6.4950653 

.0( 

275 

75625 

20796875 

16.6831240 

6.6029572 

.0( 

276 

76176 

21024676 

16.6132477 

6.5108300 

.0( 

277 

76729 

21253933 

16.6433170 

6.6186839 

.0( 

278 

77284 

21484052 

16.6733320 

6.6265189 

.0( 

279 

77841 

21717639 

16.7032931 

6.6343351 

.0( 

280 

78400 

21952000 

16.7332005 

6.6421326 

.0( 

281 

78961 

22188041 

16.7630546 

6.5499116 

M 

282 

79524 

22425768 

16.7928556 

6.5576722 

.0( 

283 

80089 

22665187 

16.8226038 

6.5654144 

.0( 

284 

80656 

22906304 

16.8522995 

6.5731385 

.0( 

285 

81225 

23149126 

16.8819430 

6.6806443 

.0( 

286 

81796 

23393656 

16.9116345 

6.5886323 

.0( 

287 

82360 

23639903 

16.9410743 

6.6962023 

.0( 

288 

82944 

23887872 

16.9705527 

6.6038545 

.0( 

289 

83621 

24137669 

17.0000000 

6.6114890 

.0( 

290 

8410O 

24389000 

17.0293864 

6.6191060 

.0( 

.  291 

84681 

24642171 

17.0587221 

6.6267054 

.0( 

292 

85264 

24897088 

17.0880076 

6.6342874 

.0( 

293 

85849 

25153757 

17.1172428 

6.6418522 

.0( 

294 

86436 

26412184 

17.1464282 

6.6493998 

.0( 

296 

87025 

25672375 

17.1755640 

6.6569302 

.0( 

296 

87616 

25934336 

17.2046505 

6.66444.37 

.0( 

297 

88209 

26198073 

17.2336879 

6.6719403 

.0( 

298 

88804 

26463592 

17.2626765 

6.6794200 

.0( 

299 

89401 

26730899 

17.2916165 

6.6868831 

.0( 

300 

90000 

27000000 

17.3205081 

6.6943295 

.0( 

301 

90601 

27270901 

17.3493516 

6.7017593 

.0( 

302 

91204 

27543608 

17.3781472 

6.7091729 

.0( 

803 

91809 

27818127 

17.4068952 

6.7166700 

.0( 

304 

92416 

28094464 

17.4356958 

6.7239508 

.0( 

805 

93025 

28372626 

17.4642492 

6.7313155 

.0( 

306 

93636 

28662616 

17.4928557 

6.7386641 

.0( 

307 

94240 

28934443 

17.6214156 

6.7469967 

.0( 

306 

94864 

29218112 

17.6499288 

6.7633134 

.0( 

309 

95481 

29503629 

17.5783958 

8.7606143 

.0( 

810 

96100 

29791000 

17.6068169 

6.7678996 

,0( 

yGoogk 


Sq[aares,  Cubes,  Square  Roots,   Cube  Roots  and  Reciprocals 


96721 

97344 

97969 

9S396 

99225 

99856 

100489 

101124 

101761 

102400 
103041 
103684 
104329 
104976 
105625 
106276 
106929 
107584 
108241 

10B900 
109561 
110224] 
trnosa 


OubM 


roots 


115600 
116281 
1169&4 
117649 
118336 
119025 
119716 
120409 
121 104 
121801 

122500 
123201 
123904 
124609 
125316 
126025 
126736 
127449 
128164 
128881 

12960O 

190321 

13104^ 

131769 

132490 

133225 

13395ft 

134689 

135424 

136161 

136900 

137641 

13S3S4 


3008O231 
3037132S 
30664297 
30959144 
31255875 
31554496 
31855013 
32157432 
32461759 

3276800O 
33076161 
33386248 
3369^267 
340 12224 
3432S125 
34645976 
349657B3 
352S7552 
35611289 

3593TOOO 

362&4691 

36594368 

36926037 

37259704 

37695375 

37933056 

38272753 

38614472 

38958219 

39304€KX> 
39651821 

►7 

S6 
53 

. ^2 

42508349 

4287  &000 
43243S51 

\       \ 

4e656000 

-47< "*"*' 

47 
4T 

48 

4S 

4fl 

4f 

41 

60653000 
51064811 

ftl478848 


17. 
17. 

a7, 

17. 

17. 

17. 

17. 

17 

17 


€(351921 
6635217 
6918060 
7200451 
7482393 
7763888 
8044938 
8325545 
8605711 


17.8885438 
17.9164729 
17.9443584 

17.9722008 
18.0000000 
18.0277664 
18.0554701 

18.0831413 
18.1107703 
18.1383571 

18.1€S59021 

18.1934054 
18.2206672 
18.2482876 
18.2756660 
18 .  3030052 
18.3303028 
18.3575598 
18.3847763 
18.411^26 

18.4390689 
18.4661853 
18.4932420 
18.5202592 
18.5472370 
18.6741756 
18.6010752 
18.6279360 
18.6547581 
18.6815417 

18.7082869 
18.7349940 
18.7616630 
18.7882942 
18.8148877 
18.8414437 
18.8679623 
18.8944436 
18.9208870 
18.9472953 

18.9736660 
19.0000000 
19.0262976 
19.0525580 
19.0787840 
19.1049732 
19.1311265 
19.1572441 
19.1833261 
19.2093727 

19.2353841 
19.2613603 
19.2873015 


Cube  nxyta 


6.7751600 
6.7824229 
6.7896613 
6.7968844 
6.8040921 
6.8112847 
6.8184620 
6.8256242 
6.8327714 

6.8399037 
6.8470213 
6.8541240 
6.8612120 
6.8682855 
6.8763443 
6.8823888 
6.8894188 
6.8964345 
6.9034359 

6.9104232 
6.9173964 
6.9243556 
6.9313008 
6.9382321 
6.9451496 
6.9520533 
6.0589434 
6.9658198 
6.9726826 

6.9795321 
6.9863681 
6.9931906 
7.0000000 
7.0067962 
7.0135791 
7.0203490 
7.0271068 
7.0338497 
7.0405806 

7.0472987 
7.0540041 
7.0606967 
7.0673767 
7.0740440 
7.0806988 
7.0873411 
7.0939709 
7.1005885 
7.1071937 

7.1137866 
7.1203674 
7.1269360 
7.1334925 
7.1400370 
7.1465605 
7.1630901 
7.1595988 
7.1660967 
7.1725809 

7.1790544 
7.1855162 
7.1919663 


yGoogk 


Practical  Arithmetic 


No. 

Squares 

Cubes 

Square 
roots 

Cube  loots 

Ro< 

373 

139129 

61895117 

19.3132079 

7.1984050 

.OC 

374 

139876 

52313624 

19.3390796 

7.2048322 

.OC 

375 

140625 

52734375 

19.3649167 

7.2112479 

.OC 

37e 

141376 

53157376 

19.3907194 

7.2176522 

.00 

377 

142129 

53582633 

19.4164878 

7.2240450 

00 

378 

142884 

54010152 

19.4422221 

7.2304268 

.00 

379 

143641 

54439939 

19.4679223 

7.2367972 

.00 

380 

144400 

54872000 

19.4935887 

7.2431565 

.00 

381 

145161 

55306341 

19.5192213 

7.2495045 

.00 

382 

145024 

55742968 

19.5448203 

7.2558415 

.00 

383 

146689 

56181887 

19.5703858 

7.2621675 

.00 

384 

147456 

56623104 

19.6959179 

7.2684824 

.00 

385 

148225 

57066625 

19.6214169 

7.2747864 

.00 

386 

148996 

57512456 

19.6468827 

7.2810794 

.00 

387 

149769 

57960603 

19.6723156 

7.2873617 

.00 

388 

150544 

58411072 

19.6977156 

7.2936330 

.00 

389 

151321 

58863869 

19.7230829 

7.2998936 

.00; 

390 

152100 

59319000 

19.7484177 

7.3061436 

.00: 

391 

152881 

59776471 

19.7737199 

7.3123828 

.00: 

392 

153664 

60236288 

19.7989899 

7.3186114 

.00: 

393 

154449 

60698457 

19.8242276 

7.3248295 

.00: 

394 

155236 

61162984 

19.8494332 

7.3310369 

.00: 

395 

156025 

61629875 

19.8746069 

7.3372339 

.OOi 

396 

156816 

62099136 

19.8997487 

7.3434205 

.OOi 

397 

157609 

62570773 

19.9248588 

7.3495966 

.OOJ 

398 

158404 

63044792 

19.9499373 

7.3557624 

.00: 

399 

159201 

63521199 

19.9749844 

7.3619178 

.OOJ 

400 

160000 

64000000 

20.0000000 

7.3680630 

.005 

401 

160801 

64481201 

20.0249844 

7.3741979 

.OOi 

402 

161604 

64964808 

20.0499377 

7.3803227 

.001 

403 

162409 

65450827 

20.0748599 

7.3864373 

.OOi 

404 

163216 

65939264 

20.0997512 

7.3925418 

.OOi 

405 

164025 

66430125 

20.1246118 

7.3986363 

.OOi 

406 

164836 

66923416 

20.1494417 

7.4047206 

.OOi 

407 

165649 

67419143 

20.1742410 

7.4107950 

.oos 

408 

166464 

67917312 

20.1990099 

7.4168595 

.002 

409 

167281 

68417929 

20.2237484 

7.4229142 

.00:; 

410 

168100 

68921000 

20.2484567 

7.4289589 

.002 

411 

168921 

69426531 

20.2731349 

7.4349938 

.002 

412 

169744 

69934528 

20.2977831 

7.4410189 

.00:^ 

413 

170569 

70444997 

20.3224014 

7.4470342 

.002 

414 

171396 

70957944 

20.3469899 

7.4530399 

.002 

416 

172225 

71473375 

20.3715488 

7.4590359 

.002 

416 

nsaw 

71991296 

20.3960781 

7.4650223 

.002 

417 

173889 

72511713 

20.4205779 

7.4709991 

.002 

418 

174724 

73034632 

20.4450483 

7.4769664 

.002 

419 

175561 

73560059 

20.4694895 

7.4829242 

.002 

420 

176400 

74088000 

20.4939015 

7.4888724 

.002 

421 

177241 

74618461 

20.5182845 

7.4948113 

.002 

422 

178084 

75151448 

20.5426386 

7.5007406 

.002 

423 

178929 

75686967 

20.5669638 

7.5066607 

.002 

424 

179776 

76225024 

20.5912603 

7.5125715 

.002 

425 

180625 

76765625 

20.6155281 

7.6184730 

.002 

426 

181476 

77308776 

20.8397674 

7.5243652 

.002 

427 

182329 

77854483 

20.6639783 

7.5302482 

.002 

428 

183184 

78402752 

20.6881609 

7.5361221 

.002 

429 

184041 

78953589 

20.7123152 

7.5419867 

.002 

430 

184900 

79507000 

20.7364414 

.  7.5478423 

.002 

431 

185761 

80062991 

20.7605395 

7.5536888 

.002 

432 

186624 

80621568 

20.7846097 

7.5595263 

.002 

433 

187489 

81182737 

20.8086520 

7.5653548 

.002 

434 

188356 

81746504 

20.8326667 

7.5711743 

.002; 
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Squaxies,  Cubes,   Square   Roots,  Cube  Roots  and  Reciprocals     1 
N 


/    No.     i  Sqiultbo 


Cubes 


^'^   /  18922.5 

4.>«5   /  19CI09« 

4or   /  190969 

^iS  191S44 

4<»  192721 

440  193600 

441  1944^1 

442  195304 

443  J 96249 

444  1971 30 

445  19S025 
44^  19S916 
447  I  199.Sf)9 
44 "i  I  2»1'3704 
449  201601 

4.V)  202500 

451    '  20,-VtOl 

40-'   '  2043O4 

4.>3   '  2a52iy9 

454  206I1« 

4>>   /  207025 

45*>   '  2079:iS 

4."j7   1  20#^S49 

4:>H   I  2l>97e4 

459  1  2106S1 

460  211«00 

461  212521 

462  !  213444 
2l43r>« 
215206 
21622S 
21715e 
21RO«9 
219024 
219961 

220QOO 

221S41 

222T84 

223T29 

224 67 B 

22,5«25 

22<^.'>Tf> 

227529 

22-H4S4 

22944*1 

230400 

23l3ei 

232324 

2332^9 

2:V425e 

235225 

23ft 190 

237 ie9 

23M144 

239121 

240100 
241 08 I 
2420G4 
243049 
244030 
245025 

24eoid 


^J^         Cube  roots     Reciprocals 


82312S75 
828S185a 
83453453 
84027G72 
84604519 

85184O0O 
8576C121 
8e350SSS 
86938  307 
8752H384 
8S121125 
88716536 
89314623 
80915392 
905 18349 

91 1 25000 

91733S,51 

9234.S408 

92959677 

93576664 

94 1 9637S 

94S1S816 

9.5443993 

96071912 

06702^79 

97336000 

97972181 

9S611128 

99252847 

99897344 

100S44625 

lOl 194696 

lO 1847563 

102503232 

103161709 

103823000 
104487111 
1051.54048 
105S23817 
1064 96424 
107171876 
1078.50176 
108531333 
109215352 
109902230 

10 

11 
» 
V7 

15 
»6 
» 
r2 
}9 


llOi 

111! 

Ill* 

112 

113 

114 

114 

115 

116 

116 

117649000 

1 1  H370771 

119095488 

119823157 

120553784 

121287375 

122023936 


20. 8566536 
20.8806130 
20.9045450 
20 .  9284495 
20. 9523268 

20.9761770 
21  .0000000 
21  .0237960 
21.0475652 
21.0713075 
21.0950231 
21.1187121 
21.1423746 
21.1660105 
21 .  1896201 

21.2132034 
21.2367606 
21.2602916 
21.2837967 
21.3072758 
21.3307290 
21.3541565 
21.3775583 
21.4009346 
21.4242853 

21.4476106 
21.4709106 
21.4941853 
21.5174348 
21.5406592 
21.5638587 
21.5870331 
21.6101828 
21.6333077 
21.6564078 

21.6794834 
21.7025344 
21.7255610 
21.7485632 
21.7715411 
21.7944947 
21.8174242 
21.8403297 
21.8632111 
21.8860686 

21.9089023 
21.9317122 
21 .9544984 
21.9772610 
22.0000000 
22.0227155 
22.0454077 
22.0680765 
22.0907220 
22.1133444 

22.13.59436 
22.158.^198 
22.1810730 
22 .  20360.3:? 
22.2261108 
22.24859.55 
22.2710675 


7.6769849 
7.5827865 
7.6885793 
7.5943633 
7.6001385 

7.6059049 
7.6116626 
7.6174116 
7.6231519 
7.6288837 
7.6346067 
7.6403213 
7.6460272 
7.6517247 
7.6574138 

7.6630943 
7.6687665 
7.6744303 
7.6800857 
7.6857328 
7.6913717 
7.6970023 
7.7026246 
7.7082388 
7.7138448 

7.7194426 
7.7250325 
7.7306141 
7.7361877 
7.7417532 
7.7473109 
7.7528<'.06 
7.7584023 
7.7639361 
7.7694620 

7.7749801 
7.7804904 
7.7850928 
7.7914875 
7.7969745 
7.8024538 
7.8079254 
7.8133892 
7.8188456 
7.8242942 

7.8297353 
7.8351688 
7.8405949 
7.8460134 
6.8514244 
7.8568281 
7.8622242 
7.8676130 
7.8729944 
7.8783684 

7.8837.'?52 
7.8890946 
7.894  I ir>S 
7.8997017 
7.90.51294 
7.9104 ->99 
7.9167832 


yGoogk 


16 


Practical  Arithmetic 


No. 

Squares  ' 

Cubes 

Square 
roots 

Cube  roots 

R4 

497 

247000 

122763473 

22.2934968 

7.9210904 

.0 

408 

248004 

123505002 

22.3159136 

7.0264085 

.0 

400 

240001 

124251400 

22.3383079 

7.9317104 

.0 

600 

250000 

125000000 

22.3606798 

7.9370053 

.0 

501 

251001 

125751501 

22.3830293 

7.0422931 

.0 

502 

252004 

126506008 

22.4053565 

7.0475730 

.0 

503 

253000 

127263527 

22.4276615 

7.0528477 

.0 

504 

254016 

128024064 

22.4490443 

7.0581144 

.0 

505 

255025 

128787625 

22.4722051 

7.0633743 

.0 

506 

256036 

120554216 

22.4944438 

7.0686271 

.0 

507 

257040 

130323843 

22.5166605 

7.0738731 

.0 

508 

258064 

131006512 

22.5388553 

7.0701122 

.0 

500 

250081 

131872220 

22.5610283 

7.0843444 

.0 

510 

260100 

132651000 

22.5831796 

7.0805607 

.0 

511 

261121 

133432831 

22.6053091 

7.0047883 

.0 

512 

262144 

134217728 

22.6274170 

8.0000000 

.0 

513 

263160 

135005697 

22.6495033 

8.0052040 

.0 

514 

264106 

135706744 

22.6715681 

8.0104032 

.0 

515 

265225 

136500875 

22.6036114 

8.0155046 

.0 

516 

266256 

137388006 

22.7156334 

8.0207704 

.0 

517 

267280 

138188413 

22.7376340 

8.0250574 

.0 

518 

268324 

138001832 

22.7506134 

8.0311287 

.0 

510 

280361 

130708350 

-22.7815715 

8.0362035 

.0 

520 

270400 

140608000 

22.8035085 

8.0414515 

.0 

521 

271441 

141420761 

22.8254244 

8.0466030 

.0 

522 

272484 

142236648 

22.8473103 

8.0517470 

.0 

523 

273520 

143055667 

22.8601033 

8.0568862 

.0 

524 

274576 

143877824 

22.8010463 

8.0620180 

.0 

625 

275625 

144703126 

22.0128785 

8.0671432 

.0 

526 

276676 

145531576 

22.0346809 

8.0722620 

.0 

527 

277720 

146363183 

22.0564806 

8.0773743 

.0 

528 

278784 

147107952 

22.0782506 

8.0824800 

.0 

520 

270841 

148035889 

23.0000000 

8.0875704 

.0 

530 

280000 

148877000 

23.0217280 

8.0026723 

.0 

531 

281061 

149721291 

23.0434372 

8.0977580 

.0 

532 

283024 

150568768 

23.0651252 

8.1028300 

.0 

533 

284080  ■ 

151419437 

23.0867028 

8.1070128 

.0 

534 

285156 

152273304 

23.1084400 

8.1120803 

.0 

635 

286225 

153130375 

23.1300670 

8.1180414 

.0 

536 

287206 

153990656 

23.1516738 

8.1230062 

.0 

537 

288360 

154854153 

23.1732605 

8.1281447 

.0 

538 

280444 

155720872 

23.1048270 

8.1331870 

.0 

530 

200521 

156590819 

23.2163735 

8.1382230 

.o 

540 

201600 

157464000 

23.2370001 

8.1432529 

.Of 

541 

202081 

158340421 

23.2504067 

8.1482765 

.0 

542 

203764 

159220088 

23.2808935 

8.1532030 

.0< 

543 

204840 

160103007 

23.3023604 

8.1583051 

.0< 

544 

205036 

160989184 

23.3238076 

8.1633102 

.0( 

545 

207025 

161878625 

23.3452351 

8.1683092 

.0( 

546 

298116 

162771336 

23.3666429 

8.1733020 

.0« 

547 

200200 

163667323 

23.3880311 

8.1782888 

.01 

548 

300304 

164566592 

23.4093998 

8.1832695 

.0( 

540 

301401 

165469149 

23.4307490 

8.1882441 

.01 

550 

302500 

166375000 

23.4520788 

8.1032127 

.0^ 

551 

303601 

167284151 

23.4733892 

8.1081753 

.0< 

552 

304704 

168196608 

23.4946802 

8.2031319 

.01 

553 

305800 

169112377 

23.5159520 

8.2080825 

.01 

554 

306016 

170031464 

23.5372046 

8.2130271 

.IX 

555 

308025 

170953875 

23.5584380 

8.2179657 

.» 

556 

300136 

171879616 

23.5796622 

8.2228985 

.» 

557 

310240 

172808693 

23.6008474 

8.2278254 

.0( 

558 

311364 

173741112 

23.6220236 

8.2327463 

.(H 

yGoogk 


Sqiiares,  Cubes,  Squ&re  Roots,  Cube  Roots  and  Reciprocals 


/i«o. 


Sq 


Cubes 


Square 
toots 


Cube   roots     Reoiprocali 


3124S1 

313600 
314721 
315844 
316969 
31S09a 
319225 
320356 
321489 
3226-24 
323761 

32490O 
326041 
327 1S4 
328329 
329476 
330625 
331776 
332929 
334084 
335241 

336400 

337561 

338724 

339SS9 

3410oC 

342220 

343396 

3445f»9 

345744 

346921 

34S100 

3492S1 

3504G4 

351640 

352S36 

354025 

355216 

350409 

357604 

35saoi 

360000 

361201 

362404 

363009 

364316 

366025 

367236 

36»449 

369664 

370881 

CIO  I  372100 

611  1  373321 

612  \  374S44 

613  I  375769 

614  I     376996 

615  I      378225 

616  I      379456 

617  1      380689 

618  I      381924 
'      383161 

384400 


174676879 

175616000 
176558481 
177504328 
178453547 
179406144 
180362125 
1S1321496 
182284263 
1S3250432 
184220000 

185193000 
186169411 
187149248 
18S132517 
1S91 19224 
190109375 
191102976 
192100033 
193100552 
194104&39 

195112O00 
196122941 
197137368 
19815S287 
199176704 
200201625 
201230056 
202262003 
203297472 
204336469 

205379000 
2O6425071 
207474688 
208527857 
209584584 
210644875 
211708736 
212776173 
213847192 
214921799 

216000000 
217081801 
218167208 
219256227 
220348864 
221445126 
222545016 
223648543 
224755712 
225866529 

226981000 
228099131 
229220928 
230346397 
231475544 
232608375 
233744896 
234885113 
236029032 
237176659 
238328000 


23.6431808 

23.6643191 
23.68.54386 
23.7065392 
23.7276210 
23.7486842 
23.7697286 
23.7907545 
23.8117618 
23.8327506 
23.8537209 

23.8746728 
23.8956063 
23.9165215 
23.9374184 
23.9582971 
23.9791576 
24.0000000 
24.0208243 
24.0416306 
24.0624188 

24.0831891 
24.1039416 
24.1246762 
24.1453929 
24.1660919 
24.1867732 
24.20743G9 
24.2280829 
24.2487113 
24.2693222 

24.2899156 
24.3104916 
24.3310501 
24.3515913 
24.3721152 
24.3926218 
24.4131112 
24.4335834 
24.4540386 
24.4744766 

24.4948974 
24.5153013 
24.6356883 
24.5560583 
24.5764115 
24.5967478 
24.6170673 
24.6373700 
24.6676560 
24.6779254 

24.6981781 
24.7184142 
24.7386338 
24.7588368 
24.7790234 
24.7991936 
24.8193473 
24.8394847 
24.8596058 
24.8797106 
24.8997992 


8.2376614 

8.2426706 
8.2474740 
8.2523715 
8.2572633 
8.2621492 
8.2670294 
8.2719039 
8.2767726 
8.2816355 
8.2864928 

8.2913444 
8.2961903 
8.3010304 
8.3058651 
8.3106941 
8.3166175 
8.3203353 
8.3251475 
8.3299542 
8.3347553 

8.3395509 
8.3443410 
8.3491256 
8.3539047 
8.3586784 
8.3634466 
8.3682096 
8.3729668 
8.3777188 
8.3824653 

8.3872065 
8.3919423 
8. 3966729 
8.4013981 
8.4061180 
8.4108326 
8.4155419 
8.4202460 
8.4249448 
8.4296383 

8.4343267 
8.4390098 
8.4436877 
8.4483G05 
8.4630281 
8.4576906 
8.4623479 
8.4670001 
8.4716471 
8.4762892 

8.4809261 
8.4855579 
8.4901848 
8.4948065 
8.4994233 
8.6040360 
8.6086417 
8.5132435 
8.6178403 
8.5224321 
8.5270189 


.001788905 

.001 78571-1 
.00178253] 
.001779351 
.00177619$ 
.00177305( 
.001769915 
.00176678^^ 
.00176366J 
.00176056? 
.00176746$ 

.00176438< 
.0017513K 
.00174825i 
.00174520; 
.00174216( 
.00173913( 
.00173611: 
.00173310! 
.00173010^ 
.00172711( 

.00172413^ 
.001721171 
.00171821; 
.00171.'52Cl 
.00171232! 
.00170940: 
.00170648 
.00170357; 
.0017006S 
.00169779 

.00169491 
.00169204 
.00168918 
.00168634 
.00168.350 
.00168067 
.0016778fi 
.00167501 
.00167224 
.00166944 

.00166606 
.00I6(>3S9 
.00166113 
.00165837 
.OOieo.'SO:] 
.00165281: 
.001650U 
.0016474-^ 
.0016447; 
.0016420.- 

.0016393^ 
.00163Gr,( 
.0016339? 
.0016313^ 
.0016280( 
.0016200: 
.0016233; 
.0016207^ 
.0016181! 
.00161.55< 
.0016129< 
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Practical  Arithmetic 


No. 

Squares 

Cubes 

Square 
roots 

Cube  roots 

Recip 

621 

385641 

239483061 

24.9198716 

8.5316000 

.OOK 

622 

386884 

240641848 

24.9399278 

8.5361780 

.OOK 

623 

388129 

241804367 

24.9699679 

8.5407501 

.0011 

624 

389376 

242970624 

24.9799920 

8.5453173 

.ooie 

625 

390625 

244140625 

25.0000000 

8.5498797 

.OOU 

626 

391876 

245314376 

25.0199920 

8.5544372 

.0011 

627 

393129 

246491883 

25.0399681 

8.5589809 

.OOU 

628 

394384 

247673152 

25.0798724 

8,5635377 

.OOU 

629 

395641 

248858189 

8.5680607 

.001; 

630 

306900 

250047000 

25.0996008 

8.5726189 

.OOU 

631 

398161 

251239591 

25.1197134 

8.5771523 

.OOU' 

632 

399424 

252435968 

25.1396102 

8.5816809 

.OOU 

633 

400689 

253636137 

25.1594913 

8.5862047 

.OOU 

634 

401956 

254840104 

25.1793566 

8.6907238 

.OOU 

635 

403225 

256047875 

25.1992063 

8.5952380 

.001.- 

636 

404496 

257259456 

25.2190404 

8.5997476 

.001.^ 

637 

405769 

258474853 

25.2388589 

8.6042525 

.001." 

638 

407044 

259694072 

25.2586619 

8.6087526 

.OOU 

639 

406321 

260917119 

25.2784493 

8.6132480 

.OOU' 

640 

409600 

262144000 

25.2982213 

8.6177388 

.001.' 

641 

410881 

263374721 

25.3179778 

8.6222248 

.OOU, 

642 

412164 

264609288 

25.3377189 

8.6267063 

.001.' 

643 

413449 

265847707 

25.3574447 

8.6311830 

.001." 

644 

414736 

267089984 

25.3771551 

8.6356551 

.001." 

645 

416025 

268336125 

25.3968502 

8.6401226 

.OOU 

646 

417316 

269586136 

25.4165301 

8.6445855 

•  OOU 

647 

418609 

270840023 

25.4361947 

8.6490437 

.001.^ 

648 

419904 

272097792 

25.4558441 

8.6534974 

.ooi; 

649 

421201 

273359449 

25.4754784 

8.6579465 

.OOU 

660 

422500 

274625000 

25.4950976 

8.6623911 

.001.'! 

661 

423801 

275894451 

25.5147016 

8.6668310 

.OOlr 

652 

425104 

277167808 

25.5342907 

8.6712665 

.OOU'; 

653 

426409 

278445077 

25.5538647 

8.6756974 

.001.: 

654 

427716 

279726264 

25.5734237 

8.6801237 

.OOUn 

655 

429025 

281011375 

25.5929678 

8.6845456 

.001- 

656 

430336 

282300416 

25.6124969 

8.6889630 

.0010 

667 

431649 

283593393 

25.6320112 

8.6933759 

.OOU* 

658 

432964 

284890312 

25.6515107 

8.6977843 

.001.^ 

659 

434281 

286191170 

25.6709953 

8.7021882 

.OOU" 

660 

435600 

287496000 

25.6904652 

8.7066877 

.oou-^ 

661 

436921 

288804781 

25.7099203 

8.7109827 

.001." 

662 

438244 

290117528 

8.7153734 

.ooi: 

663 

439569 

291434247 

25.7487864 

8.7197596 

.001." 

664 

440896 

292754944 

25.7681975 

8.7241414 

.001." 

666 

442225 

294079625 

25.7875939 

8.7285187 

.OOU" 

666 

443556 

295408296 

26.8069758 

8.7328918 

.001.'; 

667 

444889 

296740963 

25.8263431  . 

8.7372604 

.001^ 

668 

446224 

298077632 

26.8456960 

8.7416246 

.001^ 

609 

447561 

299418309 

25.8650343 

8.7459846 

.001^ 

670 

448900 

300763000 

25.8843582 

8.7503401 

.001^ 

671 

460241 

302111711 

25.9036677 

8.7546913 

.001^ 

672 

451584 

303464448 

25.9229628 

8.7590383 

.0014 

673 

452929 

304821217 

25.9422435 

8.763.^1809 

.0014 

674 

454276 

306182024 

25.9615100 

8.7677192 

.0014 

675 

455625 

307546875 

25.9807621 

8.7720632 

.0014 

676 

456976 

308915776 

26.0000000 

8.7763830 

.0014 

677 

458329 

310288733 

26.0192237 

8.7807084 

.0014 

678 

459684 

311665752 

26.0384331 

8.7850296 

.0014 

679 

461041 

313046839 

26.0576284 

8.7893466 

.0044 

680 

462400 

314432000 

26.0768096 

8.7936593 

.0014 

681 

463761 

315821241 

26.0959767 

8.7979679 

.0014 

082 

465124 

317214568 

26.1151297 

8.8022721 

.0014 

yGoogk 


Squares,  Cubes,  Square  Roots,  Cube  Roots  and  Recip 


'  Sqwuea 

«S5  /  4e0223 
SSe  I  470S9& 
^7  I  471969 
ess  I  473S4A 
eSQ  I     474721 

eOO  I     476100 

691  I  4774S1 

692  I  47SS^4 

693  I  4S0249 

694  I  4S1636 

695  I  4S302^ 

696  I  4844ie 

697  I  4S3809 

488eoi 


Cubes 


357911000 
359425431 
360944128 
362467007 
363994344 
365525875 
367061696 
368601813 
370146232 
371694959 


X) 
31 
18 
57 
24 
15 

r6 

J3 


387420489 

389017000 
390617891 
392223168 
393832837 
395446904 
397065375 
398688256 
400315553 
401947272 
403583419 

405224000 
406869021 
408518488 
410172407 
411830784 


Square 
roota 


26.1342687 
26.1533937 
26.1725047 
26.1916017 
26.2106848 
26.2297541 
26.2488096 

26.2678511 
26.2868789 
26.3058929 
26.3248932 
26.3438797 
26.3628527 
26.3818119 
26.4007576 
26.4196896 
26.4386081 

26.4675131 
26.4764046 
26.4952826 
26.5141472 
26.5329983 
26.5518361 
26.5706605 
26.5894716 
26.6082694 
26.6270539 

26.6458252 
26.6645833 
26.6833281 
26.7020698 
26.7207784 
26.7394839 
26.7581763 
26.7768667 
26.7955220 
26.8141764 

26.8328157 
26.8514432 
26.8700577 
26.8886593 
26.9072481 
26.9258240 
26.9443872 
26.9629375 
26.9814751 
27.0000000 

27.0185122 
27.0370117 
27.0554985 
27.0739727 
27.0924344 
27.1108834 
27.1293199 
27.1477439 
27.1661554 
27.1846544 

27.2029410 
27.2213152 
27.2396769 
27.2580263 
27.2763634 


Cube  iDots 


8.8065722 
8.8108681 
8.8151598 
8.8194474 
8.8237307 
8.8280099 
8.8322860 

8.8366559 
8.8408227 
8.8450854 
8.8493440 
8.8535985 
8.8578489 
8.8620962 
8.8663375 
8.8705767 
8.8748099 

8.8790400 
8.8832661 
8.8874882 
8.8917063 
8.8959204 
8.9001304 
8.9043366 
8.9085387 
8.9127369 
8.9169311 

8.9211214 
8.9253078 
8.9294902 
8.0336687 
8.9378433 
8.9420140 
8.9461809 
8.9503438 
8.9545029 
8.9586681 

8.9628095 
8.9669570 
8.9711007 
8.9752406 
8.9793766 
8.9835089 
8.9876373 
8.9917620 
8.9958829 
9.0000000 

9.0041134 
9.0082229 
9.0123288 
9.0164309 
9.0205293 
9.0246239 
9.0287149 
9.0328021 
9.0368857 
9.0409655 

9.0460419 
9.0491142 
9.0631831 
9.0572482 
9.0613098 
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Practical  Arithmetic 


No. 

Squares 

Cubes 

Square 
^roota 

Cube  roots 

Rec 

745 

555025 

413493625 

27.2946881 

9.0663677 

.00 

746 

556516 

415160936 

27.3130006 

9.0694220 

.00 

747 

558009 

416832723 

27.3313007 

9.0734726 

.00 

748 

559504 

418508992 

27.3495887 

9.0775197 

.00 

749 

661001 

420189749 

27.3678644 

9.0815631 

.00 

750 

662500 

421875000 

27.3861279 

9.0856030 

.00 

751 

664001 

423564751 

27.4043792 

9.0896392 

.00 

752 

665504 

425259008 

27.4226184 

9.0936719 

.00 

753 

667009 

428957777 

27.4408455 

9.0977010 

.00 

754 

668516 

428661064 

27.4590604 

9.1017265 

.00 

755 

670025 

430368875 

27.4772633 

9.1057486 

.00 

756 

671636 

432081216 

27.4954542 

9.1097669 

.00 

757 

673049 

433798093 

27.5136330 

9.1137818 

.00 

758 

574564 

435519512 

27.5317998 

9.1177931 

.00 

759 

676081 

437246479 

27.5499646 

9.1218010 

.00 

700 

677600 

438976000 

27.6680975 

9.1258053 

.00 

761 

679121 

440711081 

27.5862284 

9.1298061 

.00 

762 

680644 

442450728 

27.6043475 

9.1338034 

.00 

763 

682169 

444194947 

27.6224546 

9.1377971 

.00 

764 

683696 

445943744 

27.6405499 

9.1417874 

.00 

765 

685225 

447697126 

27.6586334 

9.1457742 

.00 

766 

686756 

449455096 

27.6767050 

9.1497576 

.00 

767 

588289 

451217663 

27.6947648 

9.1637375 

.00 

768 

589824 

452984832 

27.7128129 

9.1577139 

.00 

769 

691361 

454756609 

27.7308492 

9.1616869 

.00 

770 

692900 

456533000 

27.7488739 

9.1666566 

.00 

771 

694441 

458314011 

27.7668808 

9.1696225 

.00 

772 

595984 

460099648 

27.7848880 

9.1735852 

.00 

773 

597529 

461889917 

27.8028775 

9.1776445 

.00 

774 

599076 

463684824 

27.8208555 

9.1815003 

.00 

775 

600626 

465484375 

27.8388218 

9.1854527 

.00 

776 

602176 

467288576 

27.8567766 

9.1894018 

.00 

777 

603729 

469097433 

27.8747197 

9.1933474 

.00 

778 

605284 

470910962 

27.8928514 

9.1972897 

.00 

779 

606841 

472729189 

27.9105715 

9.2012286 

.00 

780 

608400 

474552000 

27.9284801 

9.2051641 

.00 

781 

609961 

476379541 

27.9463772 

9.2090962 

.00 

782 

611524 

478211768 

27.9642629 

9.2130250 

.00 

783 

613089 

480048687 

27.9821372 

9.2169506 

.00 

784 

614656 

481890304 

28.0000000 

9.2208726 

.00 

785 

616226 

483736625 

28.0178515 

9.2247914 

.00 

786 

617796 

485587656 

28.0356915 

9.2287068 

.00 

787 

619369 

487443403 

28.0535203 

9.2326189 

.00 

788 

620944 

489303872 

28.0713377 

9.2365277 

.00 

789 

622621 

491109069 

28.0891438 

9.2404333 

.00 

790 

624100 

493039000 

28.1069386 

9.2443356 

.00 

791 

625681 

494913671 

28.1247222 

9.2482344 

.00: 

792 

627264 

496793068 

28.1424946 

9.2521800 

.00 

793 

628849 

498677267 

28.1602557 

9.2560224 

.00 

794 

630436 

500566184 

28.1780066 

9.2599114 

.00 

795 

632025 

502469875 

28.1957444 

9.2637973 

.00 

796 

633616 

504358336 

28.2134720 

9.2676798 

.00 

797 

635209 

506261573 

28.2311884 

9.2715692 

.00 

798 

636804 

508169592 

28.2488938 

9.2764852 

.00: 

799 

638401 

510082399 

28.2665881 

9.2793081 

.00: 

800 

640000 

612000000 

28.2842712 

9.2831777 

.00: 

801 

641601 

613922401 

28.3019434 

9.2870440 

.00: 

802 

643204 

515849608 

28.3196045 

9.2909072 

.00: 

803 

644809 

51778162T 

28.3372646 

9.2947671 

.00: 

804 

646416 

519718464 

28.3648938 

9.2986230 

.001 

805 

648025 

621660125 

28.3726219 

9.3024776 

.001 

806 

649636 

623606616 

28.8901391 

9.3063278 

.00] 

yGoogk 


Squares,  Cubes,  Square  Roots,  Cube  Roots  and  Reciprocals 


No. 

Sqiiana 

Cubes 

Square 
loots 

Cube  XDots 

Reciprocals 

807 

651240 

525557043 

28.4077454 

0.3101760 

.001239157 

808 

652864 

527614112 

28.4253408 

0.3140190 

.001237624 

800 

654481 

520475129 

28.4420253 

0.3178500 

.001236094 

810 

656100 

531441000 

28.4604980 

0.3216075 

.001234568 

811 

657721 

533411731 

28.47S0617 

0.3255320 

.001233040 

812 

659344 

535387328 

28.4956137 

0.3203634 

.001231527 

813 

660969 

637367797 

28.5131549 

0.3331916 

.001230012 

814 

662396 

639353144 

28.5306852 

9.3370167 

.001228501 

815 

664225 

641343375 

28.5482048 

9.3408386 

.001226994 

816 

665856 

643338496 

28.5657137 

0.3446575 

.00122549(1 

817 

667489 

545338513 

28.5832119 

0.3484731 

.0012239<MJ 

818 

669124 

547343432 

28.6006993 

0.3522857 

.001222494 

»819 

670761 

549353259 

28.6181760 

0.3560952 

.001221001 

820 

672400 

551368000 

28.6356421 

0.3500016 

.001219512 

821 

674041 

553387661 

28.6530976 

0.3637040 

.001218027 

822 

675G84 

555412248 

28.6705424 

0.3675051 

.001216545 

823 

677329 

657441767 

28.6870766 

9.3713022 

.00121.^007 

824 

678976 

559476224 

28.7054002 

0.3750963 

.001213592 

825 

680625 

561516G25 

28.7228132 

9.3788873 

.001212121 

826 

682276 

563550976 

28.7402157 

9.3826752 

.001210654 

827 

683929 

565609283 

28.7576077 

9.3864600 

.001209190 

828 

685584 

567663552 

28.7749891 

9.3902419 

.001207729 

820 

687241 

569722789 

28.7023801 

9.3940206 

.001206273 

830 

688900 

571787000 

28.8097206 

0.3077964 

.001204819 

831 

600561 

573856191 

28.8270706 

9.4015691 

.0012033C9 

832 

602224 

575930368 

28.8444102 

9.4053387 

.00120192;i 

833 

603889 

578009537 

28.8617394 

9.4091054 

.001200480 

834 

605556 

580093704 

28.8790582 

9.4128690 

.00U99041 

836 

607225 

582182875 

28.8063666 

9.4166207 

.00119760r) 

836 

608896 

584277056 

28.0136646 

9.4203873 

.001196172 

837 

700569 

586376263 

28.0300523 

0.4241420 

.001194743 

838 

702244 

588480472 

28.0482297 

9.4278936 

.001193317 

830 

703021 

590580710 

28.0654067 

0.4316423 

.001191895 

840 

705600 

502704000 

28.0827635 

0.4353880 

.001190476 

841 

707281 

504823321 

20.0000000 

0.4391307 

.001189061 

842 

708964 

506047688 

29.0172363 

9.4428704 

.001187648 

843 

710649 

609077107 

29.0344623 

0.4466072 

.001186240 

844 

712336 

601211584 

29.0516781 

0.4503410 

.001184834 

845 

714025 

603351125 

29.0688837 

0.4540710 

.001183432 

846 

715716 

605495736 

29.0860791 

0.4577000 

.001182033 

847 

717409 

607645423 

29.1032644 

0.4615249 

.001180C38 

848 

719104 

609800102 

29.1204390 

9.4652470 

.001179245 

840 

720801 

611960049 

29.1376046 

0.4689661 

.001177856 

850 

722500 

614125000 

29.1547595 

0.4726824 

.001176471 

851 

724201 

616295051 

29.1719043 

0.4763957 

.00117508.S 

852 

725904 

618470208 

29.1890390 

0.4801061 

.001173709 

853 

727609 

620650477 

29.2061637 

0.4838136 

.00117233;j 

854 

729316 

622835864 

29,2232784 

0.4875182 

.001170900 

855 

731025 

625026375 

29.2403830 

0.4912200 

.001169091 

856 

732736 

627222016 

29.2574777 

0.4949188 

.001168224 

857 

734440 

620422703 

20.2746623 

0.4986147 

.001106861 

858 

736164 

631628712 

29.2916370 

9.5023078 

.001165501 

850 

737881 

633830770 

20.3087018 

9.5059980 

.001164144 

860 

730600 

636056000 

20.3267566 

0.5006854 

.001162791 

861 

741321 

638277381 

29.3428015 

0.5133690 

.001161440 

862 

743044 

640503928 

20.3598365 

0.5170515 

.001160093 

863 

744760 

642785647 

20.8768616 

0.6207303 

.001158740 

864 

746406 

644972544 

20.8938769 

0.5244063 

.001157407 

865 

748226 

647214625 

20.4108823 

0.5280704 

.0011560t',9 

866 

740056 

640461896 

20.4278779 

0.5317497 

.001154734 

867 

751680 

661714363 

20.4448637 

0.5354172 

.001153403 

868 

753424 

668072032 

20.4618397 

0.6300818 

.001152074 
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Piactical  Arithmetic 


No. 

Sgiutes 

Oubee 

Squara 
roota 

Reel 

860 

765161 

666234000 

20.4788060 

0.6427487 

.001 

870 

766000 

658503000 

20.4057624 

0.6464027 

.001 

871 

758641 

660776311 

20.5127001 

0.6500680 

.001 

872 

760384 

663064848 

20.6206461 

0.6637123 

.00] 

873 

762129 

666338617 

20.6466734 

0.6573630 

.001 

874 

763876 

667627624 

20.6634010 

.  0.6610108 

.001 

876 

765626 

660021875 

20.6803080 

0.5646569 

.001 

876 

767376 

672221376 

20.5072072 

0.5682082 

.001 

877 

760120 

674526133 

20.6141858 

0.6710377 

.001 

878 

770884 

676836152 

20.6310648 

0.6755746 

.001 

879 

772641 

670151430 

20.6470342 

0.5702086 

.001 

880 

774400 

681472000 

20.6647030 

0.6828307 

.001 

881 

776161 

683707841 

20.6816442 

0.5864682 

.001 

882 

777924 

686128068 

20.6084848 

0.5000030 

.001 

883 

779689 

688465387 

20.7153150 

0.6037160 

.001 

884 

781456 

600807104 

20.7321375 

0.5073373 

.001 

885 

783225 

603154125 

20.7480406 

0.6000548 

.001 

886 

784996 

606506456 

20.7667621 

0.6046606 

.001 

887 

786769 

607864103 

20.7826452 

0.6081817 

.001 

888 

788544 

700227072 

20.7003280 

0.6117011 

.001 

889 

700321 

702506360 

20.8161030 

0.6153077 

.001 

890 

702100 

704060000 

20.8328678 

0.6100017 

.001 

891 

703881 

707347071 

20.8406231 

0.6226030 

.001 

892 

705664 

700732288 

20.8663600 

0.6262016 

.001 

893 

707440 

712121057 

20.8831056 

0.6207075 

.001 

894 

700236 

714616084 

20.8008328 

0.6333007 

.001 

895 

801025 

716017376 

20.0166506 

0.6360812 

.001 

896 

.  802816 

710323136 

20.0332501 

0.6405600 

.001 

897 

804600 

721734273 

20.0400583 

0.6441542 

.001 

898 

806404 

724160702 

20.0666481 

0.6477367 

.001 

899 

808201 

726572000 

20.0833287 

0.6613166 

.001 

900 

810000 

720000000 

30.0000000 

0.6548038 

.001 

901 

811801 

731432701 

30.0166620 

0.6584684 

.001 

902 

813604 

733870808 

aO.0333148 

0.6620403 

.001 

903 

815400 

736314327 

30.0400684 

0.6656006 

.001 

904 

817216 

738763264 

30.0665028 

0.6601762 

.001 

905 

810025 

741217626 

30.0632170 

0.6727403 

.001 

906 

820836 

743677416 

30.0008330 

0.6763017 

.001 

907 

822640 

746142643 

30.1164407 

0.6708604 

.001 

908 

824464 

748613312 

30.1330383 

0.6834166 

.001 

909 

826281 

761080420 

30.1406260 

0.6860701 

.001 

910 

828100 

753571000 

30.1662063 

0.6006211 

.001 

911 

820021 

756058031 

30.1827765 

0.6040604 

.001 

912 

881744 

758550528 

30.1003377 

0.6076151 

.001 

913 

833560 

761048497 

30.2158800 

0.7011583 

.001 

914 

835306 

763551044 

30.2324320 

0.7046080 

.001 

915 

837225 

766060875 

30.2480660 

0.7082360 

.001 

916 

830056 

768575206 

30.2664010 
30.28^070 

0.7117723 

.001 

917 

840880 

771005213 

0.7153051 

.001 

918 

842724 

773620632 

30.2086148 

0.7188354 

.001 

919 

844561 

776161560 

30.3160128 

0.7223631 

.001 

920 

846400 

778688000 

30.3316018 

0.7268883 

.001 

921 

848241 

781220061 

30.3470818 

0.7204100 

.001 

922 

850084 

783777448 

30.3644520 

0.7320300 

.001 

923 

851020 

786330467 

30.3800151 

0.7364184 

.001 

924 

853776 

788880024 

30.3073683 

0.7300634 

.001 

926 

855626 

701453126 

80.4138127 

0.7434758 

.001 

926 

857476 

704022776 

30.4302481 

0.7460857 

.001 

927 

859320 

706597983 

80.4466747 

0.7504030 

.001 

928 

861184 

799178762 

30.4630024 

0.7630070 

.001 

929 

863041 

801766089 

30.4705018 

0.7676002 

.001 

930 

864000 

804867000 

80.4060014 

0.7610001 

.001 
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Squazes,  Cubes,  Square  Roots,  Cube  Roots  and  Reciprocals 


No. 

Squares 

Cubes 

roota 

Cube  -roots 

031 

866761 

800064491 

80.5122026 

9.7644974 

.001074114 

032 

868624 

800567568 

30.5286750 

9.7679922 

.001072961 

933 

870480 

812166287 

30.5450487 

9.7714845 

.001071811 

934 

872356 

814780504 

30.5614136 

9.7749743 

.001070664 

935 

874225 

817400375 

30.5777607 

9.7784616 

.001069519 

936 

876006 

820025856 

30.5041171 

9.7819466 

.001068376 

937 

877060 

822656053 

30.6104557 

9.7854288 

.001067236 

938 

870844 

825203672 

30.6267857 

9.7889087 

.001066098 

930 

881721 

827036010 

30.6431060 

9.7923861 

.001064963 

910 

883600 

830584000 

80.6504104 

9.7058611 

.001063830 

941 

885481 

833237621 

30.6757533 

0.7993336 

.001062609 

942 

887364 

835806888 

30.6020185 

9.8028036 

.001061571 

013 

889249 

838561807 

30.7063051 

9.8062711 

.001060445 

044 

891136 

841232384 

30.7245830 

9.8097362 

.001059322 

915 

893025 

843908625 

30.7408523 

9.8131989 

.001058201 

W6 

894916 

84G590536 

30.7571130 

9.8166591 

.001057082 

047 

890809 

849278123 

30.7733651 

9.8201169 

.00ia559€6 

048 

898701 

851971392 

30.7896086 

9.8235723 

.001054852 

040 

900601 

854670349 

30.8058436 

9.8270252 

.001053741 

050 

902500 

857375000 

30.8220700 

9.8304757 

.001052632 

951 

904401 

860085351 

30.8382870 

9.8339238 

.001051525 

052 

906304 

862801408 

30.8544972 

9.8373695 

.001050420 

053 

908209 

865523177 

30.8706981 

9.8408127 

.001049318 

054 

910116 

868250664 

30.8868904 

9.8442536 

.001048218 

055 

912025 

870983875 

30.9030743 

0.8476920 

.001047120 

056 

913936 

873722816 

30.9192497 

9.8511280 

.001046025 

057 

915849 

876467493 

30.9354166 

9.8545617 

.001044932 

058 

917764 

879217912 

30.9515751 

9.8579920 

.001043841 

099 

919681 

881974079 

30.9677251 

0.8614218 

.001042763 

960 

921600 

884736000 

80.9838668 

0.8648483 

.001041667 

961 

923521 

887503681 

31.000C000 

0.8682724 

.001040583 

962 

925444 

890277128 

31.0161248 

0.8716041 

.001039501 

963 

927369 

893056347 

31.a322413 

0.8751135 

.001038422 

964 

929296 

895841344 

31.0483494 

0.8785305 

.001037344 

965 

931225 

898632125 

31.0644491 

9.8819451 

.001036269 

966 

933156 

901428696 

31.0805405 

9.8853574 

.001035197 

967 

935089 

904231063 

31.0966236 

9.8887673 

.001034126 

968 

937024 

907039232 

31.1126984 

9.8921749 

.001033058 

960 

938961 

909853209 

81.1287648 

0.8055801 

.001031992 

970 

940900 

912673000 

31.1448230 

9.8989830 

.001030928 

071 

942841 

915498611 

31 . 1608729 

9.9023835 

.001029866 

072 

944784 

918330048 

31.1769145 

9.9057817 

.001028807 

973 

946729 

921167317 

31.1929479 

9.9091776 

.001027749 

974 

948676 

924010424 
926859376 

31.2089731 

9.9125712 

.001026694 

975 

950625 

31.2249900 

9.9159624 

.001025641 

976 

952576 

929714176 

31.2409987 

9.9193613 

.001024590 

977 

954529 

932574833 

31.2569992 

9.9227379 

.001023541 

978 

956484 

935441352 

31.2729915 

9.9261222 

.001022495 

979 

*  958441 

938313739 

31*.  2889757 

9.9295042 

.001021450 

980 

960400 

941192000 

31.3049517 

9.9328839 

.001020408 

981 

962361 

944076141 

31.3209195 

9.9362613 

.001019368 

982 

964324 

946966168 

31.3368792 

9.9396363 

.001018330 

983 

966289 

949862067 

31.3528308 

9.9430092 

.001017294 

984 

968256 

952763904 

31.3687743 

9.9463797 

.001016260 

985 

970225 

955671625 

31.3847097 

9.9497479 

.001015228 

986 

972196 

958585256 

31.4006369 

0.9531138 

.001014199 

967 

974169 

961504803 

31.4165561 

9.9564775 

.001013171 

088 

976144 

964430272 

31.4324673 

9.9598389 

.001012146 

080 

078121 

067361660 

31.4483704 

9.9631981 

.001011122 

000 

060100 

070209000 

31.4642654 

9.9665549 

.001010101 

001 

082061 

973242271 

31 .4801525 

9.9699095 

.001009082 

«« 

084064 

[  076101488 

31.4960315 

9.9732619 

.001008065 
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Practical  Arithmetic 


Part  1 


No. 

Squares 

Cubes 

Square 
loots 

Cub«  toots 

Reciprocals 

993 

986049 

979146657 

31.6119025 

9.9766120 

.001007049 

994 

988036 

982107784 

31.6277655 

9.9799599 

.001006036 

995 

990025 

985074875 

31.6436206 

9.9833055 

.001005025 

996 

992016 

988047936 

31.6594677 

9.9866488 

.001004016 

997 

994009 

991026973 

31.5753068 

9.9899900 

.001003009 

998 

996004 

994011992 

31.5911380 

9.9933289 

.001002001 

999 

998001 

997002999 

31.6069613 

9.9966656 

.001001001 

1000 

1000000 

1000000000 

31.6227766 

10.0000000 

.001000000 

1001 

1002001 

1003003001 

31.6385840 

10.0033322 

.0009990010 

1002 

1004004 

1006012008 

31.6543836 

10.0066622 

.0009980040 

1003 

1006009 

1009027027 

•31.6701762 

10.0099899 

.0009970090 

1004 

1008016 

1012048064 

31.6859590 

10.0133155 

.0009960159 

1005 

1010025 

1016075125 

31.7017349 

10.0166389 

.0009950249 

1006 

1012036 

1018108216 

31.7175030 

10.0199601 

.0009940358 

1007 

1014049 

1021147343 

31.7332633 

10.0232791 

.0009930487 

1008 

1016064 

1024192512 

31.7490157 

10.0265958 

.0009920635 

1009 

1018081 

1027243729 

31.7647603 

10.0299104 

.0009910803 

1010 

1020100 

1030301000 

31.7804972 

10.0332228 

.0009900990 

1011 

1022121 

1033364331 

31.7962262 

10.0365330 

.0009891197 

1012 

1024144 

1036433728 

31.8119474 

10.0398410 

.0009881423 

1013 

1026169 

1039.509197 

31.8276609 

10.0431469 

.0009871668 

1014 

1028196 

1042590744 

31.8433666 

10.0464506 

.0009861933 

1015 

1030225 

1045678375 

31.8590646 

10.0497521 

.0009852217 

1016 

1032256 

1048772096 

31.8747549 

10.0530514 

.0009842520 

1017 

1034289 

1051871913 

31.8904374 

10.0563485 

.0009832842 

1018 

1036324 

1054977832 

31.9061123 

10.0596435 

.0009823183 

1019 

1038361 

1058089859 

31.9217794 

10.0629364 

.0009813543 

1020 

1040400 

1061208000 

31.9374388 

10.0662271 

.0009803922 

1021 

1042441 

1064332261 

31.9530906 

10.0695156 

.0009794319 

1022 

1044484 

1067462648 

31.9087347 

10.0728020 

.0009784736 

1023 

1046529 

1070599167 

31.9843712 

10.0760863 

.0009776171 

1024 

1048676 

1073741824 

32.0000000 

10.0793684 

.0009765625 

1025 

1050625 

1076890625 

32.0156212 

10.0826484 

.0009756098 

1026 

1052676 

1080045576 

32.0312348 

10.0859262 

.0009746589 

1027 

1054729 

1083206683 

32.0468407 

10.0892019 

.0009737098 

1028 

1056784 

1086373952 

32.0624391 

10.0924755 

.0009727626 

1029 

1058841 

1089547389 

32.0780298 

10.0957469 

.0009718173 

1030 

1060900 

1092727000 

32.0936131 

10.0990163 

.0009708738 

1031 

1062961 

1095912791 

32.1091887 

10.1022836 

.0009699321 

1032 

1065024 

1099104768 

32.1247568 

10.1055487 

.0009689922 

1033 

1067089 

1102302937 

32.1403173 

10.1088117 

.0009680542 

1034 

1069156 

1105507304 

32.1558704 

10.1120726 

.0009671180 

1036 

1071225 

1108717875 

32.1714159 

10.1153314 

.0009661836 

1036 

1073296 

1111934656 

32.1869539 

10.1185882 

.0009652510 

1037 

1075369 

1115157653 

32.2024844 

10.1218428 

.0009643202 

1038 

1077444 

1118386872 

32.2180074 

10.1250953 

.0000633911 

1039 

1079621 

1121622319 

32.2335229 

10.1283457 

.0009624639 

1040 

1081600 

1124864000 

32.2490310 

10.1315941 

.0009615385 

1041 

1083681 

1128111921 

32.2645316 

10.1348403 

.0(k)9606148 

1042 

1085764 

1131366088 

32.2800248 

10.1380845 

.0009596929 

1043 

1087849 

1134626507 

32.2965105 

10.141.3266 

.0009587738 

1044 

1089936 

1137893184 

32.3109888 

10.1445667 

.0009578544 

1046 

1092025 

1141166125 

32.3264598 

10.1478047 

.0009569378 

1046 

1094116 

1 144445336 

32.34192,33 

10.1510406 

.0009560229 

1047 

1096209 

1147730823 

32.3573794 

10.1542744 

.0009551098 

1048 

1098304 

1151022592 

32.3728281 

10.157.5062 

.0009541985 

1049 

1100401 

1154320649 

32.3882695 

10.1607359 

.0009532888 

1050 

1102500 

1157625000 

32.4037035 

10.1639636 

.0009523810 

1051 

1104601 

1160935651 

32.4191301 

10.1671893 

.0009514748 

1052 

1106704 

1164252608 

32.4345495 

10.1704129 

.0009605703 

1053 

1108809 

1167575877 

32.4499615 

10.1736344 

.0009496676 

1054 

1110916 

1170905464 

32.4653662 

10.1768539 

.0009487666 
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Measures  of  Length  25 

2.  WEIGHTS   AND   MEASUKES 

MeMures  of  Length 

xa  Indies  *  i  foot 

3  feet  —  T  yard      -        36  inches 

SH  ysrda  *  x  rod        -      198  inches  -      i6>^  feet 

40  rods  "  I  furlong  «   7  920  inches  «    660    feet «  2ao  yards 

8  furlongs  *  i  mfle       «  63  360  inches  «  s  280    feet »  i  760  yards  «  320  rods 

1 3rard  >-  0.0005682  of  a  mile 

GuNTEx^  Chain 

7.92  inches  «  i  link 
100      links    *  I  chain  «  4  rods  *  66  feet 
80      chains  >-  i  mile 

Ropes  and  Cables 
6  feet "  I  fathom        120  fathoms  «  i  cable's  length 

Table  Sbowing  Inches  BspreiMd  in  Dednuls  of  a  Foot 
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Weights  and  Measures 
DMinuU  BquivalentB  for  Fncdont  of 


Part  1 


aalnch 


yu 

H4 

Decimals 

Fne- 
tions 

Ha 

}U 

Deoiinalfl 

Fmo- 
tions 

1 

0.015626 

33 

0.515625 

1 

2 

0.03125 

17 

34 

0.53125 

3 
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Nautical  MeaBurea 

A  nautical  or  sea-mile  is  the  length  of  a  minute  of  longitude  of  the  earth  at 
the  equator  at  the  level  of  the  sea.    It  is  assumed  that  6086.07  ft »  1. 15 2664  ' 
statute  or  land-miles  by  the  United  States  Coast  Survey. 

3  nautical  miles  -  i  league 


MiBcellaneoua  MeaBores 


I  palm  B  3  inches 
I  hand  «  4  inches 


X  meter 


*  9  inches 
-  33809  feet 


Digitized  by 


Googk 


Surface,  Voluine  and  Cubic  Measures  27 

Measures  of  Smface 

X44  square  inches  ««  i  square  foot 

9  square  feet       «  i  square  yard  «  i  396  squa^  inches 
xoo  square  feet      *■  i  square  (architects'  measure) 

Land  Measuiie 

3icM  square  yards  «  i  square  rod 

40  square  rods  »  i  square  rood  «-  i  210  square  yards 

4  square  roods     I  "^  x  acre  »  4  840  square  yards 

10  square  chains   )  «  160  square  rods 

{640  acres  -  i  square  mile  >-  3  097  600  square  yards  ->  } 

loa  400  square  rods  «  a  560  square  roods  ) 

208.71  feet  square  «  i  acre 

A  SECTION  of  land  b  a  square  mile,  and  a  quarter>section  b  160  acres 

Measures  of  Volume 

I  gallon,  liquid  measure*  331  cubic  inches,  and  contains  8.339  avoirdupois 
pounds  of  dbtilled  water  at  39.8*  F.,  or  58  333  grains 

I  cubic  foot  contains  7.48  liquid  gallons,  or  6.438  dry  gallons 

I  gallon,  dry  measure  >-  368.8  cubic  inches 

I  bushel  (Winchester)  contains  3150.43  cubic  inches,  or  77.627  pounds  dis- 
tilled water  at  39.8*  F. 

A  heaped  bushel  contains  3747.715  cubic  inches 

Dry  Measure 

2  pints    «  I  quart  «  67.3  cubic  inches 
4  quarts  •  i  gallon  »    8  pints  »                               268.8  cubic  inches 

3  gallons  «  I  peck     «  16  pints  «    8  quarts  »  537.6  cubic  inches 

4  pecks    »  X  bushel  »•  64  pints  =32  quarts  «  8  gallons 

«  2150.42  cubic  inches 
X  cord  of  wood  «  128  cubic  feet 

Liquid  Measure 

4  giUs      "  I  pint       "  x6  fluid  oimces 

2  innts     »  T  quart     »    8  gilb  »  32  fluid  ounces 

4  quarts  »  i  gpdlon    -  33  giUs  -  8  pints  «  138  fluid  ounces 

In  the  United  States  and  Great  Britain  x  barrel  of  wine  or  brandy-  3xH 
gallons,  and  contains  4.31 1  cubic  feet. 

A  hogshead  b  63  gallons,  but  this  term  is  often  applied  to  casks  of  various 
capacities. 

Cubic  Measure 

1738  cubic  inches  «  i  cubic  foot 
37  cubic  feet     »■  x  cubic  yard 

In  MEASURING  WOOD,  a  pile  of  wood  cut  4  feet  long,  piled  4  feet  high,  and  8  feet 
on  the  ground,  making  138  cubic  feet,  is  called  a  cord. 

16  cubic  feet  make  one  cord-foot. 

A  perch  ov  stone  b  nominally  16H  feet  long,  i  foot  high  and  xH  feet  thick, 
and  contains  33f4  cubic  feet. 
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28  Weights  and  Measutes  Part  1 

A  perch  of  stone  is,  however,  often  computed  differently  in  different  localities; 
thus,  in  most  if  not  ail  of  the  States  and  Territories  west  of  the  Mississippi, 
stone-masons  figure  rubble  by  the  perch  of  x6Vi  cubic  feet.  In  Philadelphia, 
22  cubic  feet  are  called  a  perch.  In  Chicago,  stone  is  measured  by  the  cord  of 
loo  cubic  feet. 

A  TON  of  shipping  b  42  cubic  feet  in  Great  Britain  and  40  cubic  feet  in  the 
United  States. 

Fluid  Measure 

60  minims  »  i  fluid  drachm 

8  fluid  drachms  =  i  oimce 
16  ounces  -  i  pint 

8  pints  »  I  gallon 

MiaceOaneoua  Meaaurea 

Butt  of  Sherry   «  loS  gallons  Puncheon  of  Brandy  »  no  to  120  gallons 

Pipe  of  Port       ■■  115  gallons  Puncheon  of  Rum       »  100  to  no  gallons 

Butt  of  Malaga  «  105  gallons  Hogshead  of  Brandy  >-    55  to   60  gallons 

Puncheon  of  Scotch  Whiskey,  Hogshead  of  Claiet    «-   46  gallons 
«  I  xo  to  130  gallons 

Meaaurea  of  Weight 

The  standard  avoikdupois  pound  is  the  weight  of  27.7015  cubic  inches  of 
distilled  water  weighed  in  air  at  ag.Sa**  F.,  with  the  barometer  at  30  inches. 
It  contains  7  000  grains.    One  pound  avoirdupois  =»  1.2 153  pounds  troy. 

Avoirdupoia,  or  Ordinary  Commercial  Weight 

I  drachm  <-  37-343  grains 

16  drachms  »  x  ounce  (oz) 

x6  ounces  -  i  pound  Ob) 

xoo  pounds  -  I  hundredweight  (cwt) 

20  hundredweight  •-  i  ton 

In  collecting  duties  upon  foreign  goods  at  the  United  States  custom-houses, 
and  also  in  freighting  coal  and  selling  it  by  wholesale, 
28  pounds  ->  X  quarter 

4  quarters,  or  1x2  pounds  -  i  hundredweight 
20  hundredweight  -  i  long  ton  »  2  240  pounds 

A  stone  «  14  pounds 

A  quintal  *  100  pounds 

The  following  measures  are  sanctioned  by  custom  or  law:  x  bushel  *■  1.344 
cubic  feet  or  iH  cubic  feet,  nearly. 

32  pounds  of  oats  -  i  bushel 

45  pounds  of  Timothy-seed  «  x  bushel 


48  pounds  of  barley 

»  X  bushel 

56  pounds  of  rye 

-  1  bushel 

56  pounds  of  Indian  com 

-  X  bushd 

50  pounds  of  Indian  meal 

-  ibushd 

60  pounds  of  wheat 

-  t  busbd 

60  pounds  of  clover-seed 

-  I  bushel 

60  pounds  of  potatoes 

-  X  bushel 
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56  pounds  of  butter  m  x  firkin 

100  pounds  of  meal  or  flour   »  i  sack 
100  pounds  of  grain  or  flour  =  i  cental 
xoo  pounds  of  dry  fish  -  x  quintal 

xoo  pounds  of  nails  «  i  cask 

196  pounds  ol  flour  «>  i  band 

200  pounds  of  beef  or  pork    »  i  barrel 

80  pounds  of  lime  •■  i  bushel 

Troy  Weight 
Used  in  Weighing  Gold  ok  Silves 

24  grains  ^^  i  pennyweight  (pwt) 

20  pennjrweights  «  z  ounce  (oe) 

13  ounces  -  x  pound  (lb) 

A  CARAT  of  the  jewelers,  for  precious  stones,  is,  in  the  United  States,  3.2 
grains,  but  it  varies  according  to  different  authorities.  In  London,  3.17  grains, 
in  Paris,  3.18  grains  are  divided  into  4  jewelers'  grains.  The  international 
carat  b  3.168  grains  or  20s  milligrams.  In  troy,  apothecaries'  and  avoirdupois 
weights,  the  grain  is  the  same,  x  pound  tray  being  equal  to  0.82286  pound 
avoirdupois. 

Apothecaries'  Weight 

Used  in  Coicpounding  Medicines  and  in  Putting  Up  Medical 
PsEscRirnoNS 

20  grains  (gr)  =  i  scruple  (3)  8  drachms  -  i  ounce  (oz) 

3  scruples      -  i  drachm  (3)  12  ounces    *  i  pound  (lb) 

MeaeareB  of  Value 

United  States  Standard 

10  mills  ■-  I  cent  10  dimes    >  x  dollar 

10  cents  a  X  dime  10  dollars  »  i  eagle 

The  standard  of  gold  and  sOver  is  900  parts  of  pure  metal  and  100  of  alloy 
in  X  000  parts  of  coin. 

The  fineness  expresses  the  quantity  of  pure  metal  in  i  000  parts. 

The  REMEDY  OP  TSE  MINT  is  the  allowance  for  deviation  from  the  exact  stand- 
ard fineness  and  weight  of  coins. 

Weights  of  Coins 


Double  eagle 

-S16 

troy  grains 

Eagle 

-258 

troy  grains 

Dollar  (gold) 

-    25.8 

ttoy  grains 

Dollar  (silver) 

-4".s 

Half-<iollar 

«  192 

troy  grains 

5-cent  piece  (nickel) 

■■    77.16  troy  grains 

3-cent  piece  (nickel) 

-    30 

troy  grains 

Cent  (bronze) 

.    48 

troy  grains 
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30  Weights  and  Measures  Part  1 

Measures  of  Time 

60  seconds  -•  z  minute  365  days  «  i  common  year 

60  minutes  «  i  hour  366  days  »  i  leap-year 

24  hours      -  I  day 

A  SOLAS  DAY  is  measured  by  the  rotation  of  the  earth  upon  its  axis,  with  respect 
to  the  sun. 

In  ASTRONOMICAL  COMPUTATIONS  and  in  NAUTICAL  TIME  the  day  commences  at 
noon,  and  in  the  former  it  is  counted  throughout  the  24  hours. 

In  CIVIL  COMPUTATIONS  the  day  conmiences  at  midnight,  and  is  divided  into 
two  parts  of  xa  hours  each. 

A  SOLAS  YEAS  is  the  time  in  which  the  earth  makes  one  revolution  around  the 
sun.  Its  average  time,  called  the  mean  solar  year,  is  365  days,  5  hours, 
48  minutes  and  49.7  seconds,  or  nearly  365V4  da3rs. 

A  mean  lunar  month,  or  lunation  of  the  moon,  is  29  days,  1 2  hours,  44  min- 
utes, 2  seconds  and  5.24  thirds.    It  is  equal,  on  the 'average,  to  29.53  days. 

The  Calendar,  Old  and  New  Style 

The  Julian  Calendar  was  established  by  Julius  Caesar,  44  B.C.,  and  by  it  one 
day  was  inserted  in  every  fourth  year.  This  was  the  same  thing  as  assuming 
that  the  length  of  the  solar  year  was  365  days  and  6  hours,  instead  of  the  value 
given  above,  thus  introducing  an  accumulative  error  of  11  minutes  and  12  sec- 
onds every  year.  This  calendar  was  adopted  by  the  church  in  325  aj).,  at  the 
Council  of  Nice.  In  the  year  1582  the  annual  error  of  1 1  minutes  and  1 2  seconds 
had  amounted  to  xo  days,  which,  by  order  of  Pope  Gregory  XIII,  was  suppressed 
in  the  calendar,  and  the  $th  of  October  reckoned  as  the  15th.  To  prevent  the 
repetition  of  thb  error,  it  was  decided  to  leave  out  three  of  the  inserted  days 
every  400  years,  and  to  make  this  omission  in  the  years  which  are  not  exactly 
divisible  by  400.  Thus,  of  the  years  1700,  zSoo,  1900  and  2000,  all  of  which 
are  leap-years  according  to  the  Julian  Calendar,  only  the  last  b  a  leap-year 
according  to  the  Reformed  or  Gregorian  Calendar.  This  Reformed  Calendar 
was  not  adopted  by  England  until  1752,  when  xi  days  were  omitted  from  the 
calendar.  The  two  calendars  are  now  often  called  the  Old  Style  and  the  New 
Style.  The  latter  style  is  now  adopted  in  every  Christian  country  except 
Russia. 

Circular  and  Angular  Measures 

Used  for  Measuring  Angles  and  Arcs,  and  for  Determining  Lati- 
tude AND  LoNorruDE 
60  seconds  (")  -  i  minute  (') 

60  minutes        »■  i  degree  (**) 

360  degrees         «  i  circumference  (C) 

The  SECOND  is  usually  subdivided  into  tenths  and  hundredths. 
A  MINUTE  of  the  circumference  of  the  earth  is  a  geographical  mile. 
The  DEGREES  of  the  earth's  circumference  on  a  meridian  average  69.16  com- 
mon miles. 

The  Metric  System 

The  METRIC  SYSTEM  is  a  system  of  weights  and  measures  based  upon  a  unit 
called  a  meter. 

The  METER  was  intended  to  be  one  ten-millionth  part  of  the  distance  from  the 
equator  to  either  pole,  measured  on  the  earth's  surface  at  the  levd  of  the  sea. 
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Tbe  NAMES  of  derived  metric  denominatioiis  are  fanned  by  piefiziiig  to  the 
BJJBe  of  the  primary  unit  of  measure: 

Mflli,  a  thousandth  Hecto^  one  hundred 

Centi,  a  hundredth  Kilo,  a  thousand 

Ded,  a  tenth  Myria,  ten  thousand 

Deca»  ten 

This  system,  first  adopted  by  France,  has  been  extensively  adopted  by  other 
countries*  and  is  much  used  in  the  sciences  and  the  arts.  It  was  legalized  in 
1866  by  Congress  to  be  used  in  the  United  States,  and  is  aheady  em^loyed  by 
the  Coast  Survey,  and,  to  some  extent,  by  the  Mint  and  the  General  Post* 

Office. 

Linear  Measures 
Tbe  METER  is  the  primary  unit  of  lengths. 

10  millimeters  (mm)  »  i  centimeter  (cm)  «  0.3937  inch 

xo  centimeters  -  i  decimeter  (dm)  »  3-937  inches 

10  decimeters  -  1  meter  (m)  -  39.37  inches 

10  meters  «  j  decameter  » 393-37  inches 

10  decameters  »  i  hectometer  «  328  feet  x  inch 

xo  hectometers  «  i  kilometer  (km)  »  0.62137  mile 

xo  kilometers  ■>  i  myriameter  «>  6.2137  miles 

The  meter  b  used  in  ordinary  measurements;  the  centimeter,  or  miixi« 
METER,  in  reckoiung  very  small  distances;  and  the  kilometer,  for  roads  or 
great  distances. 

A  CENTIMETER  b  about  H  of  an  inch;  a  meter  b  about  3  feet  3H  inches;  a 
kilometer  b  about  200  rods,  or  H  of  a  mile.    (See  page  33.) 

Measures  of  Surface 

The  SQUARE  meter  b  the  primary  unit  of  ordinary  surfaces. 
The  ARE,  a  square,  each  of  whose  sides  is  ten  meters,  b  the  unit  of  land 
measures. 
100  square  millimeters  (mm*)  >-i  square  centimeter  (cm*)  ao.155  square  inch 
xoo  square  centimeters  «*  i  square  decimeter  =15.5  square  inches 
100  square  decimeters  «  i  square  meter  (m*)  •  i  550  square  inches,  or  x.196 

square  srarda 
xoo  centiares,  or  square  meters  »  i  are  (a)  «  119.6  square  yards 

xoo  ares  -  i  hectare  (ha)        -  2.471  acres 

A  SQUARE  METER,  or  oue  CENTiARE,  b  about  loH  square  feet,  or  xH  square 
yards,  and  a  hectare  b  about  2H  acres. 

Cubic  Measure 

Tlie  CUBIC  meter,  or  stere,  b  the  primary  unit  of  a  volume. 
X  000  cubic  millimeters  (mm*) «  x  cubic  centimeter  (cm*)  -  0.061  cubic  inch 
1 000  cubic  centimeters  -  i  cubic  decimeter  (dm*)  «  61.022  cubic  inches 
X  000  cubic  decimeters  «  z  cubic  meter  (m*)  -  35.314  cubic  feet 

The  STERE  is  the  name  given  to  the  cubic  meter  in  measuring  wood  and  timber. 
A  tenth  of  a  stere  b  a  oecistere,  and  ten  steies  are  a  decastere. 
A  CUBIC  MEIER,  or  STBRE,  b  about  iVi  cubic  yards,  or  about  2}i  cord  feet. 
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Liquid  and  Dry  Measures 

The  LITER  is  the  primary  unit  of  measures  of  capacity,  and  is  a  cube,  each  of 

whose  edges  is  a  tenth  of  a  meter  in  length. 
The  HECTOLITER  is  the  unit  in  measuring  large  quantities  of  grain,  fruits^ 

roots  and  liquids. 

lo  milliliters  (ml)  -  i  centiliter  (d)        «  0.338  fluid  ounce 
10  centiliters  -  i  deciliter  «■  0.645  liquid  gill 

10  deciliters  »  i  liter  (1)  «  1.0567  liquid  quarts 

lb  liters  «>  i  decaliter  «  2.6417  gallons 

10  decaliters  •-  i  hectouter  (hi)  -  2  bushels,  3.35  pecks 

10  hectoliters         -  i  kiloliter  -  28  bushels,  i^i  pecks 

A  centiliter  is  about  H  of  a  fluid  ounce;  a  liter  is  about  iHt  liquid  quarts, 
or  9io  of  a  dr>'  quart;  a  hectoliter  is  about  2H  bushels;  and  a  kilouter  is 
one  cubic  meter,  or  stere. 

Weights 

The  gram  is  the  primary  unit  of  weights,  and  is  the  weight  in  a  vacuum  of  a 
cubic  centimeter  of  distilled  water  at  the  temperature  of  39.2°  F. 
10  milligrams  (mg)  »  i  centigram  (eg)   «       0.1543  troy  grain 
10  centigrams  =  i  decigram  (dg)    -        1 .543    troy  grains 

10  decigrams  -  i  gram  (g)  -      1543 2    troy  grains 

10  grams  -»  i  decagram  «»       0.3527  avoirdupois  ounce 

10  decagrams  -»  i  hectogram  =       3-5274  avoirdupois  ounces 

10  hectograms         -  i  kilogram  (kg)   =       2.2046  avoirdupois  pounds 
10  kilograms  =  1  myriagram  =      22.046    avoirdupois  pounds 

10  myriagrams         ■»  i  quintal  (q)  =»    220.46      avoirdupois  pounds 

10  quintals  -»  i  tonne au  (t)       =  2204.6       avoirdupois  pounds 

I  kilogram  per  kilometer     »  0.67195  pound  per  i  000  feet 
I  pound  per  thousand  feet «  1.4882  kilograms  per  kilometer 
z  kilogram  per  square  millimeter  =  i  423  pounds  per  square  inch 
I  pound  per  square  inch  -  0.000743  kilogram  per  square  millimeter 

The  GRAM  is  used  in  weighing  gold,  jewels,  letters  and  small  quantities  of 
things.  The  kilogram,  or,  for  brevity,  kilo,  is  used  by  grocers;  and  the 
tonneau,  or  METRIC  TON,  is  used  in  finding  the  weight  of  very  heavy  articles. 

A  gram  is  about  15H  grains  troy;  the  ktlo  about  2\i  pounds  avoirdupois; 
and  the  metric  ton,  about  2  205  pounds. 

A  KILO  is  the  weight  of  a  liter  of  water  at  its  greatest  density;  and  the  metric 
ton,  of  a  cubic  meter  of  water. 

Metric  numbers  are  written  with  the  decimal  point  (.)  at  the  rij;ht  of  the 
figures  denoting  the  unit;  thus  the  expression,  15  meters  3  centimeters,  is 
written,  15,03  m. 

When  metric  numbers  are  expressed  by  figures,  the  part  of  the  expression  at 
the  left  of  the  decimal  point  is  read  as  the  number  of  the  unit,  and  the  part  at 
the  right,  if  any,  as  a  numl>er  of  the  lowest  denomination  indicated,  or  as  a 
decimal  part  of  the  unit;  thus,  46.525  m  is  read  46  meters  and  525  millimeters, 
or  46  and  525  thousandths  meters. 

In  writing  and  reading  metric  numbers,  according  as  the  scale  is  10.  100  or 
I  000,  each  denomination  should  be  allowed  one,  two  or  three  orders  of  figures. 

Metric  Conversion  Table 

The  following  metric  conversion  table  has  been  compiled  by  C.  W.  Hunt, 
and  is  most  convenient  in  dealing  with  metric  weights  and  measures: 
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MilliiiietasX  oj06937 

Millimeters -f-  25-4 

Centimeters  X  0.3937 

Centimeters  +  2.54 

Meters  X  39-37 

Meters  X3-28i 

Meters  X  1.094 

Kikuneters  X  0.621 

Kilometers  4-  1.6093 

Kilometexsx  3280.7 

Square  millimeters  X  0.0155 

Square  millimeters  -h  645.x 

Square  centimeters  X  0.155 

Square  centimeters  -^  6.451 

Square  meters  X  10.764 

Square  kilometers  X  247.1 

Hectares  X  2.471 

Cubic  centimeters  -!-  16.383 

Cubic  centimeters  -»-  3.69 

Cubic  centimeters  -1-  29.57 

Cubic  meters  X  35.315 

Cubic  meters  X  1.308 

Cubic  meters  X  264.2 

Liters  X  61  x>22 

liters X  3384 

Liters  Xa2642 

Liters  -i-  3.78 

Liters -I-  28.316 

Hectoliters  X  3-531 

Hectoliters  X  2.84 

Hectoliters  X  o.  13 1 

Hectoliters  X  26.42 

GramsX  15-432 

Grams  X  981 

Grams  (water)  +  29.57 

Grams -&-  28.35 

Gruns  per  cubic  centimeter  -s-  27.7 

Joule  X  0.7373 

Kilograms  X  2.2046 

Kilograms  X  35-3 

Kilograms -s-  1 102.3 

Kilograms  per  sq  cm  X  14.223 

Kilogrammeters  X  7.233 

Kilograms  per  meter  X  0.672 

Kilograms  per  cubic  meter  X  0.062 

Kilograms  per  cbeval-vapeur  X  2.235 

Kilowatts  X  1.34 

Watts +746 

Watts +0.7373 

Calorie  X  3968 

Cheval-vapeurX  0.9863 

(Centigrade  X  i.8)  +  3a 

Francs  X  0.193 

Gravity.  Pans 


■  inchcfi 

>  inches 

>  inches 

>  inches 

>  inches  (Act  of  Congress) 
.feet 

'  yards 
'  miles 

•  miles 
-feet 

>  square  inches 

•  square  inches 

■  square  inches 

■  square  inches 
« square  feet 

•  acres 

>  acres 

i  cubic  inches 

'  fluid  drachms  (U.S.  PharmaGOpoeia) 

>  fluid  ounce.    (U.S.  Phftrmacopoeia) 
=  cubic  feet 

'  cubic  yards 

B  gallons  (231  cubic  inches) 

.  cubic  inches.    (Act  of  Congress) 

•  fluid  ounces.  (U.S.Pharmacopceia) 

>  gallons  (231  cubic  inches) 

>  gallons  (231  cubic  inches) 
.  cubic  feet 

•  cubic  feet 

s  bushels  (2  150.42  cubic  inches) 

•  cubic  yards 

>  gallons  (231  cubic  inches) 

>  grains.    (Act  of  (ingress) 
B  dynes 

>  fluid  ounces 

>  ounces  avoirdupois 

>  pounds  per  cubic  inch 

>  foot-pounds 

>  pounds 

>  ounces  avoirdupois 
'  tons  (2  000  pounds) 

-  pounds  per  square  inch 
'  foot-pounds 
«  pounds  per  square  foot 
'  pounds  per  cubic  foot 

■  poimds  per  horse-power 

>  horse-power 

■  horse-power 

I  foot-pounds  per  second 

.  British  thermal  units  (B.T.U.) 

«  horse-power 

a  degrees  Fahrenheit 

>  dollars 
»  980.94  centimeter  per  second 
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Weights  and  Measures 


Part   1 


Scripture  and  Andent  Measures  and  Weights 

Scripture  Long  Meunres 
Inches  Peet       Inches 

Digit  -  0.91a  Cubit  » i       9.888 

Pahn  -   3.648  Fathom  -7        3.552 

Span  •- 10.944 

Egyptian  Long  Measures 
Nahud  cubit  -  z  foot  5.71  inches         Royal  cubit «  i  foot  8.66  inches 


Digit 

Pous  (foot) 
Cubit 


Cubit 


Grecian  Long  Measures 
Peet       Inches 

*■           0.7554  Stadium 

■«  I        0.0875  Mile' 
- 1        1.S984H 

Jewish  Long  Measures 

-  1.824  feet  Mile 


Peet 
>  604 
•4835 


Inches 
45 


Sabbath-day's  journey  «  3  648  feet        Day's  journey 


«  7  296  feet 
-  33.164  miles 


Digit 

Unda  (inch) 
Pes  (foot) 


Arabian  foot 
Babylonian  f<x)t 
Egyptian  finger 


Roman  Long  Measures 

Inches 
-    0.7257s  Cubit 

»    0.967  Passus 

•■  11.604  Miiie  (millarium) 

Roman  Weight 
Ancient  libbra  -  0.7094  pound 

Miscellaneous 
Peet 
-1.09s 

-  X.140 

-  0.0614s 


Peet  Inches 
I         S.406 

4  10.02 
•484a 


Hebrew  foot 
Hebrew  cubit 
Hebrew  sacred  cubit 


Peet 

—  1.212 
••  X.817 

-  2.002 


Metric  Conversion  Tables.  This  and  the  following  table  from  Moles- 
worth's  Metrical  Tables  will  be  found  of  great  convenience  in  figuring  plans 
to  be  executed  in  Mexico  and  other  countries  using  the  metric  system. 

Peet  Converted  mto  Meters 


Feet 

0 

1 

2 

3 

4 

0 
10 
20 
30 
40 

50 
60 
70 
80 
90 

0.304794 
3.35274 
6.40068 
9.44863 
12.4966 

15.5445 
18.5925 
21.6404 
24.6884 
27.7363 

0.609589 
3.65753 
6.70648 
9.75342 
12.8014 

15.8493 
18.8973 
21.9452 
24.9931 
28.0411 

0.914383 
3.96233 
7.01027 
10.0582 
13.1062 

16.1541 
19.2020 
22.2500 
25.2979 
28.3459 

1.21918 
4.26712 
7.81507 
10.3680 
13.4110 

16.4589 
19.5068 
22.5548 
25.6027 
28.6507 

3.047M5 
6.096890 
9.143835 
12.19178 

15.23972 
18.28767 
21.33561 
24.38356 
27.43150 
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3.  GEOMETRY  AND  MENSUBATION 

Definitions 

A  POINT  is  that  which  has  only  position. 

A  PLANE  is  a  surface  in  which,  any  two  points  being  taken,  the  straight  line 
joining  them  will  be  wholly  in  the  surface. 
A  CURVKD  UNE  is  a  line  of  which  no  part  is  straight  (Fig.  1). 


Fig.  1.    Curved  Line 


Fig.  2.    PanJId  Uiies 


Fig.  3.    Angles 


Parallel  lines  are  such  as  are  wholly  in  the  same  plane,  and  have  the  same 
direction  (Fig.  2). 

A  BROKEN  UNE  b  a  line  composed  of  a  series  of  dashes;  thus, . 

An  ANGLE  is  the  opening  between  two  lines  meeting  at  a  point,  and  is  termed 
a  RIGHT  ANGLE  when  the  two  lines  are  perpendicular  to  each  other,  an  acute 
ANGLE  when  it  is  less  or  sharper  than  a  right  angle,  and  an  obtuse  angle  when 
it  is  greater  than  a  right  angle.    Thus,  in  Fig.  3, 
A  A  A  A  axe  acute  angles, 
ooooare  obtuse  ancles  and  R  R  R  Rtse  rigbt  angles. 

Polygons 

A  polygon  is  a  portion  of  a  plane  bounded  by  straight  lines. 
A  isiANOLE  is  a  polygon  of  three  sides. 

A  SCALENE  TRIANGLE  has  none  of  its  sides  equal;  an  isosceles  triangle  has 
two  of  its  sides  equal;  an  equilateral  trlangle  has  all  three  of  its  sides  equal. 


Hg.  4.    Right-Angied  Triaagle 


Fig.  6.    laoaccles  Triangle 


Fig.  7.    Equilateral  Triangle 


A  rigbt-angled  triangle  is  one  which  has  a  right  angle.  The  side  opposite 
the  right  angle  is  called  the  HYPOTHEr>ru5E;  the  side  on  which  the  triangle  is 
supposed  to  stand  is  called  its  base  and  the  other  side,  its  altitude.' 
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A  QUADRILATERAL  U  a  polygOD  of  CoUT  SldcS. 

Quadrilatecab  are  divided  into  classes,  as  follows:  the  trapezium  (Fig.  8). 
which  has  no  two  of  its  sides  parallel;  the  trapezoid  (Fig.  9).  which  has  two  of 
its  sides  pacallel;  and  the  parallelogram  (Fig.  10).  which  is  bounded  by  two 
paicBol  parallel  sides. 


F%.&    Tnpeaum 


Fig.  0.    Trapeaoid 


Fig.  10.    Parallelogram 


A  paraHelogram  whose  sides  are  not  equal  and  whose  angles  are  not  right 
angles  is  called  a  rhomboid  (Fig.  11);  when  the  sides  are  all  equal,  but  the 
aag^  are  not  right  angles,  it  is  called  a  rhombus  (Fig.  12),  and  when  the  angles 
are  right  angles,  it  is  called  a  rectangle  (Fig.  13).  A  rectangle,  all  of  whose 
sdes  are  equal,  is  called  a  square  (Fig.  14).  Polygons,  all  of  whose  sides  are 
e^ual,  are  called  regular  polygons. 


/ 


7/ 


Fig.  n. 


Fig.  12. 
Rhombus 


Fig.  U 


Fig.  14. 
Square 


Besides  the  square  and  equilateral  triangles,  there  are:  the  pentagon  (Fig.  15), 
which  has  five  sides;  the  hexagon  (Fig.  16),  which  has  six  sides;  the  heptagon 
(Fig.  17),  which  has  seven  sides;  and  the  octagon  (Fig.  18),  which  has  eight 
sides. 


Fig.  17. 
Heptagon 


Fig.  18. 
Octagoa 


The  SNNEAGON  QT  nonagon  has  nine  sides;  the  decagon  has  ten  sides;  and 
the  DODECACON  has  twelve  sides. 

For  all  polygons,  the  side  upon  which  it  is  supposed  to  stand  is  called  its 
basb;  the  perpendicular  distance  from  the  highest  side  or  angle  to  the  base 
(prc4cK]ged,  if  necessary)  b  called  the  altitude;  and  a  line  joining  any  two 
la^es  not  a4}acent  is  called  a  diagonal. 

A  perimeter  is  the  bounding  line  ol  a  plane  figure. 

A  CIRCLE  is  a  portion  of  a  plane  bounded  by  a  curve,  all  the  points  of  which 
are  eqtddistant  from  a  point  within,  called  the  center  (Fig.  19). 

The  dRCUMFERENCE  IS  the  curve  wfaidi  bounds  the  circle. 

A  radius  is  any  straight  line  drawn  from  the  center  to  the  drcumference. 

Any  straight  line  drawn  through  the  center  to  the  drcumference  on  each  side 
b  called  a  diameter. 
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An  ARC  of  a  drde  is  any  part  of  its  circumference. 

A  CHORD  b  any  straight  line  joining  two 
points  of  the  circumference,  as  bd,  Fig.  19. 

A  SEGMENT  is  a  portion  of  the  circle 
included  between  the  arc  and  its  chord,  as 
A,  Fig.  19. 

A  SECTOR  \s  the  space  included  between 
an  arc  and  two  radii  drawn  to  its  ex- 
tremities, as  B,  Fig.  19.  In  the  figure,  ab 
is  a  radius,  cd  a  diameter  and  db  a  chord 
SUBTENDING  the  arc  bed.  A  tangent  is  a 
right  line  which  in  passing  a  curve  touches 
Fig.  19.    Circle  and  Parts  without  cutting  it,  as/j?.  Fig.  19. 

Volumes 

A  PRISM  is  a  volume  whose  ends  are  equal  and  parallel  polygons  and  whose 
sides  are  parallelograms. 

A  prism  is  triangular,  rectangular,  etc.,  according  as  its  ends  are  tri- 
angles, rectangles,  etc. 

A  CUBE  is  a  rectangular  prism  all  of  whose  sides  are  squares. 

A  CYLINDER  is  a  volume  of  imiform  diameter,  bounded  by  a  curved  surface 
and  two  equal  and  opposite  parallel  circles. 

A  PYRAMID  b  a  volume  whose  base  b  a  polygon  and  whose  sides  are  triangles 
meeting  in  a  point  called  the  vertex.  A  p3rramid  is  triangular,  quadrangular, 
etc.,  according  as  its  base  b  a  triangle,  quiidrilateral,  etc. 

A  CONE  b  a  volume  whose  base 
b  a  drde,  from  which  the  remain- 
ing surface  tapers  uniformly  to  a 
point  or  vertex  (Fig.  20). 

A  CONIC  SECTION  b  the  plane 
figure  made  by  a  plane  cutting  a 
cone. 

An  ELLIPSE  b  the  section  of'  a 
cone    cut    by    a    plane    passing 
obliqudy  through  both  sides,  as  at    « 
ab,  Fig.  21. 

A  PARABOLA  is  a  section  of  a  Fijt  20  F*    21 

cone  cut  by  a  plane  paralld  to  its  Cone '  Cone  with1ecti;m.lines 

side,  as  at  cd. 

A  HYPERBOLA  b  a  section  of  a  cone  cut  by  a  plane  making  a  greater  angle 
with  the  base  than  that  made  by  the  side  of  the  cone,  as  at  eh. 

In  the  ellipse,  the  transverse  axis,  or  long  diameter,  is  the  longest  line 
that  can  be  drawn  in  it.  The  conjugate  axis,  or  short  diameter,  b  a  line 
drawn  through  the  center  at  right-angles  to  the  long  diameter. 

A  FRUSTUM  OF  A  PYRAMID  or  CONE  b  that  which  remains  after  cutting  off  the 
upper  part  of  it  by  a  plane  parallel  to  the  base. 

A  sphere  is  a  volume  bounded  by  a  curved  surface,  all  points  of  which  are 
equidistant  from  a  point  within,  called  the  center. 

Mensuration  treats  of  the  measurement  of  lines,  surfaces  and  volumes. 

Rules 
To  comimte  the  area  of  a  square,  a  rectangle,  a  rhomhoi  or  a  rhomboid. 
Rule.     Multiply  the  length  by  the  breadth  or  height.    Thus,  in  Figs.  22,  23 
or  24,  the  area  '*  abxbc. 
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F«.22.    Square 


Fig.  23.    Rectangle 


Fig.  34.    Panllebgnm 


To  convot*  tbe  area  of  a  triangle. 

Kale    Multiply  the  base  by  the  altitude  and  divide  by  a.    Thus,  in  Fig.  25, 

the  area  of  oAc  a 

2 

To  find  tbe  lencth  of  the  hjpotheniise  of  a  right-angled  triangle  when  both 


Snia.  Square  the  length  of  each  of  the  sides  making  the  right  angle,  add 
thdr  squares  together  and  take  the  square  root  of  their  sum.  Thus  (Fig.  26), 
the  length  of  o^  •-  3,  and  of  df  »  4;  then 

fl*-3X3-^  +  (4X4)-9  +  i6-2S 
VaJ  -  5,    or    ab"  s 

To  Had  flia  leagth  of  the. base  or  altitodo  of  a  right-angled  triangle  when 
the  length  of  tiie  fajpotfaenvso  end  one  side  is  known. 

Ralo.  From  the  square  of  the  length  of  the  hypothenuse  subtract  the  square 
of  the  length  of  the  other  side  and  take  the  square  root  of  the  remainder. 

To  find  Oa  area  of  a  trapadttm  (Fig.  ST). 


Fig.  25. 
Scalene  Triangle 


Fig.  28. 
Right-angled  Triangle 


Sale.    Multiply  the  diagonal  by  the  sum  of  the  two  perpendiculars  falling 
opon  it  from  the  opposite  angles  and  divide  the* product  by  2.    Thus, 

abXice-^di) 


To  find  the  area  of  a  ttapezoid  (Fig.  28). 

Rale.  Multiply  the  sum  of  the  two  parallel  sides  by  the  perpendicular  dis- 
tance between  them  and  divide  the  product  by  2. 

To  umiwla  the  area  of  an  iiragnlar  polygon. 

Ride.  Divide  the  polygon  into*  triangles  by  means  of  diagonal  lines  and  then 
idd  together  the  areas  of  all  the  triangles,  as  il,  B  and  C  (Fig.  29X- 
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To  find  the  aroft  of  a  regular  pdyg on. 

Rule.  Multiply  tifie  length  of  a  side  by  the  perpendicular  disi 
center  (as  ao.  Fig.  30).  multiply  that  product  by  the  number  of  side 
the  result  by  2. 


Fig.  28.    Trapezoid        Fig.  29.    Irregular  Polygon    Fig.  30.    Regul 

To  compute  the  area  of  a  regular  polygon  when  the  length,  on 
is  given. 

Rule.  Multiply  the  squ&re  of  the  side  by  the  multiplier  opposite 
the  polygon  in  column  A  of  the  following  table: 


Name  of  polygon 

Number 
of  aides 

A 

Factor  for 
area 

B 

Factor  (or 

radius  of 

circum- 

aoribing 

circle 

C 

Factor  for 
length  of 
the  sides 

Triangle 

3 
7 

0.433013 

1 

1.720477 

2.598076 

3.633912 

4.828427 

6.181824 

7.694209 

9.36564 

0.5773 

0.7071 

0.8506 

1 

1.1524 

1.3066 

1.4619 

1.618 

l.n47 

1.9319 

1.732 

Tetragon 

« 1.4142 

Pentagon 

1.1756 

Hexagon 

1 

Heptagon , . . 

0.8677 

Octagon 

0.7653 

Nonagon 

0.684 

Dffcagon 

0.618 

Undecagon 

0.5634 

Dodecagon^ 

11.196152 

0.5176 

To  compute  the  radius  of  a  circle  circumscribed  about  a  regular  i 
the  length,  only,  of  a  side  is  given. 

Rule.  Multiply  the  length  of  a  side  of  the  polygon  by  the  numb 
B  of  table. 

Example.  What  is  the  radius  of  a  circle  that  will  contain  a  \ 
length  of  one  side  being  5  in? 

Solution.     5  X  I  «  S  in. 

To  compute  the  length  of  a  side  of  a  regular  polygon  inscribe 
circle,  when  the  radius  of  the  circle  is  given. 

Rule.  Multiply  the  radius  of  the  circle  by  the  number  opposite 
the  polygon  in  column  C  of  table. 

Example.  What  is  the  length  of  the  side  of  a  pentagoo  contain 
8  ft  in  diameter? 

Solution.    8  ft  diameter -h  2  »  4  f t  radius;  4  X  x.1756  »  4.7024  i 
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To  campute  the  length  of  a  side  of  a  regular  polygon,  when  the  radios  of  the 
bicribed  drde  is  gtren. 

Role.  Divide  the  radius  of  the  inscribed  cirde  by  the  number  opposite  the 
QSBie  of  the  polygon  in  column  D  of  table. 

To  ceapote  tbe  radivs  of  a  drde  that  can  be  inscribed  in  a  given  regolsr 
poifgon.  when  the  lciic;th  of  a  side  is  given. 

Role.  Multiply  the  length  of  a  side  of  the  polygon  by  the  number  opposite 
tbe  name  of  the  polygon  in  column  D. 

Bmaple.  What  b  the  radius  of  the  drde  that  can  be  inscribed  in  an  octagon, 
the  length  of  one  side  being  6  in  ? 

Sointioa.     6x  1.2071  »  7.2436  in. 

Cirdes 

To  HMB|Mle  the  circmnf  erence  of  a  drde. 

Rote.  Multiply  the  diameter  by  3.1416.  For  many  purposes,  the  multiplier 
34  gives  sufficiently  accurate  results. 

What  is  the  circumference  of  a  drde  7  in  in  diameter? 
7  X  3.1416  =  21.9912  in,  or  7  X  3H  ="  22  in,  the  error  in  this  last 
result  bdng  0.0088  in. 

To  And  the  diameter  of  a  drde  when  the  ciroimf  erence  is  given. 

Bale.  Divide  the  drcumference  by  3.1416,  or  for  a  very  close  approximate 
resjh,  multiply  by  7  and  divide  l^  22. 

To  find  the  radius  of  an  ore  when  the  chord  and  rise  or  versed  sine  are  given. 

Sole.    Square  one-half  the  chokd  and^thc  kise; 
dhnde  the  sum  of  these  squares  by  twice  the  rise;  the  5 

result  will  be  the  radius. 

SnmpU.    The  length  of  the  chord  ac,  Hg.  31,  is  48 

in,  and  the  rise,  bo,  is  6  in.    What  is  the  radius  of  the 

"^'  Fig.    31.     Circular    Arc. 

«:a.*u-      t>«^..<      *^'-^^<^      24'+6»  Choni  and  Rise 

onmaom.    Radius  — ; —  >•  »•  51  m 

200  12 

To  find  the  nse  or  versed  sine  of  a  circnlar  arc,  when  the  chord  and  radius 
lie  given. 

Itola.    Square  the  radius;    also  square  one-half  the  chord;    subtract  the 
latter  from  the  former  and  take  the  square  root  of  the  remainder.    Subtract 
tbe  result  from  the  radius  and  the  remainder  will  be  the  rise. 
Examfle.    A  given  arc  has  a  radius  of  51  in  and  a  chord  of  48  in.    Wbat  is 

the  rise?  _______ 

Ssisliaa.    Rise  »  radius  -  Vradius' - Hchord*-  51  -  V2  601  -  576  =  51-45 

«-  6  in-  rise 
To  compute  the  area  of  a  dide. 

Raie.  Multiply  the  square  of  the  diameter  by  0.7854,  or  multiply  the  square 
d  the  radius  of  3.1416. 

What  is  the  area  of  a  drde  10  in  in  diameter? 

10  X  10  X  0.7854  -  78.54  sq  in,  or  5  X  5  X  3.1416  =  78.54  sq  in. 

Tables  of  Areas  and  Circtunferences  of  Cirdes 
The  following  tables  will  be  found  very  convenient  for  finding  the  drcum- 
feraces  and  areas  of  drdes.  ^  . 

Digitized  by  VjOOQIC 
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Geometry  and  Mensuration 


Part  1 


AreM  and  Circumferencet  of  Circles 
For  dkuneten  from  Ho  to  loo,  advancing  by  tenths 


Dia. 

0.0 
.1 
.2 
.3 
.4 

Area 

Qraum. 

Di». 

Area 

Circuin. 

Dia. 

Am 

drouni. 

0.007854 
0.031416 
0.070086 
0.12566 

0.31416 
0.62832 
0.94248 
1.2566 

5.0 
.1 
.2 
.3 
.4 

19.6350 
20.4282 
21.2372 
22.0618 
22.9022 

15.7080 
16.0221 
16.3363 
16.6504 
16.9640 

10.0 
.1 
.2 
.3 
.4 

78.5398 
80.1185 
81.7128 
83.3229 
84.9487 

31.4159 
31.7301 
32.0442 
32.3584 
32.6726 

.6 

.6 
.7 
.8 
.9 

0.19635 
0.28274 
0.38485 
0.50266 
0.63617 

1.5708 
1.8850 
2.1991 
2.5133 
2.8274 

i 

.7 
.8 
.9 

23.7583 
24.6301 
25.5176 
26.4208 
27.3397 

17.2788 
17.5929 
17.9071 
18.2212 
18.5354 

.5 

:? 

.8 
.9 

86.5901 
88.2478 
89.9202 
91.0088 
93.3132 

32.9867 
33.3009 
33.6150 
33.9292 
34.2434 

1.0 
.1 
.2 
.3 
.4 

0.7854 
0.9503 
1.1310 
1.3273 
1.5394 

3.1416 
3.4558 
8.7699 
4.0841 
4.3982 

6.0 
.1 
.2 
.3 
.4 

28.2743 
29.2247 
30.1907 
31.1725 
82.1699 

18.8496 
19.1637 
19.4779 
19.7920 
20.1062 

11.0 
.1 
.2 
.3 
.4 

95.0332 
96.7689 
98.5203 
100.2875 
102.0708 

34.5575 
84.8717 
35.1858 
35.5000 
35.8142 

.6 

.6 
.7 
.8 
.9 

1.7671 
2.0106 
2.2608 
2.5447 
2.8353 

4.7124 
5.02G5 
5.3407 
5.6549 
5.9690 

.5 
.6 
.7 
.8 
.9 

33.1831 
34.2119 
35.2565 
36.3168 
37.3928 

20.4204 
20.7345 
21.0487 
21.3628 
21.6770 

.5 
.6 
.7 
.8 
.9 

103.8689 
105.6832 
107.5182 
109.3588 
111.2202 

86.1288 
36.4425 
86.7566 
87.0708 
37.3850 

2.0 
.1 
.2 
.8 
.4 

3.1416 
3.4636 
3.8013 
4.1548 
4.5239 

6.2832 
6.5973 
6.9115 
7.2257 
7.5398 

7.0 
.1 
J2 
.3 
.4 

38.4845 
39.5919 
40.7150 
41.8539 
43.0084 

21.9911 
22.3053 
22.6195 
22.9338 
23.2478 

12.0 
.1 
.2 
.8 
.4 

113.0973 
114.9901 
116.8987 
118.8229 
120.7628 

37.6991  . 
38.0133  , 
38.3274  i 
38.6416  ! 
38.9557  . 

.5 
.6 
.7 
.8 
.9 

4.9087 
5.3093 
5.7256 
6.1575 
6.6052 

7.8540 
8.1681 
8.4833 
8.7965 
9.1106 

.5 

.6 
.7 
.8 
.9 

44.1786 
45.3646 
46.5663 
47.7836 
49.0167 

23.5619 
23.8761 
24.1903 
24.5044 
24.8186 

.5 
.6 
.7 
.8 
.9 

122.7186 
124.6898 
126.6769 
128.6796 
130.6981 

39.2699 

39:8982  ! 
40.2124  . 
40.5265 

3.0 
.1 
.2 
.3 
.4 

7.0686 
7.5477 
8.0425 
8.5530 
9.0792 

0.4248 
9.7389 
10.0531 
10.3673 
10.6S14 

8.0 
.1 
.2 
.3 
.4 

50.2655 
51.5300 
52.8102 
54.1061 
55.4177 

25.1327 
25.4469 
25.7611 
26.0752 
20.3894 

13.0 
.1 
.2 
.8 
.4 

132.7823 
134.7822 
136.8478 
138.9291 
141.0261 

40.8407 
41.1549  1 
41.4690 
41.7882 
42.0973 

.6 
.6 
.7 
.8 
.9 

9.6211 
10.1788 
10J521 
11.3411 
11.9450 

10.9956 
11.3097 
11.6239 
11.9381 
12.2522 

.5 

.6 
.7 
.8 
.9 

56.7450 
58.0880 
59.4468 
60.8212 
62.2114 

26.7035 
27.0177 
27.3319 
27.0460 
27.9602 

.5 

.6 
.7 
.8 
.9 

143.1388 
145.2672 
147.4114 
149.5712 
151.7468 

42.4115 
42.7257 
43.0898 
43.3540 
48.6681 

4.0 
.1 

.3 
.4 

12.5664 
13.2025 
13.8544 
14.5220 
15.2053 

12.5664 
12.8805 
13.1947 
13.5088 
13.8230 

9.0 
.1 
.2 
.3 
.4 

63.6173 
65.0388 
66.4761 
67.9291 
69.3978 

28.2743 
28.5885 
28.9027 
29.2168 
29.5310 

14.0 
.1 
.2 
.3 
.4 

153.9380 
156.1460 
158.3677 
160.6061 
162.8602 

48.9823 
44.2906 
44.6106 
44.9248 
45.2389 

.6 

.6 
.7 

15.9043 

16.6190 
17.3494 
18.0956 
18.8574 

14.1872 
14.4513 
14.7655 
15.0796 
15.3088 

.5 
.6 
.7 
.8 
.9 

70.8822 
72.3823 
73.8981 
75.4296 
76.9769 

29.8451 
30.1593 
30.4734 
30.7876 
31.1018 

.5 

.6 
.7 
.8 
.9 

165.1300 
167.4155 
169.7167 
172.0336 
174.8662 

45.5581 
45.8678 
46.1814 
46.4956 
46.8007 
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Aims  and  CircaiiiferencM  of  drdes  (Contmned) 
Advancing  by  tenths 


Dn. 

Am 

Cinmni- 

Dia. 

Ana 

dromn. 

Dia. 

Ana 

CSlOUlD. 

15.0 

•i 

.3 
.4 

176.714* 
179.0786 
181.45SI 

186.2650 

47.1239 
47.4380 
47.7522 
48.0664 
4S.8805 

20.0 
.1 
J2 
.3 
.4 

314.1593 
317.3087 
320.4739 
823.6547 
326.8513 

62.8319 
63.1460 
63.4602 
63.7743 
64.0885 

25.0 
.1 
J2 
.3 
.4 

490.8739 
494.80S7 
498.7692 
602.7255 
506.7075 

78.5308 
78.8540 
70.1681 
70.4823 
70.7065 

.5 

.6 

•   .7 

!  i 

188.6919 
191.1345 
193.5928 
196.0668 
198.5665 

48.6947 
49.0088 
49.32C0 
49.6372 
49.9613 

.6 
.6 
.7 
.8 
.9 

330.0636 
333.2916 
336.5353 
339.7947 
343.0098 

64.4026 
64.7168 
65.0310 
65.3451 
65.6503 

.5 
.6 
.7 
.8 
.9 

510.7052 
514.7185 
518.7476 
522.7024 
526.8529 

80.1106 
80.4248 
80.7380 
81.0531 
81.3672 

16i> 

1  i 

A 

301.0619 
203.5831 
306.1199 
308.6724 
311.2407 

50J655 
50.5796 
50.893S 
51.20S0 
51.5221 

21.0 
.1 

346.3606 
340.6671 
352.9894 
356.3273 
359.6809 

65.9734 
06.2876 
66.6018 
66.9150 
67.2301 

26.0 

i 

.3 
.4 

530.9292 
535.0211 
539.1287 
543.3521 
547.3011 

81.6814 
81.0056 
82.3007 
82.6230 
82.0380 

Ji 

.6 

i 

3 

313.8246 
316.4243 
219.0397 
221.6708 
224^176 

51.8363 
52.1504 
52.4646 
52.7788 
53.0039 

i 

,7 
.8 
.9 

363.0503 
366.4354 
300.8361 
373.2526 
376.6848 

67.5442 
67.8564 
68.1726 
68.4867 
68.8009 

.5 
.6 
.7 

.8 
.9 

551.5450 
555.7168 
550.0025 
564.1044 
568.3220 

83.2522 
88.5664 
83.8805 
84.1047 
84.5088 

17.0 
.1 

Ji 
A 

226.9801 
229.6563 
232.3522 
235.0618 
237.7871 

53.4071 
53.7212 
54.0354 
54.3496 
54.6637 

22.0 
.1 
.2 
.8 
.4 

880.1327 
383.5963 
387.0756 
390.6707 
394.0614 

60.1150 
69.4292 
69.7434 
70.0575 
70.8717 

27.0 
.1 
J2 
.8 
.4 

572.5553 
576.8043 
581.0600 
585.3404 
580.6455 

84.8230 
85.1372 
85.4513 
85.7655 
86.0706 

.6 
.7 

S 

3405382 
343.2949 
246.0674 
348.84M 
261.6494 

54JW79 
56.2920 
55.00C2 
55.9203 
56.2345 

.5 

:? 

.8 
.9 

897.6078 
401.1500 
404.7078 
408.2814 
411.8707 

70.6858 
71.0000 
71.3142 
71.6283 
71.9425 

.5 

.6 
.7 
.8 
.9 

598.9574 
598.2840 
602.6282 
606.0871 
611.3618 

86.8938 
86.7080 
87.0221 
87.3363 
87.6501 

18.0 
.1 
J2 

Ji 

254.4090 
357.3043 
260.1553 
363.0230 
265.9044 

56.5486 
56.8628 
57.1770 
57.4911 
57.8053 

23.0 
.1 
.2 
JS 
A 

415.4756 
410.0063 
422.7327 
426.3848 
43^0526 

72.2666 
72.5708 
72.8849 
73.1991 
73.5133 

28.0 
.1 
.2 
.8 
.4 

615.7522 
620.1582 
624.5800 
629.0175 
683.4707 

87.9646 
88.2788 
88.5020 
88.0071 
80.2212 

.6 
.7 

.8 

268.8025 
271.7164 
274.6459 
277.5911 
280.5621 

56.1195 
53.4336 
58.7478 
59.0619 
59.8761 

.5 

.6 
.7 
.8 
.9 

433.7361 
437.4354 
44U503 
444.8800 
448.6273 

73.8274 
74.1416 
74.4557 
74.7690 
75.0841 

.5 

.6 
.7 
.8 
.9 

637.9397 
642.4248 
646.9246 
051.4407 
655.9724 

80.5354 
80.8405 
00.1637 
00.4770 
00.7020 

19.0 
.1 

a 

A 

283.5287 
286.5211 
289.5292 
292.5530 
395.6025 

59.6003 
60.0044 
60.3186 
60.6327 
60.9469 

24.0 
.1 
.2 
.3 
.4 

452.3893 
456.1671 
459.9606 

75.8982 
75.7124 
76.0266 
76.3407 
76.6549 

29.0 
.1 
.2 
.8 
.4 

660.5199 
665.0830 
669.6619 
674.2565 
678.8668 

01.1062 
01.4203 
01.7345 
02.0487 
02.3628 

.5 

.0 
.7 

298.6477 

61.2611 
61.5752 
61.8894 
62.2035 
62.5177 

.6 
.7 
.8 
.9 

471.4352 
475.2916 
479.1636 
483.0513 
486.9547 

76.9690 
77.2832 
77.5973 
77.0115 
78.2257 

.5 
.6 
.7 
.8 
.9 

683.4928 
68S.1345 
692.7910 
697.4650 
702.1538 

02.6770 
02.9911 
03.3053 
03.6195 
03.0336 
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Geometry  and  Mensuration 


Part  1 


Areas  and  CireimiferencM  of  drdea  (CoBttBugd) 
Advancing  by  tenths 


Din. 

Ana 

Ciroum. 

Dia. 

Area 

Ciroum. 

Dia. 

Ax«a 

Cirovm. 

30.0 
.1 
J2 
.3 
.4 

706.8583 
7n.578« 
716.3145 
721.0662 
725.8336 

94.2478 
94.5619 
94.8761 
95.190: 
95JS044 

35.0 
.1 
.2 
.3 
.4 

962.1128 
967.6184 
973.1397 
978.6768 
984.2296 

109.9567 
110.2699 
110.6841 
110.8982 
111.2124 

40.0 
.1 

a 

.3 
.4 

1266.6371 
1262.9281 
1269.2348 
1275.6573 
1281.8965 

126.6637 
126.9770 
126.2920 
126.6062 
126.9203 

.5 
.6 
.7 
.8 
.9 

730.6167 
735.4154 
740.2299 
745.0001 
749.9060 

95.8186 
96.1327 
96.4469 
96.7611 
97.0752 

.6 
.6 
.7 
.8 
.9 

989.7980 
996.3822 
1000.9821 
1006.5977 
1012.2290 

111.6205 
111.8407 
112.1649 
112.4690 
112.7832 

.6 
.6 

.7 
.8 
.9 

1288.2493 
1294.6189 
1301.0042 
1307.4062 
1313.8219 

127.2346 
127.6487 
127.862S 
128.1770 
128.4911 

31.0 
.1 
J2 
Ji 
A 

764.7676 
759.6460 
764J>380 
760.4467 
774.3712 

97.3894 
97.7035 
98.0177 
98.3319 
98.6460 

36.0 
.1 
.2 
.3 
.4 

1017.8760 
1023.5387 
1029.2172 
1034.9113 
1040.6212 

113.0073 
113.4115 
113.7257 
114.0398 
114.3540 

41.0 
.1 
.2 
.3 
.4 

1320J643 
1326.7024 
1333.1663 
1339.6468 
1346.1410 

128.8063 

129.1195 
129.4336 
129.7478 
130.0619 

.6 
.« 
.7 

.0 

779.3113 
784.2672 
780.2388 
794.2?60 
790.2290 

98.9602 
99.274.1 
99.5885 
09.9026 
100.2108 

.5 

.6 
.7 
.8 
.9 

1046.3467 
1052.0880 
1057.8449 
1063.6176 
1069.4060 

114.6681 
114.9S23 
115.2965 
115.G100 
115.9248 

.6 
.6 

.7 
.8 
.9 

1362.6620 
1369.1786 
1365.7210 
1372J2791 
1378.8529 

130.3761 
130.6003 
131.0044 
131.3186 
131.6327 

32.0 
.1 

.3 
.4 

804J5477 
809.2S21 
814.3322 
819.3980 
824.4796 

100.5310 
100^^451 
101.1593 
101.4734 
101.7876 

37.0 
.1 
J2 
.3 
.4 

1075.2101 
1061.0209 
1086.8654 
1092.7160 
1098.6836 

116.2389 
116.6531 
116.8672 
117.1814 
117.4956 

42.0 
.1 

.3 
.4 

1385.4424 
1392.0476 
1398.6686 
1405.3061 
1411.9574 

131.9409 
132.2611 
1S2.6752 
132.8894 
133J035 

.6 
.7 
.8 
.0 

829.5768 
834.6898 
839.8185 
844.9628 
850.1229 

102.1018 
102.4159 
102.7301 
103.0442 
103.3584 

.5 

.0 
.7 

.8 
.9 

U04.4662 
1110.3646 

1116.2786 
1122.2083 
1128.1538 

117.8097 
118.1239 
118.4380 
118.7522 
119.0664 

.6 

.5 
.7 
A 
.9 

1418.6364 
1425.3002 
1432.0086 
1438.7238 
1445.4646 

133.6177 
133.S318 
134.1460 
184.4602 
184.7743 

33.0 
.1 
.2 
.8 
.4 

855.2986 
860.4902 
865.6973 
370.9202 
876.1688 

103.6726 
103.9867 
104.3009 
104.6150 
104.9292 

38.0 
.1 
.2 
.3 
.4 

1134.1149 
1140.0918 
1146.0844 
1152.0927 
1158.1107 

119.3805 
119.6947 
120.0088 
120.3230 
120.6372 

43.0 
.1 
.2 
.3 
.4 

1452.2012 
1468.9635 
14fl5  7415 
1472.6363 
1479.aNM6 

135!4026 
135.7168 
180.0310 
136.8451 

.6 

.6 
.7 
.8 
.9 

881.4181 
886.6831 
891.9688 
897.2703 
902.6874 

105.2434 
ia5.5575 
105.8717 
106.1858 
106.5000 

.6 
.6 

.7 
.8 
.9 

1164.1564 
1170.2118 
1176.2830 
1182.3698 
1188.4724 

120.9513 
121.2655 
121.5706 
121.8938 
122.2080 

.6 
.6 
.7 
.8 
.9 

1486.1007 
1493.0106 
1499.8070 
1505.7393 
1613.6272 

136.0693 
130.9734 
137.2870 
137.6018 
137.9159 

34.0 
.1 
.2 
.8 
.4 

907.9203 
913.2688 
918.6331 
924.0131 
929.4088 

106.8142 
107.1283 
107.4425 
107.766C 
108.0708 

39.0 
.1 
.2 
.3 
.4 

1194J>906 
1200.7246 
1206.8742 
1213.0396 
1219.2207 

122.5221 
122.8363 
123.1504 
123.4640 
123.7788 

44.0 
.1 

i 

A 

1620.6308 
1527.4602 
1534.3858 

138.2301 
138.6442 
138.8584 
139.1726 
139.4807 

.5 

.6 
.7 
.8 
.9 

934.8202 
940.2478 
945.6901 
951.1486 
9.<S6.0228 

108.3849 
108.6991 
109.0133 
109.3274 
109.64in 

.5 

.6 
.7 
.8 
.9 

1225.4175 
1231.6300 
1237.»582 
1244.1021 
1250.3617 

124.0929 
124.4071 
124.7212 
125.0354 
125.3495 

.6 

.6 

.7 

:l 

1666.247 
1662.2826 
1569.2962 
1676.3265 
1683.8706 

130.8009 
140.1153 
140.4292 
140.7434 
141.0675 
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At9tm  aad  Ciicmif  ertscM  «!  CIrIm  (CMtuuMd) 
Advancing  by  teatfat 


IHa. 

Area 

Circum. 

Din. 

Area 

Circiuu. 

Dia. 
55.0 

Area 

Cireum. 

45.0 

15904213 

141.3717 

50.0 

1963  4954 

157.0790 

2375.8294 

172.7876 

.1 

U97-5C77 

141.6858 

.1 

1971^572 

157.3938 

.1 

2384.4767 

173.1017 

J 

1604.5999 

142.0000 

.2 

1979.234S 

157.7080 

Ji 

2393.1806 

173.4159 

J 

1611.7077 

142.3142 

J 

1987.1280 

158.0221 

.3 

2401.8183 

173.7801 

.4 

16ia^l3 

142.6283 

.4 

1995.0370 

158.3363 

.4 

2410.5126 

174.0442 

^ 

1626.9706 

142.9425 

.5 

2002.9617 

158.6504 

.6 

2419.2227 

174.8584 

^ 

1633.1265 

143.2566 

.6 

2010.9020 

158.9646 

.6 

2427.9485 

174.6726 

.7 

1640.29«>'2 

143.5708 

.7 

2018.8581 

169.2787 

.7 

2436.6899 

174.0867 

^ 

1647.4S26 

143.8849 

.8 

2026.8299 

159.5929 

.8 

2445.4471 

175.3009 

Ji 

1654.6847 

144.1991 

A 

2034^74 

159J071 

Ji 

2454.2200 

176.6150 

Mil 

1661.9025 

144.5133 

51.0 

2042.8206 

160J212 

66.0 

2468.0086 

175.9292 

.1 

lGd9.1300 

144.8274 

.1 

2050.8305 

160.5354 

.1 

2471.8130 

176.2433 

^ 

1676.3853 

145.1416 

.2 

2058^742 

160.8495 

.2 

2480.6330 

176.5576 

.3 

1683.6502 

145.4557 

.3 

2066.9246 

161.1G37 

.8 

2489.4687 

176.8717 

.4 

1690.9308 

145.7699 

.4 

2074.9905 

161.47/9 

.4 

2498.3201 

177.1858 

A 

ieMJS273 

146.0641 

.5 

2083.0723 

161.7920 

.5 

2607.1878 

177.5000 

A 

1706.5399 

146.3982 

.6 

2001.1607 

162.1062 

.6 

2516.0701 

177.8141 

.7 

1712.8670 

146.7124 

.7 

3090.2829 

162.4203 

.7 

2524.9687 

178.1283 

Jt 

1730.2105 

147.0265 

.8 

2107.4118 

162.7345 

.8 

2533.8830 

178.4425 

^ 

1727.5697 

147.3407 

.9 

2115.5563 

168i>487 

.  .9 

2542.8129 

178.7566 

47i> 

1734.9445 

147.6560 

52.0 

2123.7166 

163.8628 

57.0 

2551.7586 

179.0708 

.1 

1742.3851 

147.9690 

.1 

2131.8926 

108.6770 

.1 

2560.7200 

179.3849 

J 

1749.7414 

148.2832 

.2 

2140.0843 

163.9911 

.3 

2569.6971 

179.6991 

J 

1757.1635 

148.5973 

.8 

2148.2917 

164.3053 

.3 

2578.6809 

180.0133 

.4 

1764^12 

148.9115 

.4 

2156.5149 

164.6195 

.4 

2587.6985 

180.3274 

Ji 

I772il546 

149.2257 

Jb 

2164.7537 

164.9336 

.5 

2596.7227 

180.6410 

.6 

1779-5237 

149.5398 

.6 

2178.0062 

165.2479 

.6 

2C05.7626 

180.955/ 

.7 

1787.0066 

149.8540 

.7 

2181.2785 

165.6619 

.7 

2614.8183 

181.2699 

^ 

17M.5001 

150.1681 

.8 

2189.5644 

165.87G1 

.8 

2623.8806 

181.5841 

^ 

1802.0254 

150.4823 

.9 

2197.8661 

106.1903 

.9 

2682.9767 

181.8982 

4».0 

1809.5674 

150.7964 

58.0 

2206.1834 

166.5044 

58.0 

2642.0794 

182.2124 

.1 

1817.1060 

151.1106 

.1 

2214.5166 

166.8186 

.1 

2651.1979 

182.6265 

^ 

1824.6684 

151.4248 

.2 

2222.8653 

167.1327 

.2 

2660.3321 

182.8407 

.a 

1832.2475 

151.7389 

.3 

2231.2298 

167.4469 

.3 

2669.4820 

188.1549 

.4 

1839.8423 

152.0531 

.4 

2239.6100 

167J610 

.4 

2678.6476 

188.4690 

Jk 

1847.4528 

152.3672 

.5 

2248.0069 

168.0752 

.5 

2687.8289 

188*7332 

.e 

1855.0790 

152.6814 

.6 

2256.4175 

168.3894 

.6 

2697.0250 

184.0973 

.7 

1862.7210 

152.9956 

.7 

2264.8448 

168.7035 

.7 

2706.2386 

184.4115 

^ 

1870.3786 

153.3097 

.8 

2278.2879 

169.0177 

.8 

2715.4670 

184.7256 

s 

1S7SJ)619 

153.6239 

.9 

2281.7466 

169.3318 

.9 

2724.7112 

^185.0398 

4fJ0 

1885.7409 

153.9380 

54.0 

2290.2210 

169.6460 

59.0 

2733.9710 

185.8540 

.1 

1893.4457 

154.2522 

.1 

2298.7112 

169.9602 

.1 

2743.2466 

185.6681 

J 

1901.1662 

154.5664 

A 

2807J2171 

170.2743 

.2 

2752.5378 

183.9823 

^ 

1908.9024 

154.8805 

.8 

2315.7386 

170.6885 

.3 

2761.8448 

186  2964 

A 

1916.6543 

155.1947 

A 

2824.2759 

170.9026 

.4 

2771.1675 

186.6106 

* 

1924.4218 

165.5088 

Jb 

2832.8289 

171.2168 

.5 

2780.5058 

186.9248 

A 

1938.2051 

155.8230 

.6 

2841.3976 

171.5310 

.6 

2789.8509 

187  2389 

.7 

19400042 

156.1372 

.7 

2849.9820 

171.8451 

.7 

2799.2207 

187.5531 

^,  1947^189 

156.4513 

^ 

2856.5821 

172.1593 

.8 

2808.6152 

187.8672 

J»j  1956.6493 

156.7655 

.9 

2867.1979 

172.4735 

.9 

2818.0165 

188.1814 
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Geometiy  and  Mensucation 


Part  1 


Anas  And  Circomf erenc«a  of  Circles  (ContiiiiMd) 
Advandog  by  tenths 


Dia. 

Area 

Circuzn. 

Dia. 

Area 

Circuin. 

Dia. 

Area 

'droum. 

60.0 
.1 

a 

.3 
.4 

2827.4384 
2836.8060 
2846.3144 
2866.7784 
2866.2682 

188.4956 
188.8097 
180.1239 
189.4380 
189.7522 

65.0 
.1 
.2 
.3 
.4 

3318.3072 
3328JS252 
3338.7590 
3349.0085 
8350.2736 

'204.2035 
204.5176 
204.8318 
205.1460 
205.4602 

70.0 
.1 
.2 
.3 
.4 

3848.4510  219.9115 
3859.4544  220.2256 
3870.4736  220.5398 
3881.5084  220.8540 
3892.5590  221.1681 

.6 
.7 

.8 
.9 

2874.7636 
2884.2648 
2893.7917 
2903.3343 
2012.8926 

190.0664 
190.8805 
190.6947 
191.0088 
191.3280 

.5 

.6 
.7 
.8 
.9 

3369.5645 
3370.8510 
3390.1633 
3400.4913 
3410.835C 

205.7743 
206.0685 
206.4026 
206.7168 
207.0310 

.5 
.6 
.7 
.8 
.9 

3903.6252 
3914.7072 
3925.8049 
3936.9182 
3948.0473 

221.4823 
221.7964 
222.1106 
222.4248 
222.7380 

61.0 
.1 
.2 
.3 
.4 

2922.4666 
2032.0563 
2941.6617 
2951.2828 
2960.9197 

191.6372 
191.95ia 
192.2655 
192.6796 
192.8938 

66.0 
.1 
.2 
.3 
.4 

3421.1944 
3431.5695 
3441.9603 
3452.3669 
3462.7891 

207.3451 
207.6503 
207.9734 
208.2876 
208.6017 

71.0 
.1 
.2 
.3 
.4 

3959.1921 
3970.3526 
3981.5289 
3992.7208 
4003.9284 

223.0531 
223.3672 
223.6814 
223.9956 
224.3097 

.5 

.6 
.7 
.8 
.9 

2970.5722 
2980.2405 
2989.9244 
2999.6241 
3009.3395 

198J8079 
198.5221 
193.8363 
194.1604 
194.4646 

.5 
.6 
.7 
.8 
.9 

3473.2270 
3483.6807 
3494.1500 
3504.6351 
3515.1359 

208.9159 
209.2301 
200.5442 
209.8584 
210.1725 

.6 
.6 

.7 
.8 
.9 

4015.1518  224.6239 
4026.3908  224.9380 
4037.6456  225.2522 
4048.9160  225.6664 
4060.2022  225.3805 

62.0 
.1 
.2 
.3 
.4 

3019.0705 
3028.8173 
3038.5798 
3048.3580 
3058.1520 

194.7787 
196.0929 
195.4071 
195.7212 
196.0354 

67.0 
.1 
.2 
.3 
.4 

3525.6524 
3536.1845 
3546.7324 
3557.2960 
3567.8754 

210.4867 
210.8009 
211.1150 
211.4292 
211.7433 

72.0 
.1 
.2 
.3 
.4 

4071.5041 
4082.8217 
4094.1550 
4105.5040 
4116.8687 

226.1947 
226.5088 
226.8230 
227.1371 
227.4513 

.6 
.0 
.7 
.8 
.9 

3067.9616 
3077.7869 
3087.6279 
3097.4847 
3107.3571 

196.3495 
196.6637 
196.9779 
197.2920 
107.6062 

.5 
.6 
.7 
.8 
.9 

3578.4704 
3589.0811 
3599.7075 
3610.3497 
3621.0075 

212,0575 
212.3717 
212.6858 
213.0000 
213.3141 

.5 
.6 
.7 
.8 
.9 

4128.2491 
4139.6452 
4151.0571 
4162.4846 
4173.9279 

227.7665 
228.0796 
228.3938 
228.7079 
229.0221 

63.0 
.1 
.2 
.3 
.4 

3117.2453 
3127.1402 
3137.0688 
3147.0040 
3156.9550 

197.9203 
198.2345 
198.548'^ 
198.8628 
199.1770 

68.0 
.1 
.2 
.3 
.4 

3631.6811 
3642.3704 
3653.0754 
3663.7960 
3674.5324 

213.6288 
213.9426 
214.2566 
214.5708 
214.8849 

73.0 
.1 
.2 
.8 
.4 

4185.3868 
4196.8615 
4208.3519 
4219.8579 
4231.3797 

229.3363 
229.6604 
229.9646 
230.2787 
280.5929 

.5 
.6 
.7 
.8 
.9 

3166.9217 
3176.9043 
3186.9023 
3196.9161 
3206.9456 

199.4911 
199.8053 
200.1195 
200.4336 
200.7478 

.5 
.6 
.7 
.8 
.9 

3685.2845 
3696.0523 
3706.8359 
3717.6351 
3728.4500 

215.1991 
215.6133 
216.8274 
216.1416 
216.4556 

.5 
.6 
.7 
.8 
.9 

4242.9172 
4254.4704 
4266.0394 
4277.6240 
4289.2243 

230.9071 
231.2212 
231.5354 
231.8405 
232.1637 

04.0 
.1 
.2 
.3 
.4 

3216.9909 
3227.0518 
8287.1285 
3247.2222 
8257.3289 

201.0620 
201.3761 
201.6902 
202.0044 
202.3186 

69.0 
.1 
.2 
.3 
.4 

3739.2807 
3750.1270 
3760.9891 
3771.8668 
8782.7603 

216.7099 
217.0841 
217.3982 
217.7124 
218.0265 

74.0 
.1 
.2 
.3 
.4 

4300.8403 
4312.4721 
4324.1195 
4335.7827 
4347.4616 

282.4779 
232.7920 
233.1062 
233.4203 
233.7345 

.5 
.6 
.7 

i 

8267.4627 
3277.5922 
3287.7474 
8297.9183 
3306.1049 

202.6327 
202.9469 
203.2610 
203.5762 
203.8894 

.5 
.6 
.7 
.8 
.9 

8793.6695 
3804.5944 
8815.6350 
3826.4913 
3837.4633 

218.8407 
218.6548 
218.0690 
219.2832 
219.5973 

.5 

.6 
.7 
.8 
.9 

4359.1662 
4370.8664 
4382.5924 
4894.3341 
4406.0916 

234.0487 
234.3628 
234.6770 
234.9911 
286.8053 
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i  of  CirdM  (Continiwd) 
Afdvandas  by  tenths 


:»». 

Aim 

Gx«am. 

DlA. 

Ai«a 

Ciratiin. 

Dia. 

Araa 

Qrcum. 

A 

4417.Sd47 
4429.6535 
4441.4580 
445S.27S3 
440&1142 

235.6194 
235.9336 
236.2478 
236.5619 
236.8761 

80.0 
.1 
.2 
.3 
.4 

5026.5482 
5030.1225 
6051.7124 
5064.31S0 
5076.9394 

251.3274 
251.6416 
251.9557 
252.2699 
252.5840 

85.0 
.1 
.2 
.3 
.4 

5674.5017 
5687.8614 
5701.2367 
5714.6277 
5728.0345 

267.0354 
267.3495 
267.6637 
267.9779 
268.2920 

.7 

i 

447VI.96S0 
44&S.S332 
4500.7163 
4512.6151 
4524^390 

237.1902 
237.5044 
237.8186 
238.1327 
238.4469 

.8 
.9 

5089.5764 
5102.2292 
5114.8977 
5127.5819 
5140J2818 

252.8982 
253.2124 
253.5265 
253.8407 
254.1548 

.5 

.6 
.7 
.8 
.9 

5741.4569 
5754.8951 
5768.3490 
5781.8185 
5795.3088 

268.6063 
268.9203 
269.2345 
269.54S6 
260.8628 

79.0 

4536.450^ 
4548.4057 
4560.3673 
4573.3446 
45»4.3377 

238.7610 
239.0752 
239.3894 
239.7035 
240.0177 

81.0 
.1 
J2 
.3 
.4 

5152.9973 
5165.7287 
5178.4757 
5191.2384 
5204.0168 

254.4690 
254.7832 
255.0973 
255.4115 
266.7256 

86.0 
.1 
J2 
.3 
.4 

5808.8048 
5822.3215 
5835.8539 
5849.4020 
5862.9659 

270.1770 
270.4911 
270.8053 
271.1194 
271.4336 

4506.S4ft4 
460g.S70S 
4620.4110 
4632.4660 
4644.53S4 

240.3318 
240.6460 
240.9602 
241.2743 
241.5885 

.5 

:? 

.8 
.9 

5216.8110 
5229.6208 
5242.4163 

5268!l446 

256.0398 
256.3540 
256.6681 
256.9823 
257.2966 

.5 
.6 
.7 
.8 
.9 

5876.5454 
5890.1407 
5903.7516 
5917.3783 
5931.0206 

271,7478 
272.0619 
272.3761 
272.6902 
273.0044 

.77.0 

i 

.3 
.4 

465&62S7 
4668.7287 
4680.S474 
4693.9618 
4705.1319 

241.9026 
242.2168 
242.5310 
242.8451 
243.1592 

82.0 
.1 
.2 
.3 
.4 

5281.0173 
529.1.9056 
6306.8097 
5319.7295 
5332.6650 

257.6106 
257.0247 
258.2389 
258.5531 
258.8672 

87.0 
.1 
.2 
.3 
.4 

5944.6787 
5958.3525 
5972.0420 
5985.7472 
5999.4681 

273.3186 
273.6327 
273.9469 
274.2610 
274.5752 

3 
j6 
.7 

Ji 

3 

4717J977 
4729.4792 
4741.6765 
4753.8894 
4766.1181 

343.4734 
343.7876 
244.1017 
244.4159 
244.7301 

.5 
.6 
.7 
JR 
.9 

6345.6162 
5358.5832 
5371.5658 
5384.5641 
5307.5782 

259.1814 
259.4956 
259.8097 
260.1239 
260.4380 

.5 

.6 
.7 
.8 
.9 

6013.2047 
6026.9570 
6040.7250 
6054.50S8 
6068.3082 

274.8894 
275.2035 
275.5177 
275.8318 
276.1460 

':s.o 
.1 

.4 

4778.3624 
4790.6225 
4803.8983 
4815.1897 
4827.4969 

245.0442 
245.3584 
246.6725 
245.9867 
346J009 

83.0 
.1 
J2 
.3 
.4 

5410.6079 
5423.6534 
5436.7146 
5449.7915 
5462.8840 

260.762? 
261.0663 
261.3805 
261.6947 
262.0068 

88.0 
.1 
.2 
.3 
.4 

6082.1234 
6095.9542 
6109.8008 
6123.6631 
6137.5411 

276.4602 
276.7743 
277.0885 
277.4026 
277.7168 

1  -« 

4839.8196 
4852.1584 
4864.5128 
4876.8828 
4889.2685 

246.6150 
246.9292 
247.2433 
247.5575 
247.8717 

.6 
.7 

5475.9923 
5-189.1163 
5502.2561 
5515.4115 
5528.5826 

262.3230 
262.6371 
262.9513 

263!5796 

i 

.7 

.8 
.9 

6151.4348 
6165.3442 
6179.2693 
6193.2101 
6207.1666 

278.0309 
278.3461 
278.6593 
278.9740 
279.2876 

79.0 
.1 

2 
A 

4S01.9699 
4914.0671 
4926J(199 
4938.9685 
4951.4328 

248.1858 
248.5000 
248.8141 
249.1283 
249.4425 

.2 
.3 
.4 

5541.7694 
5554.9720 
5568.1902 
5581.4242 
5594.6739 

263.8938 
264.2079 
264.5221 
264.8363 
265.1514 

89.0 
.1 
.2 
.3 
.4 

6221.13<t9 
6235.1268 
6249.1304 
6263.1498 
6277.1840 

279.6017 
279.9159 
280.2301 
280.5442 
280.8584 

^ 

.6 

.7 

Ji 

J 

4963.9127 
4976.4064 
4988J>198 
5001.4469 
5013.9897 

349.7566 
250.0708 
250.3850 
250.6991 
251.0133 

.5 
.6 
.7 
.8 
.9 

5607.9392 
5631.2203 
5634.5171 
5647.8296 
5661.1578 

265.4646 
265.7787 
266.0929 
266.4071 
366.7212 

.6 
.7 
.8 
.9 

6291.2356 
6305.3021 
6319.3843 
6333.4822 
6347.5958 

281.1725 
281.4867 
281.8009 
282.1150 
282.4292 
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Paj 


Anas  aad  Circiimfefciioas  of  Ciictof  (ConHn— d) 
AdvAodng  by  tentfat 


Din. 

90.0 
.1 
J2 
Ji 
A 

Aiw, 

Cifouin. 

Dia. 

Am 

Ciraum. 

DU. 

Area 

Circum 

6361.7251 
6375J701 
6390.0309 
6404.2073 
6418.3895 

282.7483 
283.0575 
383.7717 
283.6858 
2S4.000( 

93.5 
.0 
.7 
.8 
.9 

6866.1471 
6880.S419 
6805.5524 
6010.2786 
6025.0305 

298.7889 
294.0631 
294.3072 
294.0814 
294.995( 

97.0 

J2 
.3 
.4 

73$9.81U 
7406.0550 
7420J1G2 
7485.592:2 
7450.8830 

304.734 
S05.O4S 
305.3t>J 
305.677 
305.991 

.6 
.7 
.8 
.9 

6432.6073 
6446.8309 
6461.0701 
6475.3251 
6489.5058 

284.8141 
284.6283 
284.0421 
285.2560 
285.5708 

94.0 
.1 
.2 
.3 
.4 

6939.7782 
0954.5515 
0969.3106 
6984.1458 
0998.9658 

296.3097 
295.6239 
295.938( 
396.2522 
296.5662 

i 

.7 
.8 
.9 

7466.1913 
7481.5144 
7496.8532 
7512.2078 
7527.5780 

306.305; 
306.010^ 
306.0.33( 
807.2471 
307.5611 

91.0 
.1 
.2 
.3 
.4 

6503.8822 
6516.1843 
6532.5021 

6546.8356 
6561.1848 

285.8849 
286.1991 
286.5133 
288.8274 
287.1416 

.5 
.6 
.7 
.8 
.9 

7013.8019 
7038.6538 
7043.5214 
7053.4047 
7073.3033 

297:1947 
297.503M 
297.823C 
298.1371 

08.0 
.1 
.2 
.3 
.4 

7542.9640 
7558.3656 
7573.7830 
7589.2161 
7604.6648 

307.8761 
806.190:1 
308.5044 
806.8  Ihf 
300.1327 

.5 
.6 
.7 
.8 
.9 

6575.5498 
6589.9304 
6604.3266 
6618.7388 
6683.1666 

287.4557 
287.7699 
288.0840 
288.3982 
288.7124 

95.0 
.1 
.2 
.3 
.4 

70S8.2184 
7103.1488 
7118.1950 
7133.0508 
7148.0343 

298.4513 
298.7653 
299.0796 
299.3938 
209.7079 

.5 
.0 
.7 
.S 
.9 

7620.1293 
7635.C005 
7661.1054 
7666.6170 
7683.1444 

300.44  ft9 
300.7610 
310.0752 
810.3804 
310.7035 

92.0 
.1 
.2 
.3 
.4 

6647.6101 
6062.0692 
6676.5441 
6691.0347 
6705.5410 

289.0265 
289.3407 
289.6548 
389.9690 
290.2832 

.5 
.6 
.7 
.8 
.9 

7168.0276 
7178.0366 
7193.0612 
7208.1016 
7223.1577 

300.0321 
300.3363 
300.6504 
300.9646 
301.2787 

99.0 
.1 
.2 
.3 
.4 

7607.6893 
7713.2461 
77^.8206 
7744.4107 
7760.0166 

311.0177 
311.3S1S 
311.6400 
311.9602 
312.2743 

.6 
.6 
.7 
.8 
.9 

6720.0630 
6734.6008 
6749.1542 
6763.7233 
6778.3082 

290.5973 
290.9115 
291.2256 
291.5398 
291.854Q 

96.0 
.1 
.2 
.3 
.4 

7238.2395 
7253.3170 
7268.4202 
7283  5391 
7298.0737 

301.5929 
301.9071 
302.2212 
302.5354 
302.8405 

.5 
.C 
.7 
.8 
.9 

7775.6382 
7791.2754 
7806.02S4 
7822.5971 
7838.2815 

312,5S85 
312.902ril 
313.2 1G8 
313.1309 
313.8451 

93.0 
.1 
.2 
.3 
.4 

6792.9087 
6807.5250 
6822.1569 
6896.8046 
8851.4680 

292.1681 
293.4823 
292.7904 
293.1106 
293.4248 

.5 
.6 
.7 
.8 
.9 

7313.8240 
7338.9901 
7344.1718 
7359.3093 
7374.5824 

303.1637 
303.4779 
303.7920 
304.1062 
304.4203 

100.0 

7853.9816 

314.1593 
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Geometry  and  Meosuzation 


Part  1 


Ciremiif  «r«iCM  of  CiiclM 
Advandng  by  dghtht 

CUCUIOXUNCSS 


DiA. 

0.0 

o.i 

O.i 

O.i 

o.§ 

o.f 

o.f 

o.i 

0 

0.0 

0.3927 

0.7854 

1.178 

1.570 

1.963 

2.356 

2.748 

1 

3.141 

3.534 

3.927 

4.319 

4.712 

5.105 

5.497 

5.800 

2 

6.283 

6.675 

7.068 

7.461 

7.854 

8.246 

8.639 

9.032 

3 

9.424 

9.817 

10.21 

10.60 

10.99 

11.38 

11.78 

12.17 

4 

12.56 

12.95 

13.35 

13.74 

14.13 

14.52 

14.92 

15.31 

5 

15.70 

16.10 

16.49 

10.88 

17.27 

17.07 

18.06 

18.45 

6 

18.84 

19.24 

19.63 

20.02 

20.42 

20.81 

21.20 

21.59 

7 

21.99 

22.38 

22.77 

23.16 

23.56 

23.95 

24.34 

24.74 

8 

25.13 

25.52 

25.91 

26.31 

26.70 

27.09 

27.48 

27.&S 

9 

28.27 

28.66 

29.05 

29.45 

29.84 

30.23 

80.63 

31.02 

10 

81.41 

31.80 

32.20 

82.59 

32.98 

83.37 

83.77 

84.16 

U 

34.55 

84.95 

35.34 

35.73 

36.12 

86.52 

36.91 

87.80 

12 

37.09 

38.09 

38.48 

88.87 

39.27 

89.66 

40.05 

40.44 

13 

40.84 

41.23 

41.62 

42.01 

42.41 

42.80 

43.19 

43.58 

14 

43.98 

44.37 

44.76 

45.16 

45.55 

45.94 

46.33 

46.73 

15 

47.12 

47.51 

47.90 

48.30 

48.60 

49.08 

49.48 

49.87 

16 

50.26 

50.05 

51.05 

51.44 

51.83 

62.22 

52.62 

53.01 

17 

SS.iO 

53.79 

51.19 

54.58 

54.97 

55.37 

63.76 

50.15 

18 

56.54 

56.94 

57.33 

57.72 

58.11 

58.51 

68.90 

59.29 

19 

59.69 

60.08 

C0.47 

60.86 

61.26 

61.65 

62.04 

62.43 

20 

62.83 

63.22 

63.61 

64.01 

64.40 

64.79 

65.18 

65.58 

21 

65.97 

66.36 

65.75 

67.15 

67.54 

67.98 

08.32 

68.72 

22 

69.11 

69.50 

69.90 

70.29 

70.68 

71.07 

71.47 

71.86 

23 

72.25 

72.64 

73.01 

73.43 

73.82 

74.22 

74.61 

75.00 

24 

75.39 

75.79 

76.  IS 

76.67 

76.96 

77.36 

77.75 

78.14 

25 

78.54 

78.93 

79.32 

79.71 

80.10 

80.50 

80.89 

81.28 

26 

81.68 

82,07 

82.46 

82.85 

83.25 

83.64 

84.03 

84.43 

27 

84.82 

85.21 

85.60 

80.00 

86.30 

86.78 

87.17 

87.57 

28 

87.96 

88.35 

88.75 

89.14 

89.53 

80.92 

90.32 

•    90.71 

29 

91.10 

91.49 

91.89 

92.28 

92.67 

93.06 

93.46 

93.85 

80 

94.24 

94.64 

95.03 

95.42 

95.81 

96.21 

96.60 

96.99 

31 

97.89 

97.78 

98.17 

98.57 

98.96 

09.35 

99.75 

100.14 

32 

100.53 

100.92 

101.32 

101.71 

102.10 

102.49 

102.89 

103.29 

33 

103.67 

104.07 

104.46 

104.85 

105.24 

105.64 

106.03 

106.42 

34 

106.81 

107.21 

107.60 

107.99 

IOS.39 

108.78 

109.17 

109.56 

35 

109.96 

110.35 

110.74 

111.13 

111.53 

111.92 

112.31 

112.71 

36 

113.10 

113.49 

113.8S 

114.28 

114.67 

115.06 

115.45 

115.85 

87 

110.24 

116.63 

117.02 

117.42 

117.81 

118.20 

118.60 

118.99 

38 

119.38 

119.77 

120.17 

120.56 

120.95 

121.34 

121.74 

122.13 

39 

122.52 

122.92 

123.31 

128.70 

124.09 

124.49 

124.88 

125.27 

40 

125.06 

126.06 

126.45 

126.84 

127.24 

127.63 

128.02 

128.41 

41 

128.81 

129.20 

129.59 

129.08 

130.38 

130.77 

181.16 

131.55 

12 

131.95 

132.34 

132.73 

138.13 

133.52 

133.91 

134.80 

184.70 

43 

135.09 

135.48 

135.87 

136.27 

130.66 

187.05 

137.45 

137.84 

44 

138.23 

138.62 

139.02 

139.41 

139.80 

140.19 

140.59 

140.98 

45 

141.87 

141.76 

142.16 

142.55 

142.94 

143.84 

143.73 

144.12 
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Areas  mud  Circnmfereaces  of  Cirdes 

Fsov  1  TO  50  Feet 

Advancing  by  one  inch 


Dkm., 

Awa. 

SSreuTn., 

Diam.. 

Aie^ 

Circnm., 

Diam.. 

Area. 

Circum., 

ft  in 

■qh 

a    in 

ft  in 

aqft 

ft    in 

ft  in 

aqft 

ft    in 

1    0 

0.7854 

3    IH 

5    0 

19.635 

15    8Hi 

9    0 

63.6174 

28    3M 

I 

0.9217 

3    4H 

20.2947 

15  IIH 

1 

64.8006 

28    6-H 

2 

1.009 

3    8 

20.9666 

16    2H 

2 

66.9061 

28    9H 

3 

1.2271 

3  11 

21.6476 

16    5^ 

3 

67.2007 

29     ^i 

4 

1.3962 

4    2Vi 

22.84 

16    9 

4 

68.4166 

29    3^4 

5 

1.5761 

4    SH 

23.0437 

17      H 

5 

60.644 

29    7 

6 

1.7671 

4    8^5 

23.7583 

17    3W 

6 

70.8823 

29  10V4 

7       1.9689 

4  IIH 

24.4835 

17    6H 

7 

72.1309 

30    IM 

8       2.1816 

5    2H 

25.2199 

17    9H 

8 

73.391 

30    AH 

9       2.4052 

5    5H 

25.9672 

18      li 

9 

74.662 

30    IH 

10       2.6398 

5    9 

26.7251 

18    3H 

10 

75.9433 

30  UW 

11 

2.8852 

6      H 

27.4943 

18    7H 

11 

77.2362 

31    1)4 

S    0 

3.1416 

6    3H 

6    0 

28.2744 

18  10H 

10    0 

78.54 

31    5 

1 

34087 

6    6H 

29.0649 

19    IH 

1 

79.854 

31    8H 

*2 

36889 

6    9H 

29.8668 

19    4H 

2 

81.1795 

31  IIM 

3 

3.9T6 

7        ^4 

30.6796 

19    7H 

3 

82.516 

32    2H 

4  I    4  276 

7    ZZi 

31.5029 

19  lOH 

4 

83.8627 

32    6H 

5'    4.5M9 

7      7 

32.3376 

20  m 

5 

85.2211 

32    8H 

«  ,    4.9087 

7  lOVi 

33.1831 

20  m 

6 

86.6903 

32  1B4 

7 

5.2413 

8   m 

34.0391 

20    8H 

7 

87.9697 

33    2H 

8 

5.585 

8    ihi 

34.9065 

20  im 

8 

89.3608 

33    6H 

9 

5.9393 

8    7^^ 

35.7847 

21    2H 

9 

90.7627 

33    9H 

10 

6.3049 

8  10?* 

36.6735 

21    &H 

10 

92.1749 

34     H 

11 

6.6813 

9    Hi 

37.5736 

21    SH 

11 

93.6986 

34    3H 

3    0 

7.0686 

9    5 

7    0 

38.4846 

21  IIH 

11    0 

95.0334 

34    6^i 

I 

7.4666 

9    8U 

39.406 

22    3 

1 

96.4783 

34    9^4 

2 

7.8757 

9  IBi 

40.3388 

22    6H 

2 

97.9347 

35      H 
35    4H 

3 

8.2967 

10    2»/2 

41.2825- 

22    9M 

3 

99.4021 

4 

8.7286 

10    5^B 

42.2367 

23      H 

4 

100.8797 

35    7M 

5 

9.1683 

10   m 

43.2022 

23    2^ 

5 

102.3689 

35  10H 

« 

9.6211 

10  im 

44.1787 

23    6^4 

6 

103.8691 

36   m 

7 

10.0646 

11    3 

45.1656 

23    9H 

7 

105.3794 

36    4H 

8 

10.5591 

11  m 

46.1638 

24  m 

8 

106.9013 

36    7?4 

9 

11.0446 

11  m 

47.173 

24    4H 

9 

108.4342 

36  10H 

10 

11.6409 

12      H 

48.1962 

24    7M 

10 

109.9772 

37    254 

11 

12.0481 

12    3H 

49.2236 

24  lOH 

11 

111.5319 

37    &H 

4   0 

12.5664 

12  m 

8    0 

50.2666 

25    IH 

12    0 

113.0976 

37    SH 

1 

13.0062 

12    9H 

61.3178 

25    4H 

1 

114.6732 

87  IIH 

2 

13.6353 

13    1 

52.3816 

25    7'A 

2 

116.2607 

38    2H 

3 

14.1862 

13    4H 

53.4562 

25  11 

3 

117.859 

38    5^ 

4 

14.7479 

13    7V4 

54.5412 

26    2Vi 

4 

119.4674 

38    8H 

5 

15.3206 

13  mi 

55.6377 

26    6U 

5 

121.0876 

39    0 

9 

15.9043 

14    IH 

56.7451 

26    8H 

6 

122.7187 

39    3M 

7 

16  4986 

14    4H 

57.8628 

26  im 

7 

124.3598 

39    6H 

8 

17.1041 

14    7^ 

58.992 

27    2H 

8 

126.0127 

39    9H 

9 

17.7206 

14  11 

60.1321 

27    6H 

9 

127.6765 

40      H 

10     18.M76 

15    2% 

10 

61.2826 

27    9 

10 

129.3504 

40    8^4 

11     18.9858 

15    5W 

11 

62.4445 

28      H 

11 

131.036 

40    67/i 
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AreM  and  Circttmferences  of  Circles  (Contintted 


Diam., 

Area. 

Circum., 

Diam., 

Araa. 

Circum., 

Diam. 

A 

ft  in 

sqft 

ft    in 

ft   in 

sqft 

ft    in 

ft  in 

fl 

13    0 

132.732d 

40  10 

18    0 

264.4696.  56    6H 

22    0 

41 

1 

134.4391 

41  m 

1 

256.8303 

56    9fi 

1 

41 

2 

138.1674 

41    4H 

2 

259.2033 

57      H 

2 

42 

3 

137.8887 

41    7W 

3 

261.5872 

57    4 

3 

42 

4 

189.628 

41  lO^i 

4 

263.9807 

57    7H 

4 

42 

5 

141.3771 

42  m 

5 

266.3864 

57  lOH 

5 

4^ 

6 

143.1391 

42    4H 

6 

268.8081 

58    IH 

6 

43: 

7 

144.9111 

42    8 

7 

271.2293 

58    iH 

7 

431 

8 

146.0949 

42  im 

8 

273.6678 

58    7H 

8 

43! 

9 

148.4896 

43    2H 

9 

276.1171 

58  1054 

9 

44: 

10 

150.2943 

43    5^^ 

10 

278.5761 

59    2 

10 

441 

11 

152.1109 

43    8H 

11 

281.0472 

59    5yi 

11 

441 

U    0 

163.9384 

43  im 

19    0 

283.5294 

59    8M 

24    0 

45! 

1 

155.7758 

44    2H 

1 

286.021 

59  im 

1 

45J 

2 

157.625 

44    6 

2 

288.5240 

60    2^4 

2 

45j 

3 

159.4852 

44  m 

3 

291.0397 

60    6H 

3 

461 

4 

161.3553 

45      >/« 

4 

293.6641 

60    SH 

4 

46^ 

6 

163.2373 

45    ZH 

5 

296.1107 

60  IIH 

6 

46.* 

a 

165.1303 

45    6^i 

6 

298.6483 

61    3Vi 

6 

471 

7 

167.0331 

45  m 

7 

301.2054 

61    6H 

7 

47^ 

8 

168.9479 

46      li 

8 

303.7747 

61    m 

8 

473 

» 

170.8735 

46    4 

9 

306.355 

62      H 

9 

481 

10 

172.8001 

46    7H 

10 

308.9448 

62    ZH 

10 

iSi 

11 

174.7565 

46  llM 

11 

311.5469 

62    6^4 

11 

itil 

15    0 

176.715 

47    IH 

20    0 

314.16 

62  m 

25    0 

49C 

1 

178.6832 

47    4H 

1 

316.7824 

63  m 

1 

494 

2 

180.6634 

47    7^4 

2 

319.4173 

63    4M 

2 

497 

3 

182.6545 

47  10^6 

3 

322.063 

63    7H 

3 

500 

4 

184.6555 

48    2H 

4 

324.7182 

63  UH 

4 

504 

5 

186.6684 

48    5H 

5 

327.385S 

64    m 

5 

507 

6 

188.6923 

48    8V4 

6 

330.0613 

64    4^ 

6 

510 

7 

190.726 

48  11^^ 

7 

332.7522 

64    7H 

7 

514 

8 

192.7716 

49    2H 

8 

335.4525 

64  11 

8 

517 

9 

194.8282 

49    5H 

9 

338.1637 

65    2U 

9 

520 

10 

196.8946 

49    8H 

10 

340.8844 

65    5H 

10 

524 

11 

198.973 

60    0 

11 

343.6174 

65    8H 

11 

527 

16    0 

201.0624 

60    ZM 

21    0 

346.3614 

65  IIH 

26    0 

530 

1 

203.1615 

60    6Ji 

1 

349.1147 

66    2)4 

1 

534 

2 

205.2726 

60    9H 

2 

351.8804 

66    5H 

2 

537 

3 

207.3946 

61      H 

3 

354.6571 

66    9 

3 

541 

4 

209.5264 

51    3^^ 

4 

357.4432 

67      H 

4 

544 

5 

211.6703 

51    m 

5 

360.2417 

67    ZH 

5 

548 

a 

213.8251 

51  10 

6 

363.0511 

67    6H 

6 

551 

7 

215.9806 

62  m 

7 

365.8698 

67    9H 

7 

555 

8 

218.1662 

62    4W 

8 

368.7011 

68      n 

8     55X 

9 

220.3537 

62    7>^ 

9 

371.5432 

68    3H 

9 

562 

10 

222.551 

62  lOH 

10 

374.3947 

68    7 

10 

SW. 

11 

224.7608 

63    IH 

11 

377.2687 

68  lOM 

11 

569, 

17    0 

226.9806 

63    AH 

22    0 

380.1336 

69    \H 

27    0 

572. 

1 

229.2105 

63    8 

1 

383.0177 

69    4  ^^2 

1 

576, 

2 

231.4525 

63  11>4 

2 

385.0144 

69    7H 

2 

579. 

3 

233.7055 

64    2H 

3 

388.822 

69  10^4 

3 

583. 

4 

235.9682 

64    5H 

4 

391.7389 

70  m 

4 

686 

5 

238.243 

54    8)ri 

5 

394.6683 

70    5 

5 

590 

6 

840.5287 

54  UH 

6 

397.6087 

70    8H 

6 

593. 

7 

242.8241 

55    2^6 

7 

400.6583 

70  llH 

7 

597. 

8 

245.1316 

55    6 

8 

403.5204 

71    2\.i 

8 

601. 

9 

247.45 

65    9H 

9 

406.4935 

71    6H 

9 

604. 

10 

249.7781 

66      M 

10 

409.4759 

71    BH 

10 

608 

11 

252.1184 

56    3^^ 

11 

412.4707 

71  llji 

11 

612. 

yGoogk 
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ATMS  Slid  Climiufenncgg  ot  Circles  (Conriatd) 


DiMB^ 

Ana. 

Gxcnni., 

Diam., 

Ai«a. 

Circum., 

Diam., 

Ana, 

Circum., 

it  in 

aqte 

ft   in 

a  in 

sqft 

ft    in 

ft  in 

•qft 

It    in 

S    0 

615.7536 

87  im 

33    0 

855.301 

103    8 

38   0 

1134.118 

110    i\i 

1 

610.4228 

88    2H 

1 

859.624 

103  im 

1139.085 

110    7H 

2 

6S3.10S 

88    594 

2 

863.961 

104    2Vi\ 

1144.067 

110  m* 

636.7962 

88    9 

3 

868.309 

101    6H 

1149.089 

120    2 

S3D.50Q3 

80      H 

4 

872.665 

104  m 

1154.110 

120    5H 

6U.2152 

80  m 

5 

877.035 

m  im 

1159.124 

120    8H 

6Z7.M11 

89    6?i 

6 

881.415 

105    2J6 

1164.159 

120  IIH 

Ml  .6758 

89    OH 

7 

885.804 

105    6 

1169.202 

121    2H 

643.4235 

90      H 

8 

800.206 

105    OH 

1174.259 

121    6H 

640.1^ 

90    3^4 

9 

894.619 

106      H 

1179.327 

121    8^4 

10 

652.94A5 

90    SH 

10 

899.041 

106    3H 

1184.403 

121  IIH 

11 

656.73 

90  11H 

11 

903.476 

106  m 

1180.493 

122    3H 

3»    0 

600.5214 

91  m 

34    0 

907.922 

106    0^4 

30    0 

1104.693 

122    6M 

661.3214 

91    4H 

1 

912.377 

107     Ji 

1100.719 

122   m 

668.1346 

91    7H 

2 

916.844 

107    4 

1204.824 

123     H 

671.9587 

91  lOH 

8 

921.323 

107    7H 

1209.958 

123    ZH 

675.7915 

92  m 

4 

925.810 

107  lOU 

1215.099 

123    634 

67».6373 

92    VA 

5 

930.311 

108    m 

1220.254 

123    9% 

683.4013 

92    8H 

6 

934.822 

108    4H 

1225  420 

124    IH 

687.3598 

92  1Ui 

7 

939.342 

108    7^4 

1230.694 

124    4V4 

601.2385 

93    2H 

8 

043.875 

108  lOH 

1235.782 

124    7H 

605.1028 

93    bH 

9 

048.419 

100    2 

1240.981 

124  lOH 

10 

690.0263 

93    8H 

10 

962.972 

109    6H 

1246.188 

125    m 

11 

702.9377 

93  llj* 

11 

957.538 

100    8H 

1291.408 

125    4.>4 

30    0 

706.88 

04    2T4 

35    0 

062.115 

100  im 

40    0 

1256.64 

125    VA 

710.791 

94    6 

1 

066.770 

110    2H 

1261.879 

125  11 

714.735 

94    9H 

2 

071.299 

110    5^ 

1267.133 

126   2V4 

718.69 

95     H 

3 

975.006 

110    8H 

1272.397 

126    5H 

722.654 

95    3H 

4 

080.526 

111    0 

1277.660 

126    8W 

726.631 

95    6«i 

5 

085.158 

111    3H 

1282.955 

126  UH 

730.618 

95   m 

6 

080.803 

111    6V4 

1288.252 

127    2H 

734.615 

96      % 

7 

004.451 

111    OH 

1293.557 

127    6H 

738.624 

96    4 

8 

009.115 

112      H 

1298.876 

127    9 

742.645 

96    7H 

9 

1003.70 

112    3fi 

1304.206 

128      H 

10 

746.674 

96  10H 

10 

1008.473 

112    6Ji 

1309.543 

128    3H 

11 

750.716 

97    IH 

11 

1013.170 

112  10 

1314.895 

128    6>i 

'  n  0 

754.780 

97    iH 

36    0 

1017.878 

113    IH 

41    0 

1320.257 

128    9H 

758.831 

97    m 

1 

1022.504 

113    4^4 

1325.628 

129      f4 

762.906 

97  lOH 

2 

1027.324 

113    756' 

1331.012 

129    Zli 

766.992 

98    2 

3 

1032.064 

113  10561 

1336.407 

129    7 

1         4 

771.086 

98    6H 

4 

10W.813 

114    Ui| 
114    iU 

1341.810 

129  lOH 

775.191 

98    8H 

5 

1041.676 

1347.227 

130    IH 

770.313 

98  lU^ 

6 

1046.349 

114    8 

1352.656 

130    4H 

783.440 

99    2H 

7 

1051.130 

114  IIH 

1358.091 

130    7H 

1                9 

787.581 

99    BH 

8 

1055.926 

116    2H 

1363.641 

130  10^4 

1                ^ 

791.732 

99    8H 

9 

1060.731 

115    6H 

1369.001 

181    m 

10 

705.892 

100    0 

10 

1066.546 

115    9M 

1374.47 

131    5 

11 

800.065 

100   3H 

11 

1070.374 

115  UH 

1379.952 

131   m 

32    0 

804.25 

100    6H 

37    0 

1075.2126 

116    2H 

42    0 

1386.446 

131  IIH 

1 

608.442 

100    9H 

1 

1080.060 

116    6 

1390.247 

132    2H 

812.648 

101      H 

2 

1084.020 

116  m 

1396.462 

132    5H 

816.885 

101    ZH 

3 

1089.701 

117      W 

1401.988 

132    844 

1         4 

821.090 

101    6H 

4 

1004.671 

117    3V^| 

1407.622 

132  IVA 

1         5 

825.329 

101  10 

5 

1090.564 

117    6H\ 

1413.07 

133    3 

829.579 

102  m 

6 

1104.469 

117    OH 

1418.629 

133  m 

833.837 

102    4H 

7 

1100.381 

118     H 

1424.195 

133    OH 

838.108 

102    7H 

8 

1114.307 

118    4 

1429.776 

134      H 

842.891 

102  lOH 

9 

1110.244 

118    7Hi 

9 

1435.367 

134    3H 

10 

846.681 

103    IH 

10 

1124.189 

118  101/*  1 

10 

1440.967 

134    654 

It 

850.985 

103    4H 

11 

1120.148 

119    IH 

11 

1446.680 

134    OH 
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Geometty  and  Mensuration 
Mntm  and  Circiunf  ersacet  ot  drdM  (Contiiitied) 


Part  1 


Di&m.. 
ft  in 

Cireum., 
ft    in 

Di&m.. 
ft  in 

Area, 
•qft 

Ciieum., 
ft    in 

Diam., 
ft  in 

sqft 

Cireum., 
ft    in 

43  0 

44  0 

45  0 

g 

1452.205 

1457.836 

1463.483 

1469.14 

1474.804 

1480.483 

1486.173 

1491.870 

1497.682 

1503.305 

1509.035 

1514.779 

1520.534 
1526.297 
1532.074 
1537.862 
1543.658 
1549.478 
1555.288 
1561.116 
1566.959 
1572.812 
1578.673 
1584.649 

1690.435 
1596.329 
1602.237 
1608.155 
1614.082 
1620.023 
1625.974 
1631.933 
1637.907 
1643.891 
1649.883 
1655.889 

135    1 
135    4H 
135    7H 

135  lOV^ 

136  IHj 
136  4^4 
136    7li 

136  11 

137  2V1*I 
137  5M' 
137    SH 

137  IIH 

138  2H 
138    5li 

138  9 

139  H 
139  3M 
139    6H 

139  9W 

140  f4 
140  2U 
140    7V6 

140  lOVi 

141  IH 

141  4H 
141    7^ 

141  mi 

142  m 

142    6 
142    8H 

142  im 

143  2H 
143  5H 
143    844 

143  11^ 

144  3 

46  0 

47  0 

48  0 

1661.906 

1667.931 

16n.97 

1680.02 

1686.077 

1692.148 

1608  231 

1704.321 

1710.425 

1716.541 

1722.663 

1728.801 

1734.947 

1741.104 

1747.274 

1753.455 

1759.643 

1765  845 

1772.059 

1778  28 

1784.515 

1790.761 

1797.015 

1803  283 

1809.562 
1816.848 
1822.149 
1828.460 
1834.779 
1841.173 
1847.457 
1853.809 
1860.175 
1866.552 
1872.937 
1879  335 

144    6H 

144  9U\ 

145  H' 
145  Z\'i\ 
145    6H 

145  9^^; 

146  ml 

146  4Vx, 
146    7>, 

146  lOH 

147  H-. 

147    4^v! 

147    754 1 

147  11     1 

148  2H| 
148  5H| 
148    8HI 

148  lUi 

149  2H 
149    5H 

149  8H 

150  H 
150  3»4 
160    6H 

150  9H 

151  W 
151  394 
151    6U 

151  10V6 

152  IM 
152  iH 
152    7h 

152  10-H 

153  1^4 
153  4'^ 
153    8>i. 

.    

40    0 
1 
2 
3 

4 
5 
6 
7 
8 
9 

1        ^° 
11 

50    0 

1 

1885.745 
1892.172 
1898.504 
1905.037 
1911.497 
1917.961 
1924.426 
1930.919 
1937.316 
1943.914 
1950.439 
1956.969 

1963.5 

163  UH 

154  2H 

164  6H 
164  m 

164  im 

155  2H 
155    6 

155  9M 

156  H 
156    ZM 

156  6^i 
166    9^4 

157  H 

Circular  Arcs 

To  find,  bj  the  foOowinc  table,  the  length  of  a  drcolar  are  when  ita  chord  and 
height,  or  Tersed  aine  ia  giren. 

Role.  Divide  the  height  by  the  chord;  find  in  the  column  of  heights  the 
number  equal  to  this  quotient;  take  out  the  corresponding  number  from  the 
column  of  lengths;  and  multiply  thb  number  by  the  given  chord. 

BiEample.  The  chord  of  an  arc  is  So  and  its  versed  sine  is  30.  What  is  the 
length  of  the  arc? 

Solution.  30 -f-  80 -•  0.375.  The  length  of  an  arc  for  a  height  of  0.375  ia» 
from  table,  1.34063.    80  X  1.34063  -  107.3504-  length  of  arc. 
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Xibto  of  Cocakr  Arcs 


flte  fLenctbJ  Ht9 

Ltticths 

] 

1 

.001  1  1.00001  1  .062 

1.01021 

.123 

1.03987 

.184 

1.08797 

.246 

1.16308 

jxa  I  ijooooi  1  .0^ 

1.01054 

.124 

1.04051 

.185 

1.08890 

.246 

1.15428 

.003 

1.00002 

.O&i 

1.01088 

.125 

1.0411P 

.186 

1.08984 

.247 

1.16649 

.OM 

1.00004 

.065 

1.01123 

.126 

1.041S1 

.187 

1.09079 

.248 

1.16670 

.005 

1.00007 

.066 

1.01158 

.127 

1.04247 

.188 

1.09174 

.249 

1.15791 

.006 

1.00010 

.067 

1.01193 

.128 

1.04313 

.189 

1.09269 

.260 

1.16912 

.007 

1.00013 

.068 

1.01228 

.129 

1.04.%0 

.190 

1.09365 

.261 

1.16034 

.006 

1.00017 

.069 

1.01264 

.130 

1.04447 

.191 

1.09461 

.262 

1.16166 

.009 

1.00022 

.070 

1.01301 

.131 

1.04515 

.192 

1.09657 

.263 

1.16270 

.010  1  1.00027 

.071 

1.01338 

.132 

1.04584 

.193 

1.09654 

.264 

1.16402 

.011     1.00032 

.072 

1.01376 

.133 

1.04652 

.194 

1.09752 

.255 

1.16626 

.012     1.00038 

.073 

1.01414 

.134 

1.04722 

.195 

1.09850 

.256 

1.16650 

.013  /  l.OOOiS 

.074 

1.01453 

.135 

1.04792 

.196 

1.09949 

.267 

1.16774 

.014 

1.00053 

.075 

1J)1493 

.136 

1.04862 

.197 

1.10048 

.268 

1.16899 

.015 

1.00061 

.076 

1.01533 

.137 

1.04932 

.198 

1.10147 

.260 

1.17024 

.016 

1.00069 

.077 

1.01573 

.138 

1.05003 

.199 

1.10247 

.260 

1.17150 

.017 

1.00078 

.07S 

1.01614 

.139 

i.aws 

.200 

1.10347 

.261 

1.17276 

.018 

1-00087 

.079 

1.01656 

.140 

1.05147 

.201 

1.10447 

.262 

1.17403 

.019 

1.00097 

.OSO- 

1.0169S 

.141 

1.05220 

.202 

1.10548 

.263 

1.17630 

.020 

1.00107 

.OSl 

1.01741 

.142 

1.05293 

.203 

1.10650 

.264 

1.17667 

-021 

1.00117 

.082 

1.01784 

.143 

1.05367 

.204 

1.10752 

.205 

1.17784 

.022 

1.00128 

.083 

1.01828 

.144 

1.05441 

.206 

1.10855 

JJ66 

1.17912 

.023 

1.0014O 

.064 

1.01872 

.145 

1.05516 

.206 

1.10958 

.267 

1.18040 

.024 

1.00153 

.0R5 

1.01916 

.146 

1.05391 

.207 

1.11062 

.268 

1.18169 

.025 

1.00167 

.08« 

1.01961 

.147 

1.05667 

.208 

1.11106 

.269 

1.18299 

.ai'i 

1.001S2 

.087 

1.02006 

.143 

1.05743 

.209 

1.11269 

.270 

1.18429 

027      1.001^0  1   .088 

1.02052 

.140 

1.05819 

.210 

1.11374 

.271 

1.18669 

028  1.002101    .089      1.02098 

029  \  1.00225  1    .090      1.02146 

.150 

1.05S96 

.211 

1.11479 

.272 

1.18689 

.151 

1.05973 

.212 

1.11584 

.273 

1.18820 

\  .030  \  1.002401    .Wl 

1.02192 

.152 

1.06051 

.213 

1.11690 

.274 

1.18951 

\  .031  1  l.O^^"  1   .092 

1.02240 

.153 

1.06130 

J214 

1.11796 

.275 

1.19082 

.a-G  \  1.0                .093 

1.02289 

.154 

1.06209 

.215 

1.11904 

.976 

1.19214 

1  SaZ  \  l.C            1   .094 

1.02330 

.155 

1.06288 

.216 

1.12011 

.277 

1.19346 

1  .034  \  l.C            1   .095 

1.02389 

.156 

1.06308 

J217 

1.12118 

.27.8 

1.19479 

\  i»5  \  l.(            1  .096 

1.02440 

.157 

1.06419 

.218 

1.12225 

.279 

1.19612 

1  .036  \lJ             1  .007 

1.02401 

.158 

1.06530 

.219 

1.12334 

.280 

1.19746 

1  .037  \l.             1  .098     1.02542 

.159 

1.06611 

.220 

1.12444 

.281 

1.19880 

1  .038  \  1,             1  .099     1.02593 

.160 

1.06693 

.221 

1.12554 

.282 

1.20014 

\  XSf^  \  1            'I  .100 

1.02645 

.161 

1.06775 

.222 

1.12664 

.283 

1.20149 

1  .040  11            '1  .101 

1.02698 

.162 

1.06858 

.223 

1.12774 

J284 

1.20284 

1  .041  \  1            r      .102 

1.02752 

.163 

1.06941 

.224 

1.12885 

.285 

1.20419 

1  J(K2  1  1            1     .103 

1.02806 

.164 

1.07025 

.225 

1.12997 

J?86 

1.20555 

'   />43  \              2     .104 

1.02860 

.165 

1.07109 

.226 

1.13108 

.287 

1.20691 

.044  I             5     .105 

1.02914 

.166 

1.07194 

.227 

1.13219 

Ji88 

1.20827 

J045  I             9     .106 

1.02970 

.167 

1.07279 

.228 

1.13331 

.289 

1.20964 

.046  1             3     .107 

l.aK)26 

.168 

1.07365 

.229 

1.13444 

.290 

1.21102 

i>47  I             17     .108 

1.03082 

.169 

1.07451 

.230 

i.i:«67 

J291 

1.21239 

A4R  \ 12 

.100 

1.03139 

.170 

1.07537 

.231 

1.13671 

J292 

1.21377 

.049  1  1J¥)63S 

.110 

1.03196 

.171 

1.07624 

.232 

1.13785 

.293 

1.21515 

OtO  1  1.00655 

.111 

1.03254 

.172 

1.07711 

.233 

1.13900 

.291 

1.21654 

.051      1.00692 

.112 

1.03312 

.173 

1.07799 

.234 

1.14015 

J295 

1.21791 

.052     1.00720 

.113 

1.03371 

.174 

1.07888 

.235 

1,14131 

.296 

1.21933 

1   .053     1.00748 

.114 

1.03430 

.175 

1.07977 

.236 

1.14247 

.297 

1.22073 

1   .054     1.00776 

.115 

1.03490 

.176 

1.08066 

.237 

1.14363 

.298 

1.22213 

.055 

1.00805 

.116 

1.03551 

.177 

1.08156 

.238 

1.14480 

.299 

1.22854 

.056 

1.00834 

.117 

1.03611 

.178 

1.08246 

.239 

1.14.597 

.300 

1.22495 

J057 

1.00S64 

.118 

1.03672 

.179 

1.08337 

.240 

1.14714 

.301 

1.22636 

.068 

1.00895 

.119 

1.03734 

.180 

'1.08428 

.241 

1.14832 

.302 

1J?2778 

J050 

1.00026 

.120 

1.03797 

.181 

1.08519 

.242 

1.14951 

.303 

1.22920 

,  oro 

li)0957 

.121 

1.03860 

.182 

1.08611 

.243 

1.15070 

.304 
.305 

1.230r>3 

i  J061 

1.00980 1  .122 

1.03923 

.183 

1.08704 

.244 

1.15189 

1J23206 

Digitiz 
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Hts 

Length! 

Ht8 

LengtbM 

Hts 

Lengthi 

HU 

Hta 

UogUii 

.30A 

1.23349 

.345 

1.2920D 

"IwT 

1.35575 

.428 

1.42402 

.462 

1.49651 

.907 

1.28402 

.340 

1.29360 

.885 

1.85744 

.424 

1.48503 

.468 

1.49042 

.m 

.347 

1.29523 

J81 

1.35014 

.425 

1.42704 

.464 

1.50088 

.809 

1.28781 

.348 

1.29681 

.887 

1.360B4 

.426 

1.42945 

.466 

1.50224 

.SIO 

1.28920 

.840 

1.29339 

.388 

1.36254 

.427 

1.43127 

-*!S 

1.50416 

Ml 

1.24070 

.850 

1.29997 

.389 

1.36425 

.428 

1.43809 

.407 

1.50606 

.812 

1.24210 

.851 

1.80156 

J90 

1.36596 

.429 

1.43401 

.468 

1.50800 

.818 

1.24801 

.852 

1.80315 

.891 

1.36767 

.430 

1.48673 

.469 

1.50092 

.814 

1JS4607 

.353 

1.30474 

.302 

1.36089 

.431 

1.43856 

.470 

^•5*K5 

.816 

1.24064 

.354 

1.80634 

.893 

1.37111 

.432 

1.44039 

.471 

1.51878 

.816 

1.24801 

.855 

1.30794 

.394 

1.37283 

.483 

1.44222 

.472 

1.51571 

.817 

1.24948 

.856 

1.30954 

.895 

1.37455 

.434 

1.44405 

.473 

1.51764 

.818 

1.25005 

.357 

1.31115 

.396 

1.3762S 

.435 

1.44589 

.474 

1.51958 

.819 

1.25243 

.358 

1.81276 

.307 

1.37801 

.436 

1.44773 

.475 

1.52152 

.820 

1.25891 

.859 

1.31437 

.398 

1.37974 

.437 

1.44957 

.476 

1.52346 

.821 

1.25540 

.860 

1.31599 

.399 

1.38148 

.438 

1.45142 

.477 

1.52541 

.822 

1.25089 

.801 

1. 317^11 

.400 

1.38322 

.439 

1.45327 

.478 

1.62786 

.328 

1.25888 

.362 

1.31923 

.401 

1.38496 

.440 

1.45512 

.479 

1.52981 

824 

1.25963 

.363 

l.?20e6 

.402 

1.38671 

.441 

1.45097 

.480 

1.53126 

.825 

1.28188 

.864 

1.3224<) 

.403 

1.38846 

.442 

1.45883 

.481 

1.53322 

.820 

1.20288 

.865 

1.32413 

.404 

1.39021 

.443 

1.46009 

.482 

1.53518 

.327 

1.20487 

.366 

1.32577 

.405 

1.39196 

.444 

1.16255 

.483 

1.53714 

.828 

1.20588 

.367 

1.32741 

.406 

1.39372 

.445 

1.46U1 

.484 

1.53910 

.320 

1.20740 

.368 

1.32905 

.407 

1.39548 

.446 

1.46623 

.485 

1.54106 

.830 

1.20892 

.369 

1.33069 

.408 

1.39724 

.447 

1.46815 

.486 

1.54302 

.831 

1.27044 

.370 

1.33234 

.400 

1.39900 

.448 

1.47002 

.487 

1.54499 

.832 

1.27190 

.371 

1.33399 

.410 

1.40077 

.449 

1.471S9 

.488 

1.54696 

.338 

1.27349 

.372 

1.33564 

.411 

1.40254 

.450 

1.47377 

.489 

1.54893 

.334 

1.27502 

.373 

1.33730 

.412 

1.40432 

.451 

1.47565 

.490 

1.55091 

.335 

1.27056 

.374 

1. 33*96 

.413 

1.40010 

.453 

1.47753 

.491 

1.56289 

.330 

1.27810 

.375 

1.34063 

.414 

1.40788 

.453 

1.47942 

.493 

1.554S7 

.337 

1.27904 

.376 

1.34229 

.415 

1.40986 

.454 

1.48131 

.493 

1.55685 

.338 

1.2811R 

.zn 

1.34396 

.416 

1.41145 

.455 

1.48320 

.494 

1.55884 

.339 

1.28273 

.378 

1.34563 

.417 

1.41324 

.456 

1.4<»0() 

.495 

1.56083 

.340 

1.28428 

.379 

1.34731 

.418 

1.41503 

.457 

1.48099 

.496 

1.56283 

.341 

1.28583 

J80 

1.31899 

.419 

1.41682 

.458 

1.48889 

.497 

1.56481 

.342 

1.M739 

.381 

1.35068 

.420 

1.41861 

.459 

1.49079 

.498 

LJ^eoi 

.343 

1.28895 

J582 

1.352.37 

.421 

1.42041 

.460 

1.49269 

.499 

1.568S1 

.344 

1.29063 

.383 

1.3540G 

.422 

1.42221 

.401 

1.4M60 

.500 

1.57080 

TftUe  of  Lenctht  of  Clrenlar  Area  whote  Radius  to  z 

Role.  Knowing  the  measure  of  the  drde  and  the  measure  of  the  arc  tn  d^rees, 
minutes  and  seconds;  take  from  the  table  the  lengths  opposite  the  number  of 
degrees,  minutes  and  seconds  in  the  arc,  and  multiply  their  sum  by  the  radius  of 
the  circle. 

Sample.    What  is  the  length  of  an  arc  subtending  an  angle  of  13^  27'  8" 
with  a  radius  of  8  ft. 
SolHtian.    Length  for  13*  •-  0.2268928 
27'  •■  0.0078540 
8"-  0. 0000388 

13**  47'  8"- 0.2347836 

8 

Length  of  arc   -  i  .8782848  ft 
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LcBSOs  of  Cifedlar  Arcs. 

IUu!ii»« 

1 

See 

Lenrh 

Min 

Length. 

I>«« 

lioncth 

Deg 

Length 

1 

0.0000048 

1 

0.0002909 

1 

0.0174533 

61 

1.0646508 

3 

0.0000097 

2 

0.0005818 

3 

0.0349066 

62 

1.0821041 

3 

0.0000145 

3 

0.0008727 

3 

0.0523509 

68 

1.0995574 

4 

0.0000194 

4 

0.0011636 

4 

0.069S132 

64 

1.1170107 

5 

0.0000242 

6 

0.0014544 

5 

0.0872605 

65 

1.1344040 

« 

0.0000291 

• 

0.0017453 

6 

0.1047198 

66 

1.1519173 

7 

0.0000339 

7 

0.0020362 

7 

0.1221730 

67 

1.1693706 

8 

0.000038S 

8 

0.0023271 

8 

0. 1396263 

68 

1.1868239 

• 

0.0000436 

9 

0.0026180 

9 

0.1570796 

60 

1.3042772 

w 

0.0000485 

10 

0.0Q290S9 

10 

0.1745329 

70 

1.2217305 

1    u 

0. 0000533 

11 

0.0031998 

11 

0.1919662 

71 

1.2391838 

12 

0.0000582 

12 

0.0034907 

12 

0.2094395 

72 

t. 2566371 

13 

0.0000«i30 

13 

0.0037815 

13 

0.226892S 

73 

1.2740904 

14 

0.0000079 

14 

0.0040724 

14 

0.2443461 

74 

1.2915436 

n 

0.0000727 

15 

0.0043633 

15 

0.2617994 

75 

1.3069969 

16 

0.0000776 

16 

0.0(M6542 

16 

0.2792527 

76 

1.3264502 

17 

O.0n(W24 

17 

0.0049451 

17 

0.2967060 

77 

1.3439035 

IS 

0.0000873 

18 

0.0052360 

18 

0.3141593 

78 

1.3613568 

19 

0.0000921 

19 

0.00552G9 

19 

0.3316126 

79 

1.87S8101 

20 

0. 0000070 

20 

0.U05S178 

20 

0.3490C59 

80 

1.3962634 

21 

0.0001018 

21 

0.0061087 

21 

0.3665191 

81 

1.4137167 

22 

0.0001067 

22 

0.0063995 

22 

0.3839724 

82 

1.4311700 

23 

0.0001115 

23 

0.0066904 

23 

0.4014257 

83 

1.4486233 

24 

0.0001164 

24 

0.0069813 

24 

0.4188790 

84 

1.4660768 

2S 

0.0001212 

25 

0.0072722 

25 

0.4363323 

85 

1.4835299 

M 

0.0001261 

26 

0.0075631 

26 

0.4537856 

86 

1.5000832 

27 

0.0001309 

27 

0.0078540 

27 

0.4712389 

87 

1.5184364 

28 

0.0001357 

28 

0.0081449 

28 

0.4886922 

88 

1.-5358897 

29 

0.0001406 

29 

0.0084358 

29 

0.50614.U 

89 

1.5533430 

ao 

0.0001454 

30 

0.0087266 

30 

0.5235988 

90 

1.5707963 

31 

0.0001503 

SI 

0.0090175 

31 

0  5410521 

91 

1.5882496 

32 

0.0001551 

32 

0.0093084 

32 

0.55S5064 

02 

1.6057029 

33 

0.0001600 

33 

0.0095993 

33 

0.5750587 

93 

1.6231562 

34 

0.0001648 

34 

0.0098902 

34 

0.5934119 

94 

1.6406095 

35 

0.0001697 

V» 

0.0101811 

35 

0.0108652 

95 

1.6580028 

30 

0.0001745 

36 

0.0101720 

36 

0.6283185 

96 

1.6755161 

37 

0.0001794 

37 

0.0107629 

37 

0.6*57718 

97 

1.6929^94 

38 

0.0001842 

38 

0.0110538 

38 

0.66.12251 

OS 

1.7104227 

39 

0.0001801 

39 

0.0113446 

39 

0.6806784 

99 

1.7278760 

40 

0.0001939 

40 

0.0116355 

40 

0.0981317 

100 

1.7453293 

41 

0.0001988 

41 

0.0119264 

41 

0. 71558 W 

101 

1.7627825 

42 

0.0002036 

42 

0.0122173 

42 

0.7330383 

102 

1.7802358 

43 

0.0002085 

43 

0.0125082 

43 

0.7504916 

103 

1.7976891 

44 

0.0002133 

44 

0.0127991 

44 

0.7679449 

104 

1.8151424 

45 

0.0002182 

45 

0.0130900 

45 

0.7863982 

105 

1 . 8325957 

46 

0.0002230 

46 

0.0133809 

40 

0.8028515 

106 

1.8500490 

47 

0.0002279 

47 

0.0136717 

47 

0.8203047 

107 

1.8675023 

4^ 

0.0002327 

48 

0.0130626 

48 

0.8377580 

lOS 

1.8849556 

49 

0.0002376 

49 

0.0142535 

49 

0.8552113 

109 

1.9024089 

50 

O.O0O2i24 

50 

0.0145444 

50 

0.8726616 

110 

1.9198622 

51 

0. 0007473 

51 

0.0148353 

51 

0.8901179 

111 

1.9373155 

52 

0.0002521 

52 

0.0151262 

53 

0.9075712 

112 

1.9547C88 

53 

0.0602570 

53 

0.0154171 

53 

0.9250245 

113 

1.9722221 

54 

0.0002618 

54 

0.0157080 

54 

0.0424778 

114 

1.9890753 

55 

0. 0002660 

55 

0.01599S9 

56 

0.0699311 

115 

2.0071286 

56 

O.O0O27I5 

56 

0.0162897 

56 

0.9773844 

116 

2.0245S19 

57 

0.0002763 

57 

0.0165806 

57 

0.9948377 

117 

2.0420352 

5ft 

0.0002812 

58 

0.0168715 

58 

1.0122910 

118 

2.05918^5 

» 

0.0002860 

59 

0.0171624 

59 

1 .0297443 

119 

2.0709418 

60 

O.000S909 

60 

0.0174533 

60 

1 .0471976 

120 

2.0943951 
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To  compute  the  chord  of  an  ere  when  the  chord  of  half  the  arc  and  the  Terved 
aine  are  ffvta, 

(The  versed  sine  is  the  perpendicuhtf  bp.  Fig.  32.) 
Role.    From  the  square  of  the  chord  of  half  the  arc 
subtract  the  square  of  the  versed  sine,  and  take  twice 
^     the  square  root  of  the  remainder. 
v     99     ri     y      A  Bsample.    The  chord  of  half  the  arc  is  60,  and  the 

CtordaS^  versed  sine  36.    What  is  the  length  of  the  choid  of  the 

arc?  

Solttdon.    Go'  —  36*  "■  2  304;    V2304  ■•  48;  and  48  X  3  »  96,  the  chord. 
To  compote  the  chord  of  an  arc  when  the  diameter  and  Teraed  aine  are  given. 
Multiply  the  versed  sine  by  2  and  subtract  the  product  from  the  diameter; 
then  subtract  the  square  of  the  remainder  from  the  square  oi  the  diameter  and 
take  the  square  root  of  that  remainder. 
Bsample.    The  diameter  of  a  circle  is  100  and  the  versed  sine  of  an  arc  36. 

What  is  the  chord  of  the  arc?  

Solodon.    36  X  2  -  72;     100  -  72  -  28;    100*  -  28"  -  9  2x6;    V9216  -  96, 
the  chord  of  the  arc. 

To  compote  the  chord  of  half  an  aic  when  the  chord  of  the  arc  and  the  veraed 
aine  are  given. 

Rule.    Take  the  square  root  of  the  sum  of  the  squares  of  the  versed  sine  and 
of  half  the  chord  of  the  arc. 
Enmple.    The  chord  of  an  arc  is  96  and  the  versed  sine  36.    What  is  the  chord 

of  half  the  arc? 

Solttdon.     V36«+48*-6o. 

To  compute  the  chord  of  half  an  arc  when  the  diameter  and  vened  afaie  are 


Rule.  Multiply  the  diameter  by  the  versed  sine  and  take  the  square  root 
of  their  product. 

To  compute  a  diameter. 

Role  I.    Divide  the  square  of  the  chord  of  half  the  arc  by  the  versed  sine. 

Rule  2.  Add  the  squaft  of  half  the  chord  of  the  arc  to  the  square  of  the 
versed  sine  and  divide  this  siun  by  the  versed  sine. 

BiEample.  What  is  the  radius  of  an  arc  whose  chord  is  96  and  whose  versed 
sine  is  36? 

Solution.  48*  +  36^ "  3  600;  3  600  +  36  ■•  100,  the  diameter;  and  the  radius 
-  50. 

To  compute  the  versed  aine. 

Rule.    Divide  the  square  of  the  chord  of  half  the  arc  by  the  diameter. 

To  compote  th*e  vened  sine  when  the  chord  of  the  arc  and  the  diameter  are 
given. 

Rule.  From  the  square  of  the  diameter  subtract  the  square  of  the  chord 
and  extract  the  square  root  of  the  remainder;  subtract  this  root  from  the  diam- 
eter and  halve  the  remainder. 

To  compute  the  length  of  an  arc  of  a  circle  when  the  number  of  degrees  and 
the  radiua  are  given. 

Rule  I.  Multiply  the  number  of  degrees  in  the  arc  by  3.14x6  multiplied  by 
the  radius  and  divide  by  180.  The  result  will  be  the  length  of  the  arc  in  the 
same  unit  as  the  radius. 

^       le 
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I  a.  Multiply  the  radius  of  the  circle  l^  0.0x745  and  the  product  by  the 
degrees  in  the  arc 

KiaimJft  The  number  of  degrees  in  an  arc  is  60  and  the  radius  is  10  in. 
YTbat  is  the  length  of  the  arc  in  inches? 

Solnrtw  xo  X3.1416X  60 «  1884.96;  and  1884.964-180-10.47  in.  Or, 
zo  X  OJ01745  X  60  -  1047  in. 

To  oonpate  the  length  of  the  arc  of  a  drde  when  the  length  is  given  in  de- 


(i)  Multiply  the  number  of  degrees  by  0.01745329  and  the  product 
by  the  radius.  (2)  Multiply  the  number  of  minutes  l^  0.00029  and  that  prod- 
uct by  the  radius.  (3)  Multiply  the  number  of  seconds  by  0.0000048  times 
the  radhis.  (4)  Add  together  these  three  results  for  the  length  of  the  arc 
(See  also,  tabl^  page  57) 

What  is  the  length  of  an  arc  of  do""  10'  5",  the  radius  being  4  ft? 

(1)  6o*  X  0.01745329  X  4  «  4188789  ft 

(2}  10'  X  0.00029       X  4  *  0.01 16     ft 

C3)    5"  X  0.0000048    X  4  ■  0.000096  ft 

(4)  The  length  of  the  arc  -  4.200485  ft 

To  campale  the  area  of  a  sector  of  a  circle  when  the  degrees  of  the  arc  and 
die  tadhia  are  given  (Fig.  SB). 

(The  degrees  of  the  arc  are  the  same  as  the  angle  aob.) 

Side.    Multiply  the  number  of  degrees  in  the  arc  by 
the  area  of  the  whole  circle  and  divide  by  360. 

Kxample.    What  is  the  area  of  a  sector  of  a  circle  whose 
radius  is  5  and  length  of  arc  60^ 

Sofartiioa.    Area   of   circle  »  10  X  xoX  0.7854  »  78.54 

,  ,         78.5X60 

Hence,  area  of  sector 13.09 

300 

Rode.    If  the  length  of  the  arc  is  given  in  degrees  and 
minutes,  reduce  it  to  minutes,  multiply  by  the  area  of  the  whole  circle  and  divide 
by  21  600. 

To  compute  tfie  area  of  a  sector  of  a  drde  when  the  length  of  the  arc  and 
nidiw  are  given. 

Sale.  Multiply  the  length  of  the  arc  by  half  the  length  of  the  radius.  The 
pndtict  is  the  area. 

To  ooaqNste  the  area  of  a  segment  of  a  drde  when  the  chord  and  versed  sine 
of  the  axe  and  the  ladins  or  diameter  of  the  drde  are  givexi. 

(The  versed  sine  is  the  distance  cd.  Fig.  33.) 

Bide  X.  When  the  segment  is  less  than  a  semidrde.  (i)  Find  the  area  of 
tbe  sector  having  the  same  arc  as  the  segment.  (2)  Find  the  area  of  a  triangle 
formed  by  the  chord  of  the  segment  and  the  radii  of  the  sector.  (3)  Take  the 
(fifferencc  of  these  areas. 

Bnle  a.  When  tiie  segment  is  greater  than  a  semicirde.  Find,  by  the  pre- 
onfing  rule,  the  area  of  the  lesser  portion  of  the  circle  and  subtract  it  from  the 
area  of  the  whole  drde.    The  reniainder  will  be  the  area. 

Tocoaspote  the  area  of  the  surface  of  a  sphere. 

ndc.  Multiply  the  diameter  by  the  drcumfeience.  The  product  will  be 
the  area  of  the  surface. 
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Fig.  34. 
Segment  of  Sphere 


Fig.  35. 
Zone  of  Sphere 


Bzample.    What  is  the  area  of  the  surface  of  a  sphere  lo  in  in  diameter? 
Solution.    Circumference  of  sphere  »  xoX  3-i4i6"  31.416  in;    xoX  31.416 
■•  314.16  sq  in,  the  area  of  surface  of  sphere. 
To  compute  the  total  srea  of  the  surface  of  a  segment  of  a  sphere. 
Rule.    Multiply  the  height  {be,  Fig.  34)  by  the  drctimference  of  the  sphere 
and  add  the  product  to  the 
area  of  the  base. 

To  find  the  area  of  the 
base,  having  the  diameter 
of  the  sphere  and  the 
length  of  the  versed  sine 
of  the  arc  oM,  find  the 
length  of  the  chord  ad  by 
the  rule  on  page  58.  Hav- 
ing, then,  the  length  of  the 
chord  ad  for  the  diameter 
of  the  base,  find  the  area 
of  the  base. 

Bzample.    The  height,  he,  of  a  segment  oM,  is  36  in,  and  the  diameter  of  the 
sphere  is  100  in  (Fig.  34).    What  is  the  area  of  the  convex  surface  and  the  area 
of  the  whole  surface? 
Solntion.    100  X  3-1416  «  314.16  in,  the  circumference  of  sphere 

36  X  3x4.16  "  11309.76  sq  in,  the  area  of  the  convex  surface 

100- (36X3)  -  28 

Vioo«  -  28«  -  96,  the  chord  ad 

96*  X  0.7854  -  7238.2464  sq  in,  the  area  of  the  base 

1x309.76+  7 238<2464  "  18548.0064  sq  in,  the  total  area 

To  compute  the  total  area  of  the  surface  of  a  spherical  zone. 
Rule.    Multiply  the  height,  cd  (Fig.  35),  by  the  circumference  of  the  sphere 
for  the  convex  surface  and  add  to  it  the  area  of  the  two  ends  for  the  total  area. 

Spheroids,  or  Ellipsoids 

Definitioii.  Spheroids,  or  ellipsoids,  are  figures  generated  by  the  revolution 
of  a  semiellipse  about  one  of  its  diameters. 

When  the  revolution  is  about  the  long  diameter,  they  are  psolate;  and 
when  it  is  about  the  short  diameter,  they  are  oblate. 

A  PROLATE  SPHEROID  is  approximately  dgar-shaped  aftd  an  oblate  SPBzaom 
is,  in  form,  somewhat  like  a  watch. 

To  compute  the  area  of  the  surface  of  a  spheroid. 

Let  a^  \i  the  long  axis;  let  6  ■•  H  the  short  axis; 

let  ^— ^  =  «•    or 


•■  a  Ta>  +  - 


ITE  SPHI 

m 


Then,  the  area  of  the  surpace  of  the  oblate  spheroid 

t 

and  the  area  of  the  siniPACE  of  the  prolate  spheroid 

t^  sin— *  t 
$ 
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In  the  first  formula,  natural  logarithms  must  be  used.  The  natmsl  loga- 
ritbm  may  be  obtained  by  multiplying  the  common  logarithm  by  2^02.  The 
\-aJue  of  the  erpression  sin~^  e  may  be  determined  by  finding  the  angle  whose 
natural  sine  is  equal  to  e  and  dividing  this  angle  by 
57  3- 

Note.  •  Although  the  above  formulas  are  compli- 
cated, DO  simpler  rules  that  give  correct  results  can  be 
given. 

To  compiite  the  area  of  the  sniface  of  a  cylinder. 

Rale.  Multiply  the  length  of  the  cylinder  by  the 
drcumference  of  one  of  the  ends  and  add  to  the 
product  the  areas  of  the  two  ends. 

To  compote  the  STM  of  a  drcular  ring  (Fig.  M).  ^*- ^'^    Circular  Ring 

Sale.    Find  the  area  of  both  circles  and  subtract  the  area  of  the  smaUer  from 
the  area  of  the  larger;  the  remainder  will  be  the  area  of  the  ring. 

To  eompote  the  area  of  the  lorfkce  of  a  cone. 


Multiply  the  circumference  of  the  base  by  one-half  the  slant-height 
or  side  of  the  cone,  for  the  convex  area.  Add  to  this  the  area  of  the  base,  for 
the  wboie  area. 

Example.    The  diameter  of  the  base  of  a  cone  is  3  in  and  the  slant-height  15  in. 
What  IS  the  area  of  the  surface  of  the  cone? 


3X3.1416 
9-^248  X7H 
3X3X0.7854 


-  9.4248 

-  70.686  sq  in 

-  7.068  sq  in 


-  circumference  of  base 
"  area  of  convex  surface 
»  area  of  base 


Area  of  entire  surface  of  cone  »  77.754  sq  in 

To  mmpntft  tiie  area  of  the  surface  of  the  fmatum  of  a  cone  (Fig.  91). 

Role.  Multiply  the  sum  of  the  circumferences  of 
the  two  ends  t^  the  slant-height  of  the  frustxmi  and 
divide  by  2,  for  the  area  of  the  convex  surface.  Add 
the  areas  of  the  two  ends. 

To  eomimCe  the  area  of  the  surface  of  a  pyramid. 

Ride.  Multiply  the  perimeter  of  the  base  by  one- 
half  the  slant-height  and  add  to  the  product  the  area 
of  the  base. 

To  compote  Hie  area  of  the  surface  of  the  frostum  of  a 
pyramid. 

Ride.  Multiply  the  sum  of  the  perimeters  of  the 
two  ends  by  the  slant-height  of  the  frustump  halve  the 
product,  and  add  to  the  result  the  areas  of  the  two 
ends. 


F%.a7.  Frustum  of  Cone 


To 


Mensuratioii  of  Solids 

the  volume  of  a  prism.    (See  page  38  for  definiUon  of  a  prism.) 
Multiply  the  area  of  the  base  or  end  by  the  altitude  or  perpendicular 
fad^t. 

This  rule  ^;>plies  to  prisms  with  bases  or  ends  of  any  shape,  as  long  as  these 
bases  or  ends  are  parallel. 
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To  oomimte  the  ▼olame  of  a  prismoid. 

DeflnitioQ.  A  prismoid  is  a  solid  with  parallel  but  unequal  ends  or  bases 
and  with  quadrilateral  sides. 

Role.  To  the  sum  of  the  areas  of  the  two  ends  or  bases  add  four  times  the 
area  of  the  middle  section  parallel  to  them,  and  multiply  this  sum  by  one-sixth 
of  the  altitude  or  perpendicular  height. 


Fig.  38.    Quadrangular  Prismoid 


• 7 

Fig.  39.    Prism  Truncated  Obliquely 


Bsample.    What  is  the  volume  of  a  quadrangular  prismoid,  as  Fig.  38,  in 
which  0^  -  6  in,  o^ -  4  in,  ac -  A« -  lo  in,  ce  -  8  in,  f/-  8  in  and  »A  -  6  in? 


Sdtttioii.    Area  of  top 

Area  of  bottom 

Area  of  middle  section 


6  +  4 


X  lo  -  50  sq  in 
X  10  »  70  sq  in 
X  10  »  60  sq  in 


8+6 

2 
6  +  &, 
2 
[50+  70+  (4  X  6o)l  X  H  -  480  cu  in 

J  Note.    The  length  of   the   end   of   the 

middle  section  (as  at  mfi,  in  Fig.  38)  >■ 


To  find  the  Tolame  of  a  prism  truncated 
obliquely. 

Role.    Multiply  the  area  of  the  base  by 
the  average  height  of  the  edges. 

Enmple.    What    is    the    volume    of    a 
truncated  prism  (Fig.  39)  in  which  «/  -  6 
in, /A  -  10  in,  M  »  10  in,  ct »  12  in,  ik  -  10 
in  and/6  -  8  in? 
Fig.  40.    Wrfge^  Right  TriMguto       s«l«ti«i.     Area   of    base- 6X10 -60 

sqin 


Priam 


'Avenge  height  of  edges  - 


10+  12  +  8+10 


I  xoin 


60  X  10  »  600  cu  in 
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Multiply  the  area  of  one  end  by  the  length  of  the  wedge. 
I  the  voliime  of  e  wedge  when  the  ends  axe  not  penfleL 

Add  together  the  lengths  of  the  three  edges,  ab,  cd  and  ef  (Fig.  40); 
-.ddply  their  sum  by  the  altitude  or  perpendicular  height  of  the  wedgei,  axid 
'Jicii  by  the  breadth  <^  the  back,  and  divide  the  product  by  6. 

Regular  Pdyhedroiis 

DcfeitfaB.  A  regular  polyhedron  is  a  solid  contained  within  a  certain  num- 
ber of  amilar  and  equal  plane  faces,  all  of  which  are  equal  regular  polygons. 
V'j:  fdlowiDg  is  a  list  of  all  the  regular  polyhedrons: 

.i)  The  TETRAHEOKON.  or  pyramid. 

.2)  The  BEXAHEDRON,  or  cube,  which  has  six  square  faces. 

>jl  The  ocTAHEDOtON,  which  has  eight  triangular  faces. 

14)  The  OODECAHEDEON,  which  has  twelve  pentagonal  faces. 

15)  The  KXISABEDRON,  which  has  twenty  triangular  faces. 
To  jMiiMtfr  the  vohune  of  a  resolar  polyhedron. 

Sale  z.  When  the  ndhis  of  the  draunacriUag  iiihere  is  siron.  Multiply 
*j^  cube  of  the  radius  of  the  sphere  by  the  multiplier  opposite  to  the  polyhedron 
b  LX^Dmn  2  of  the  following  table. 

Sale  a.  When  the  radioa  of  the  faiscribed  sphere  is  given.  Multiply  the  cube 
<-i  the  radios  of  the  inscribed  sphere  by  the  multiplier  opposite  to  the  polyhedron 
c  colonui  3  of  the  table. 

Bale  3.  When  tiie  area  of  the  sarface  of  the  polyhedroii  is  given.  Cube  the 
surface  given,  extract  the  square  root,  and  multiply  the  root  by  the  multiplier 
jppofiite  to  the  polyhedron  in  column  4  of  the  table. 

TiMe  of  FactOf*  for  Determining  the  Volomes  of  Regnlar  Polyiiedrona 


1 

1 

Number 
dfsidee 

% 

Factor  for 

volume  by 

radius  of 

sphere 

S 

Faetorfor 

volume  by 

radius  of 

mscnbed 

ctrele 

A 

Factor  for 

volume  by 

surface^ 

1  Taumhaditm 

1  iff-^fMr**.^^, 

4 
6 
8 
12 
20 

0.5132 
1.6396 
1.33333 
2.78617 
2.63616 

13.86641 
8.0000 
6.9282 
5.66029 
6.05406 

0.0517 

0.06804 

0.07311 

0.08169 

0.0656 

\  Oetahadfoa 

Dodeahedion 

,  I'mabedron 

To  cempefe  the  volume  of  a  cylinder. 

Ute.    Multiply  the  area  of  the  base  by  the  altitude  or  length. 

To  taiupiilie  the  volume  of  a  cone. 

Multiply  the  area  of  the  base  by  one-third  the  altitude^ 
I  the  volume  of  the  Iraatum  of  a  cone  (Fig.  41). 
Side.    Add  together  the  squares  of  the  diameters  of  the  two  ends  or  bases 
tod  the  product  of  the  two  diameters;  multiply  this  sum  by  0.7854,  and  this 
pndoct  by  the  altitude,  and  then  divide  this  last  product  by  3. 
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Fig.  41.   Frustum  of  Cone 


What  is  the  volume  of  &  frustum  of  a  cone  9  io  in  height,  5  in  in 
diameter  at  the  base  and  3  in  in  diameter  at  the  top? 

Solution.  S*+3'-34-  3X  S^  ^S-  iS+34-49» 
the  sum  of  the  squares  of  the  two  diameters  added  to 
the  product  of  the  diameters  of  the  ends.  49  X  0.7854 
-  38.4846. 

38.4846  X  9  «       . 

-  ii5'4S38  CO  m 

3 

Td  compute  tht  Totume  of  a  pyramid. 
Rule.    Multiply  the  area  of  the  base  by  the  altitude 
or  perpendicular  height,  and  take  one-third  of  the 
product. 
To  compute  the  Tolume  of  the  frustum  of  a  pyramid. 
Rule.    Find  the  height  that  the  pyramid  would  be  if 
the  top  were  put  on,  and  then  compute  the  volume  of 
the  completed  pyramid  and  the  volume  of  the  part 
added;  subtract  the  latter  from  the  former,  and  the  remainder  will  be  the  volume 
of  the  frustum. 
To  compute  the  volume  of  a  sphere. 
Rule.    Multiply  the  cube  of  the  diameter  by  0.5236. 
To  compute  the  volume  of  a  segment  of  a  sphere. 

Rule  I.    To  three  times  the  square  of  the  radius  of  its  base  add  the  square  of 
its  height;  multiply  this  sum  by  the  height  and  the 
product  by  0.5236. 

Rule  a.  From  three  times  the  diameter  of  the 
sphere  subtract  twice  the  height  of  the  segment; 
multiply  this  remainder  by  the  square  of  the  height 
and  the  product  by  0.5236. 

Example.  The  segment  of  a  sphere  has  a  radiu^ 
ac  (Fig.  42),  of  7  in  for  its  base,  and  a  height,  cb,  of 
4  in:  what  is  its  volume? 

Sohitioo.     (By  Rule  I.)     3  X  7*- i47.and  147+ 4* 
-  163,  or  three  times  the  square  of  the  radius  of  the    Fig.  42.    Segment  of  Sphere 
base    plus    the    square    of    the    height.     163  X4X 

0.5236=341.3872    cu    in  =  the    volume   of    the 
segment. 

Second  Solution.    By  the   rule  for  finding  the 
diameter  of  a  circle  when  a  chord  and  its  vcrse^l 
sine  are  given,  we  find  that  the  diameter  of  the 
sphere  in  this  case  is  16.25  in;  then,  by  Rule  2, 
(3  X  16.25)- (2X4) -40.75;     and    40.7s  X  4*  X 
05236=341.3872    cu    in,    the    volume    of    the 
segment. 
To  compute  the  Tolwne  of  a  sphsfkal  loa*. 
Deftoitioo.    The  part  of  a  sphere  included  be- 
tween two  parallel  planes  (Fig.  43). 
Rule.    To  the  sum  of  the  squares  of  the  radii  of  the  two  ends  add  one-third 
of  the  square  of  the  height  of  the  zone;  multiply  this  sum  by  the  height  and  that 
product  by  x.5708. 


Fig.  43.    Zone  of  Sphere 
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Fig.    44.     Parabo- 
loid of  Revolution 


Fig.  iS.     Hyperboloid 
of  RevolutioQ 


To  compmim  the  woimmm  of  a  prolAto  spheroid.    (See  page  60.) 

S«k.  Multiply  the  square  of  the  short  axis  by  the  long  axis  and  this  product 
t;>  0.5336. 

to  onmyt^  fhie  Tolnmo  of  an  oblate  efheroid. 

Kdc  Multiply  the  square  ol  the  long  axis  by  the  short  axis  and  thb  product 
-v  0 5356. 

To  coMpBte  the  Tolnme  of  a  paraboloid  of  re?olution  (Fig.  44). 

Irfe.  Multiply  the  area  of  the  base 
bj  ^aif  the  altitude. 

To  coMpote  the  Tohune  of  a  hyperbo- 
^i  of  revototum  (FIc-  dS). 

Rale.  To  the  square  of  the  radius 
d  the  base  add  the  square  of  the 
-tile  diameter;  multiply  thb  sum 
:y  the  height   and  the    product  by 

To  coBpote  the  Tohune  of  any  figure 

■  rCTOhdKML 

Role.    Multi(Uy  the  area  of  the  generating  surface  by  the  circumference 
ksoibed  by  its  center  of  gravity. 
To  eonpate  the  volttme  of  an  excavation,  where  the  gpround  ia  irregular  and 
tac  boonm  of  the  excavation  is  level  (Fig.  46). 

Rale.  Divide  the  surface  of  the  ground  to  be  excavated  unto  equal  squares 
iK  about  10  ft  on  a  side,  and  ascertain  by  means  of  a  level  the  height  of  each 
t  ncT,  a,  a,  a,  b,  h,  b,  etc.,  above  the  level  to  which  the  ground  is  to  be  excavated. 
Thca  add  together  the  heights  of  all  the  comers  that  come  in  one  square  only. 

Next  take  twice  the  sum  of  the 
heights  of  all  the  corners  that 
come  in  two  squares,  2ls  b,b,b; 
next  three  times  the  sum  of  the 
heights  of  all  the  comers  that 
come  in  three  squares,  &sc,CfC; 
and  then  four  times  the  sum  of 
the  heights  of  all  the  comers 
that  belong  to  four  squares,  as 
d,  J,  rf,  etc.  Add  together  all 
these  quantities,  and  multiply 
their  sum  by  one-fourth  the  area 
of  one  of  the  squares.  The 
result  will  be  the  volume  of  the 
excavation. 

Example.    Let  the  plan  of  an  excavation  for  a  cellar  be  as  shown  in  Fig.  46, 
i' 1  the  heights  of  each  comer  above  the  proposed  bottom  of  the  cellar  be  as 
^<  en  by  the  numbers  in  the  figure.    Then  the  volume  of  the  cellar  will  be  bs 
i^Li/ws,  the  area  of  each  square  being  10  X  10  »  100  sq  ft: 
Volume-  H  ol  100  (tf's+2fr'*  +  3  c's  +  4rf*s) 

Thetf'sin  this  case -44-6  +  3  +  2+1  +  7  +  4  -27 
aXthe  sum  of  theft's- 2X  (3  +  6+1  +  4  +  3  +  4)  -42 
3Xthesumof  thec'8  =  3X(i  +  3  +  4)  -24 

4Xthe5umof  th«</'i-4X(2  +  3  +  6  +  2)  -^ 

145 
Volume  -  25  X  i45  —  3  625  cu  ft,  the  quantity  of  earth  to  be  excavated. 
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4.  GEOMETRICAL  PROBLEMS 

Problem  z.    To  l>i*ect,  or  divide  i&to  equal  parts,  a  ffvm  line,  ab  (Tig.  4T). 

From  a  and  b,  with  any  radius  greater  than  half  of  ab,  describe  arcs  inter- 
secting  in  c  and  d.  The  line  cd,  connecting  these  intersections,  will  bisect  ab 
and  be  perpendicular  to  it. 


><» 


Fig.  47.    Line  Bisected 


Fig.  48.    Perpendicular  from    Fig.   49.      Perpendicular 
Point  to  Given  Line  from  Point  to  Given  Line 


Problem  a.  To  draw  a  perpendicular  to  a  given  straight  line  from  a  point  with- 
out it. 

First  Method  (Fig.  48).  From  the  point  a  describe  an  arc  cutting  the  line 
be  in  two  places,  as  e  and  /.  From  e  and  /  describe  two  arcs,  with  the  same 
radius,  intersecting  in  g;  then  a  line  drawn  from  a  to  ^  is  perpendicular  to  the 
line  be. 

Second  Method  (Fig.  4t).  From  any  two  points,  d  and  c,  at  some  distance 
apart  in  the  given  line,  and  with  radii  da  and  ca  respectively,  describe  arc 


)^^ 


Fig.  50. 


Perpendicular  from  Point 
in  Given  Line 


Fig.  51.  Perpendicular 
from  Extremity  of 
Given  Line 


cutting  at  a  and  e.  Draw  ae,  which  is  the  perpendicular  reequired.  This 
method  is  useful  wjiere  the  given  point  is  opposite  the  end  of  the  line,  or  nearly 
so. 

Problem  3.  To  draw  a  perpendicular  to  a  straight  line  from  a  given  point,  a, 
in  that  line. 

First  Method  (Fig.  80).  With  any  radius,  from  the  given  point  a  in  the  line, 
describe  arcs  cutting  the  line  in  the  points  b  and  c.  Then  with  b  and  c  as  centers, 
and  with  any  radius  greater  than  ab  or  ac,  describe  arcs  cutting  each  other  at 
d.    The  line  da  a  the  perpendicular  required. 
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Fig.  52.  Perpendicular 
from  Extremity  of  Given 
Line 


(Fie.  sx)«  vlieii  the  given  point  is  at  the  end  of  the  line. 

From  any  point,  b,  outside  of  the  line,  and  with  a  radius  ba,  describe  a  semi' 

didc  passing  through  a  and  cutting  the  given  line 

at  d.    Through  b  and  d  draw  a  straight  line  inter- 

sectiag  the  semicircle  at  e.     The  line  ea  will  then  be 

perpendicular  to  the  line  oc  at  the  point  a. 
Third  Mctfiod  (Fig.  gft),  or  the  3,  4  and  5  Method. 

From  the  point  a  on  the  given  line  measure  off  4  in, 

(7  4  ft,  or  4  o£  any  other  unit  and  with  the  same  unit 

of  measure  describe  an  arc,  with  a  as  a  center  and 

3  onits  as  a  radius.     Then  from  b  describe  an  arc 

with  a  radius  of  s  units,  cutting  the  first  arc  in  c. 

Then  ca  b  the  perpendicular  required.    This  method 

is  particularly  useful  in  laying  out  a  right  angle  on 

Use  ground,  or  framing  a  house  where  the  foot  is  used  as  the  unit  and  the  lines 

aie  laid  off  by  the  straight-edge. 
In  laying  out  a  right  angle  on  the  ground,  the  proportions  of  the  triangle  may 

be  30,  40  and  50,  or  any  other  multiple  of  3,  4  and  5;  and  it  can  best  be  laid 

<nt  with  the  tape.     Thus,  first  measure  off,  say  40  feet  from  a  (Fig.  62)  on  the 

liven  line;  then  let  one  person  hold  the  end  of  the  tape  at  6,  another  hold  the 

tape  at  the  8o-f  t  mark  at  a,  and 
a  third  person  take  hold  of  the 
tape  at  the  50-ft  mark,  with  his 
thumb  and  finger,  and  pull  the 
tape  taut.  The  so-ft  mark  will 
then  be  at  the  point  c  in  the  line 
of  the  perpendicular. 

Problem  4.    To  draw  a  straight 
line  parallel  to  a  given  line  at  a 
given  distance  away  (Fig.  U). 
From  any  two  points  near  the  ends  of  the  given  line  describe  two  arcs  about 

cpposite  the  given  line.    Draw  the  line  cd  tangent  to  these  arcs  and  it  will  be 

parallel  to  ab. 
ProU«m  s-    To  coostmct  an  angle  equal  to  a  given  angle  (Fig.  84). 
WHh  the  point  A ,  at  the  apex  of  the  given  angle,  as  a  center,  and  any  radius, 

describe  the  arc  BC.    With  the  point  a,  at  the  vertex  of  the  new  angle,  as  a 


Fig.  53.    SCzmi^it  line  Parallel  to  Given  Line 


A  B       a 

Fig.  54.    Angle  Equal  to  Given  Angle  Fig.  56.    Angle  of  60* 

center,  and  with  the  same  radius  as  before,  describe  an  arc,  as  BC.  With  BC 
as  a  radius  and  6  as  a  center,  describe  an  arc  cutting  the  other  arc  at  e.  Then 
wiQ  cab  be  equal  to  the  given  angle  CAB. 

Problem  6.  From  a  point  on  a  given  line  to  draw  a  line  making  an  angle  of 
60**  wiCh  the  given  Une  (Fig.  6S). 

Take  any  distance,  as  o^,  as  a  radius,  and  with  a  as  a  center,  describe  the  arc 
he    With  6  as  a  center  and  with  the  same  radius,  describe  an  arc  cutting  the 
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Fig.  56.    Aiigfeof45* 


fint  one  at  c.    Draw  from  a  a  line  through  c,  and  it  will  make  with  ab  an  angle 

o£6o°. 
Problem  7*    From  a  giren  point.  A,  on  a  girea  line,  AB,  to  draw  a  line  maldag 

an  angle  45**  with  the  given  line  (Fig.  M). 

Measure  off  from  A,  <m  AE,  any  distance,  Ab,  and 
at  b  draw  a  line  perpendicular  to  AE.  Measure  off 
on  this  perpendicular  be  equal  to  Ab  and  draw  a  line 
from  A  through  c.  This  line  Ac  will  make  an  angle  of 
4S"*  with  AE. 

Problem  8.  From  any  point.  A,  on  a  giren  line,  to 
draw  a  line  which  will  make  any  desired  angle  with  the 
given  line  (Fig.  IT). 

To  solve  this  problem  the  tables  of  chords  on  pages  8x 
to  89  are  used.  Find  in  the  table  the  length  of  chord 
to  a  radius  r,  for  the  given  angle.    Then  take  any 

radius,  as  large  as  convenient  and  describe  an  arc  of  a  circle  be,  with  i4  as  a 

center.    Multiply  the  chord  of  the  angle,  found  in  the  table,  by  the  length  of 

the  radius  Ab,  and  with  the  product  as  a  new  radius  and  with  6  as  a  center, 

describe  a  short  arc  cutting  be  in  d.    Draw  a  line 

from  A  through  d  and  it  will  make  the  required 

angle  with  DE. 
Example.    Draw  a  line  from  A  on  DE,  making 

an  angle  of  44**  40'  with  DE  (Fig.  67). 
Solution.    The  largest  convenient  radius  for  the 

arc  is  8  in.    With  i4  as  a  center  and  8  in  as  a 

radius,  describe  the  arc  be.    In  the  table  of  chords, 

the  chord  for  an  angle  or  arc  of  44"  40'  to  a 

radius   t   is  0.76.    Multiplying  this  by  8  in,  the 

length  of  the  new  radius  is  6.08  in;  and  with  this  as  radius  and  with  (  as  a 

center,  describe  an  arc  cutting  be  md.    Ad  will  be  the  line  required. 


Fig.   57.    Line  Making  Any 
Angle  with  Given  Line 


Problem  8a. 
two-foot  rule. 


To  lay  off  a  given  angle  approximately,  by  meana  of  an  ordinary 


Tables  of  Aaglet  Corresponding  to  Openings  of 

a  Two>Foot  Rule  * 

In. 
H 

DecMin.  1 
1  12 

[n. 

D6g.MiD. 
U  22 

In. 

Deg.Min. 

In. 

Deg.  Min. 

In. 

]5eg.Kin. 

21  37 

32  3 

8^4 

42  46 

1  48   i 

iH 

U  58 

22  13 

6^4 

32  40 

43  24 

vi 

2  24 

12  34 

*94 

22  50 

33  17 

9 

44  3 

3  00 

H 

13  10 

23  27 

7 

33  54 

44  42 

H 

3  36 

13  46 

5 

24   3 

34  33 

H 

45  21 

4  U    2 

14  22 

24  39 

"m 

35  10 

45  59 

I 

4  47 

14  58 

H 

25  16 

35  47 

*U 

46  38 

5  28 

H 

15  34 

25  53 

W 

36  25 

47  17 

H 

6  68 

16  10 

'ii 

26  30 

37  3 

'h 

47  56 

6  34 

H 

16  46 

27  7 

H 

37  41 

48  35 

ii 

7  10 

17  22 

'ii 

27  44 

38  19 

10 

49  15 

7  40 

H 

17  59 

28  21 

s" 

38  57 

49  54 

H 

8  22 

18  S5 

6* 

28  58 

39  85 

H 

50  34 

8  58    i 

19  12 

29  85 

"h 

40  18 

51  13 

2" 

9  34 

, 

19  48 

H 

30  a 

40  51 

'ii 

51  63 

10  10 

H 

20  24 

30  49 

"h 

41  29 

52  33 

'"U 

10  46 

21  00 

*H 

81  26 

42  7 

*  Trautwine. 
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Lay  one  leg  of  the  rule  on  tlie  paper  or  board  with  its  inner  edge  coinciding 
with  the  given  line.  Open  the  rule  until  the  distance  between  the  inner  edges  at 
the  ends  correspond  with  that  given  for  the  angle  in  the  following  table;  then 
draw  a  line  by  marking  along  the  inner  edge  of  the  other  leg,  axid  it  will  give  the 
desired  angle  within  a  very  close  approo- 

Preliiem  9.  To  bisect  a  given  angle,  ta 
BAG  (FSc-  M)* 

Wth  ii  as  a  center  and  any  radius, 
describe  an  arc,  as  cb.  With  c  and  b  as 
centers,  and  any  radius  greater  than  one- 
half  of  cb,  describe  two  arcs,  intersecting 

in  d.    Draw  from  A  a  line  through  d  and  «••    eo     a    1   »• 

it  will  WsttA  the  angle  ByfC.  ^«-"-    Angle  Bisected 

Problem  10.  To  bisect  the  angle  included  between  two  lines,  as  AB  and  CD, 
when  tiie  vsrtsx  of  the  angle  is  not  on  the  drawing  (Fig.  09). 

Draw/6  parallel  to  AB  and 
cd  parallel  to  CD,  so  that  the 
two  lines  intersect,  as  at  i. 
Bisect  the  angle  eid,  as  in  the 
preceding  problem,  and  draw 
a  line  through  i  and  0  which 
will  bisect  the  angle  between 
the  two  given  lines. 

Problem  zi.  Through  two 
given  points,  B  and  C,  to 
describe  an  arc  of  a  clrde  with 
a  given  radios  (Fig.  60). 

With  B  and  C  as  centers 
and  with  a  radius  equal  to  the 
given  radius,  describe  two  arcs  intersecting  at  A .  With  i4  as  a  center  and  the 
same  radius,  describe  the  arc  be,  which  will  pass  through  the  given  points,  B  and  C. 

Problem  za.    To  find 

the    center   of    a   given 

drde  (Kg.  <1). 
Draw  any  chord  in  the 

drde,  as  ab,  and  bisect 

this  chord  by  the  per- 
pendicular cd.    This  line 

win    pass   through    the 

center  of  the  drde  and 

ef  will  be  a  diameter  of 
the  drde.  Bisect  ef,  and  the  center  0  will  be  the 
center  of  the  drde. 

RroUsm  Z3.    To  draw  a  drcolsr  arc  through  three 
given  points,  as  A,  B  and  C  (Fig.  61). 

Draw  lines  from  A  toB  and  from  J9  to  C.    Bisect 
AB  and  BC  by  the  lines  aa  and  cc  and  prolong  these  lines  until  they  intersect 
at  tf,  which  will  be  the  centtr  for  the  arc  sought.    With  0  as  a  center  and  Ao 
as  a  radius,  describe  the  arc  ABC,  ^  I 
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Fig.  M.    Angle  Bisected.    Angle  not  on  Drawing 


Fig.  60.  Circular  Arc  Through 
Two  Given  Points 


Pig.  61. 


Center  of  Given 
Citde 


70 


Geometrical  Piobleois 


Part  1 


62.    Circular  Arc  Through 
Three  Given  Points 


Fig.  63.    Frame  (or  Drawing  Circular  Are 


Problem  14.  To  describe  a  dtcolar  arc  passiiic  through  three  given  points 
when  the  center  is  not  available,  bj  means  of  a  triangle  (Fig.  tt). 

Let  A ,  B  and  C  be  the  given  points.  Insert  two  stiff  pins  or  nails  at  A  and  C. 
Place  two  strips  of  wood,  55,  as  shown  in  the  figure,  one  against  A,  the  other 
against  C,  and  inclined  so  that  their  intersection  shall  come  at  the  third  point, 
B.  Fasten  the  strips  together  at  their  intersection  and  nail  a  third  strip,  T, 
to  their  other  ends,  so  as  to  make  a  firm  triangle.  Place  the  pendl-point  at  B, 
and,  keeping  the  edges  of  the  triangle  against  A  and  C,  move  the  triangle  to  the 
left  and  right.    The  pendl-point  will  describe  the  required  arc. 

When  the  points  A  and  C  are  at  the  same  distance  from  £,  if  a  strip  of  wood 
is  nailed  to  the  triangle,  so  that  its  edge  dc  \s  at  right->angles  to  a  line  joining 
A  and  C,  as  the  triangle  is  moved  one  way  or  the  other,  the  edge  iU  will  always 
point  to  the  center  of  the  drde.    This  prindple  is  used  in  linear  perspective. 

Problem  15.  To  describe  a  circular  arc  which  will  be  tangent  at  a  given  point, 
A,  to  a  straight  Une,  and  pass  through  a  given  point,  C,  outside  the  line  (Fig.  M). 

Draw  from  A  a  line  perpendicular  to  the  given  line.    Connect  A  and  C  by  a 
straight  line  and  bisect  this  line  by  the  perpendicular  ac. 
two  perpendiculars  intersect  is  the  center  of  the  drde. 

A 


The  point  where  these 


Fig.  64.    Circular  Arc  Tangent 
to  Line  at  Given  Point 


Reversed  Curve  Between  Parallel  Lines 


Problem  16.  To  connect  two  parallel  lines  by  a  reversed  curve  composed  of 
two  circular  arcs  of  equal  radius,  and  tangent  to  the  lines  at  given  points,  as  A 
and  B  (Fig.  M). 

Join  A  and  B  and  divide  the  line  into  two  equal  parts  at  C.  Bisect  CA  and 
CB  by  perpendiculars.  At  A  and  B  erect  perpendiculars  to  the  given  lines,  and 
the  intersections  a  and  b  will  be  the  centers  of  the  arcs  composing  the  required 
curve. 
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Fig.  66.    Curve  of  Thrw  Circular  Arcs 


17-  On  a  gir«a  line,  m  AB  (Fig,  M),  to  constnict  m  compouad  eunre 
of  tkne  arcs  of  circles,  the  radii  of  the  two  side  srcs  being  equal  ud  of  a  giren 
leactli*  and  their  centers 
bdac  in  the  giwen  line.  The 
ceatral  arc  is  to  pass  thronch 
1  given  pointt  C,  on  the  per- 
pWMHmlaT  bisecting  the  given 
lae^  and  ia  to  be  tangent  to 
die  Mher  two  arcs* 

Draw  the  perpemltcular 
CD.  Lay  oQ  Aa,Bb  And  Cc, 
each  equal  to  tlie  given  radius 
of  the  side  arcs;  draw  ac; 
bisect  sc  by  a  perpendicular. 
The  intersection  of  this  line 
with  the  perpendicular  CD 
k  the  required  center  of  the 
oential  arc  Through  a  and  b  draw  the  lines  Dc  and  De*;  from  a  and  6,  with 
the  given  radius,  equal  to  Aa,  B6,  describe  the  arcs  Ae'  and  Be;  from  £)  as  a 
center,  and  with  CD  as  a  radius,  describe  the  arc  eCe* 
which  completes  the  curve  required. 

Problem    t8.     To 
Btmct  a   triangle 
given  straight  line  or  base, 
the  length  of  the  two  sides 
being  given  (Figs.  67  and 
66). 

First    An  equilateral  tri- 
angle (Fig.  6T).    With  the 
extremities  A   and  B  of  the  given  line  as  centers  and  with  i4B  as  a  radius, 
describe  arcs  cutting  each  other  at  C.    Join  AC  and  BC. 

Second.  A  scalene  triangle  (Fig.  66).  Let  i4Z>  be  the  given  base  and  the  other 
twu  sides  be  equal  to  C  and  B.  With  Z>  as  a  center,  and  with  a  radius  equal  to 
C,  describe  at  E  an  arc  of  indefinite  length.  With 
i4  as  a  center  and  with  B  as  a  radius,  describe  an  arc 
cutting  the  first  at  E.  Join  £  with  A  and  D. 
ADE  b  the  required 
triangle. 

Problem  i9-  To 
describe  a  circle  about 
a  triangle  (Fig  66). 

Bisect  two  of  the 
sides,  as  AC  and  CB, 
of  the  triangle,  and    Fig.  70. 
at  their  centers,  erect 
perpendicular    lines, 
as  9e  and  be,  intersecting  at  e.    With  «  as  a  center,  and  eC  as  a  radius,  describe 
a  dfde.     It  will  pass  thro\«gh  A  and  B, 
Problem  so.    To  inscribe  a  ctcde  in  a  triangle  (Fig.  TO). 
Bisect  two  of  the  angles,  A  and  B,  of  the  triangle  by  lines  cutting  each  other 
U  «.    With  <»  as  a  center,  and  with  oe  as  a  radius,  describe  a  circle.    It  will  be 
',  to  the  other  two  sides. 


r«.  67.    EqniUteral  Tri- 
ugk  on  Given  Base 


Fig.  68.    Scalene  Triangle  on 
Given  Base 


Fig.  60.    Triangle  and  Cir- 
ounsciibed  Cixde 


Triangle  and  Inscribed 
Circle 
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Problem  ai.    To  iascribo  m  square  in  a  drcle  and  to  describe  a  drde  ftbout  «. 

square  (Fif.  Tl). 

To  inscribe  the  square.  Draw  two  diameters,  AB  and  CD,  at  right-anslcs 
to  each  other.    Join  the  points  A,  D,  B  and  C.    ADBC  is  the  inscribed  square. 

To  describe  the  circle.  Draw  the  diagonals  as  before,  intersecting  at  £,  &nd 
with  £  as  a  center  and  i4£  as  a  radius,  describe  the  drcle. 

G 


Fig.  71.    Inscribed  Square  and 
Circumscribed  Circle 


Fig.  72.    lascribed  Circle  and 
Circumscribed  Square 


Problem  aa.  To  inscribe  a  circle  in  a  square  and  to  describe  a  square  about  m 
circle  (Fig.  TS). 

To  inscribe  the  circle.  Draw  the  diagonals  AB  and  CD,  intersecting  at  £. 
Draw  the  perpendicular  EC  to  one  of  the  sides.  Then  with  £  as  a  center,  and 
EG  as  a  radius,  describe  a  circle.  It  will  be  tangent  to  all  four  sides  of  the 
square. 

To  describe  the  square.  Draw  two  diameters,  AB  and  CD,  at  right-angles 
to  each  other,  and  prolonged  beyond  the  circumference.  Draw  the  diameter 
GF,  bisecting  the  angle  CEA  or  BED.  Draw  lines  through  G  and  F  perpen- 
dicular to  GF,  and  terminating  in  the  diagonals.  Draw  AD  and  CB  to  coni- 
plete  the  square. 

Problem  as.    To  inscribe  a  pentagon  In  a  drde  (Fig.  7B). 


Fig.  73.    Cirde  and  Inscribed 
Pentagon 


Fig. 


74.     Circle    and    Inscribed 
Hexagon 


Draw  two  diameters,  AB  and  CD,  at  right-angles  to  each  other.  Bisect  AO 
at  E.  With  £  as  a  center  and  £C  as  a  radius,  cut  OB  at  F,  With  C  as  a  center 
and  CF  as  a  radius,  cut  the  circle  at  G  and  H,  With  these  points  as  oenten  and 
the  same  radius,  cut  the  cirde  at  /  and  /.  Join  /,  /,  G,  C  and  //.  IJGCIII  is 
the  inscribed  regular  pentagon.  ^  t 
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1 34-    To  mtcribe  «  r«ciilar  hfUMgon  in  a  circle  (Tig.  T4). 

LAy  afi  on  the  circumference  the  radius  of  the  drde  six  times,  and  connect 
tfaepobita. 

VnMma  as-  To  conatmct  a  regiilar  hezscon  npon  a  given  atnigbt  line,  AB 
(Fig.  W). 

From  A  and  B,  with  a  radius  equal  to  AB,  describe  arcs  intersecting  at  O. 
With  O  as  a  center  and  a  radios  equal  to  AB,  describe  a  drde,  and  from  A  or 
JS  lay  off  the  lengths  BC,  CD,  DE,  EP  and  PA  on  the  circumference  of  the  drcle. 
ABCDEFA  is  the  required  regular  hexagon. 


Fis.  75.    Regular  Hexagon  on  Given 
Line 


A  B 

Fig.  76.    Regular  Qctagon  on  Given 


Problem  s6.  To  construct  a  regular  octsgon  npon  a  given  straight  line.  AB 
(Kg.Tg). 

Produce  the  line  AB  both  ways  and  draw  the  perpendiculars  Aa  and  Bb,  of 
inde6nite  length.  Bisect  the  external  angles  at  A  and  B  and  make  the  length 
of  the  bisecting  lines  equal  to  ^B.  From  H  and  C  draw  lines  parallel  to  ^4  a  or 
Bb  and  equal  in  length  to  AB.  From  G  and  D  as  centers  describe  arcs,  with 
a  radius  AB,  cutting  the  perpendiculars  Aa  and  Bb  in  P  and  E.  Draw  GP, 
FE  and  ED.    ABCDEFGHA  b  the  required  octogon. 


Fig.  77.    Square  and  Inscribed 
Regular  Octsgon 


Fig.  78.    Circle  and  Inscribed 
Regular  Octagon 


27*    To  conatmct  a  regular  octuon  in  a  square  (Fig.  TV). 
I>raw  the  diagonals  AD  and  BC  and  from  ^.  B,  C  and  D,  with  a  radius  equal 
to  AO,  describe  arcs  cutting  the  sides  of  the  square  in  4,  fr,  c,  d,  e,  /,  h  and  t . 
Dzair  adtV,^  vod  €h,    oihfeM^  is  the  required  octHtfon. 
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Problem  a8.    To  inscribe  a  regular  octafon  in  a  circle  (Fig.  78). 

Draw  two  diameters,  AB  and  CA  &t  right-angles  to  each  other.  Bisect  the 
angles  AOD  and  AOC  by  the  diameten  EF  and  GE,  AEDHBFCGA  is  the 
required  octagon. 

ProUem  ag.    To  inscribe  a  drde  within  a  regular  polygon. 

First.  When  the  polygon  has  an  even  number  of  sides,  as  in  Kg.  7f .  Bisect 
two  opposite  sides  at  A  and  B,  draw  AB  and  bisect  it  at  C  by  a  diagonal,  Z)£, 
connecting  two  opposite  angles,  as  D  and  E.  The  circle  drawn  with  a  radius 
CA  and  with  C  as  a  center  is  the  inscribed  circle  required. 


Fig.  70.  Regular  Polygon,  Even 
Number  of  Sides,  with  Inscribed 
and  Circumscribed  Circles 


Fig.  80.  Regular  Polygon,  Odd 
Number  of  Sides,  with  In- 
scribed and  Circumscribed 
Circles 


Second.  When  the  nnmber  of  sides  is  odd,  as  in  Fig.  80.  Bisect  two  of  the 
adjacent  sides  as  at  A  and  B,  and  draw  lines,  AE  and  BD,  to  the  opposite  angles, 
and  intersecting  at  C.  The  circle  drawn  with  C  as  a  center  and  Ci4  as  a  radius 
is  the  inscribed  circle  required. 

Problem  30.    To  draw  a  circumscribing  circle  around  a  regular  polygon. 

First  When  the  number  of  sides  is  even,  as  in  Fig.  79.  Draw  two  diagonals 
from  opposite  angles,  as  ED  and  GH,  intersecting  at  C.  The  circle  drawn  with 
C  as  a  center  and  with  CD  as  a  radius  is  the  circumscribing  circle  required. 

Second.  When  the  number  of  sides  is  odd,  as  in  Fig.  80.  Determine  the 
center,  C,  as  in  the  last  problem.  The  circle  drawn  with  C  as  a -center  and  CD 
as  a  radius,  is  the  circumscribing  circle  required. 


Problems  on  the  Ellipse,  the  Parabola,  the  Hyperbola  and  the 
Cycloid 

The  Ellipse 

Problem  31.  To  describe  an  ellipse,  the  length  and  breadth,  or  the  two  axes, 
being  giren. 

First  Method  (Fig.  fel),  the  two  axes,  AB  and  CD,  being  given.  On  AB  and 
CD  as  diameters  and  from  the  same  center,  O,  describe  the  circles  AGBII  and 
CLDK.  Take  any  convenient  number  of  points  on  the  circumference  of  the 
outer  circle,  as  h,  b\  b",  etc.,  and  from  them  draw  lines  to  the  center,  0,  cutting 
the  inner  drcle  at  the  points  a,  a',  a",  etc.,  respectively.  From  the  points 
(,  b\  etc.,  draw  lines  parallel  to  the  shorter  axis  CD;  and  from  the  points  a. 
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•\  ctc^  draw  lizies  panUel  to  tbe  longer  axis  AB,  and  intenecting  the  first  set 
o4  lines  at  c,  c',  c",  etc  These  last  points  will  be  points  in  the  ellipse,  and  by 
detcnnming  a  suflkient  number  of  them,  the  dlipse  can  be  drawn. 


Fig.  81.    ElUpse  Described  on  Given  Axes. 


Second  Melbod  (Fig.  81) .  Take  the  straight-edge,  made  of  a  stiff  piece  of  paper, 
cardboard  or  wood,  and  from  some  point  as  a,  mark  off  ab  equal  to  half  the 
shorter  diameter  CA  and  ac  equal  to  half  the  longer  diameter  AB.  Place 
tbe  straight-edge  so  that  the 

point  fr  is  on  the  longer  and  D 

tbe  point  c  on  the  shorter 
(fiameter.  Then  will  the  point 
«  be  over  a  point  m  the  ellipse. 
Make  od  the  paper  a  dot  at  a 
and  move  the  straight-edge 
around,  always  keeping  the 
points  b  and  c  over  the  major 
and  minor  axes  respectively. 
In  this  way  any  number  of 
points  in  the  ellipse  may  be 
determined  and  the  elltpae 
drawn. 


Fig.  82.    EOipBe  Described  with  Stnught-Edge 


TUid    Method    (Fig.    81). 
Gtveii.  Am  two  axes,  AB  and 
CD.    FtDm  the  point  Z>  as  a 
center,  and  a  radius  AO,  equal  to  one-half  of  AB,  describe  an  arc  cutting  AB 
at  F  and  F'.    These  two  points  are  called  the  fod  of  the  ellipse. 

note.    One  property  of  the  ellipee  Is,  that  the  sums  of  the  distances  of  any 
two  points  on  the  drcumferenoe  fiom  tbe  fod  are  Uie  same.    ThmF*D-\rDP'»^ 
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GeometricBl  Problems 


Part   1 


Fix  two  pins  in  tbe  axis  AB  at  F  and  F'  and  loop  upon  them  a  thread,  oc 
cord  equal  in  length,  when  fastened  to  the  pins,  to  AB,  so  as,  when  stretched 

as  per  dotted  line  FDF\  it 
will  just  reach  to  the  extremity 
D  of  the  short  axis.'  Place  a 
pencil-point  inside  the  chord, 
as  at  E,  and  move  the 
pencil  along,  keeping  the  cord 
stretched  tight.  The  pendl- 
Pfint  will  trace  the  ellipse 
required. 

Problem  3a.  To  dmw  a  tan- 
gent to  an  eUipse  at  a  giTen 
point  on  the  cnrre  CFig.  M). 

Let  it  be  required  to  draw 
a  tangent  at  the  point  E  on 
the  ellipse  shown.  First  de> 
terminc  the  foci  P  and  F'  as  in 
the  third  method  for  describing; 
an  ellipse,  and  from  E  draw 
lines  EF  and  EP\  Prolong  EP*  to  a,  so  that  Ea  equals  EP.  Bisect  the  ani$le 
aEP  by  describing  arcs  from  a  and  F  as  centers,  as  shown  at  ft,  and  through  b 
draw  a  line  through  E.  This  line  is  the  tangent  required.  If  it  is  required  to 
draw  a  line  normal  to  the  curve  at  £,  as,  for  instance,  the  joint  of  an  elliptical 


Fig.  83.    Ellipse  Described  with  String  and  Peadl 


Fig.  M.    Tangent  Drawn  to  Point  on  Ellipse 

arch,  bisect  the  angle  FEF*,  and  draw  the  bisecting  line  through  £,  and  it  will 
be  the  normal  to  the  curve  and  the  proper  line  at  that  point  for  the  joint  of  an 
elliptical  arch. 

Problem  33.  To  draw  a  tangent  to  an  elllpae  fron  a  gitea  point  ouliide  of  the 
cnrva  (f^  M). 

From  the  given  point  T  as  a  center,  and  with  a  radius  equal  to  the  distance 
to  tbe  nearer  focus  F,  describe  an  arc  of  a  drde.  From  F'  at  a  center,  and 
with  a  radius  equal  to  the  length  of  the  longer  axis  of  the  ellipee,  describe  arcs 
cutting  the  drde  just  described  at  a  and  b.    Draw  lines  from  F*  to  a  and  6, 

tcutting  the  eliipae  at  E  and  G.    Draw  lines  from  T  through  iS  and  G  and  they 

6,  ill  be  the  tangents  required. 
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Fig.8S»    Tangent  Drawn  to  EUipae  from  Point  Outiide 


^    To  doocribe  an  ellipao  approxinuittly,  by  mMuu  of  cifcular  nrca. 

fint.    Witli  arcs  of  two  radii  (Fig.  M).    Take  half  the  difference  of  the  two 

axes  AB  and  CD,  and  set  it  off  from  the  center  O  to  a  and  c  on  OA  and  OC; 

draw  ac  and  on ^4  J9  set  off  half  ac  from  a  to  d;  draw  di  parallel  to  oc;  set  off  Oe  equal 

to  Od;  join  ei  and  draw  em  and  dm  parallel  respectively. to  id  and  ie.    With 
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Fig.  86.    EDipM  Descnbed  with  Circular  Arcs  of  Two  Radii 

f»  as  a  center  and  with  a  radius  mC,  describe  an  arc  through  C,  terminating  in 
the  points  i  and  2  oa  md  and  me  produced.  With  «  as  a  center,  and  with  iD 
as  a  radius,  describe  an  arc  through  X>,  terminating  in  points  3  and  4  on  t^  and 
id  produced.  With^f  and  ««b  ceii<tecB,<le8cribe  arcs  through  A  and  0,  connecting 
the  points  i  and  4  and  2  and  3.  The  four  arcs  thus  described  form  approximately 
an  dfipse.  Has  nKtiiod  is  not  satisfactoiy  when  the  con|tigate  or  minor  ana 
ii  leu  tluMi  tivo-thirds  the  traasvetse  or  mahr  asb. 
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Geometrical  Problems 


Part  1 


'    Another  metibod  of  approximatiiig  an  eUipse  by  means  of  arcs  of  two  radii, 

is  shown  in  Fig.  87,  the  axis  major  AB  and  the  semiminor  axis  OC  hang 

given.  Draw  the  rec- 
tangle AabBA,  and  the 
diagonal  CB.  Lay  off 
Cc  equal  to  the  differ- 
ence between  OB  and 
OC.  Bisect  cB  at  Af  and 
erect  the  perpendicular 
YD,  intersecting  CO  pro- 
duced at  Y  and  OB, 
at  X.  Make  Ox^^Ox. 
Then  will  «,  *',  and  Y 
be  the  three  centers  re- 
quired, the  curves  be- 
coming tangent  at  D 
and  at  the  corresponding 
point  on  the  left-hand 
side  of  the  eUipse.    This 

Fig.  87.    EUipoe  Dcacribed  with  Circular  Arcs  of  Two  Radii    method     results    in    a 

curve  which  is  slightly 

fuller  at  the  haunches  than  the  curve  drawn  by  the  preceding  method. 
Second.    With  arcs  of  three  radii  (Fig.  88).    On  the  transverse  or  major  axis 


10               /               \' 

A                        ^ 

1      /»           p 

/ 


/ 


.^Y 


Fig.  68.    Ellipse  Dfltcribed  with  Circular  Arcs  of  Three  Radii 

AB  draw  the  rectangle  AGEBA,  equal  in  height  to  OC,  half  the  conjugate  or 
minor  axis.    Draw  i4  C  and  draw  CD  perpendicular  to  AC-    Set  off  OK  equal  to 
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OC,  and  oo  AX  as  a  diameter  describe  the  semicircle  ANK.  Draw  a  radius 
paraUei  to  OC,  interaectiiig  the  semidrde  at  N,  and  the  line  GE  at  P,  Extend 
OCt^L  and  to  />.  Set  off  OM  equal  to  PN,  and  with  Z>  as  a  center  and  with  a 
radivs  DM,  deaciibe  an  arc.  With  A  and  B  as  centers  and  with  a  radius  OL, 
intesect  this  arc  at  a  and  b.  The  points  H,  a,  Z7,  b  and  H\  are  the  centers  oi 
the  arcs  required.  Produce  the  lines  aH,  Da,  Db  and  bH\  and  thus  determine 
the  lengths  of  the  arcs.  This  method  is  practicable  for  nearly  all  ellipses.  It 
b  often  employed  for  vaults,  stone  arches  and  bridges. 

Note.    In  this  demonstration  the  point  B'  happens  to  coindde  with  the  point 
K,  but  this  need  not  necessarily  be  the  case. 


The  Parabola 

.  35.    To  describe  a  paraboU  when  the  Tertez  A,  the  axis  AB  and  a 
point.  M,  «f  the  cnnre  m  giren  (Fig,  M). 

Construct  the  rectangle  A  BMC  A.  Divide  MC  into  any  number  of  equdl 
parts»  four  for  instance.  Divide  AC  in  like  manner.  Connect  Ai,A2  and  ^43. 
Through  x',  2',  $\  draw  parallels  to  the  axis  AB.  The  intersections  I,  II  and 
III,  of  these  lines,  are  points  in  the  required  curve. 


/« 1 


a  A  b        ^        d         ^ 

Fig.  89.    Parabola  and  Tangent  to  Point  on  Parabola 


Problem  36.    To  draw  a  tangent  to  a  given  point,  II,  of  the  parabola  (Fig.  M). 

From  the  given  point  II  let  fall  a  perpendicular  on  the  axis  ABsitb.  Produce 
the  axis  to  the  left  of  i4.  Make  j4  a  equal  to  ^6.  A  line  drawn  through  a  and 
II  is  the  tangent  required.    The  lines  perpendicular  to  the  tangent  are  called 

NOaifALS. 

To  dniw  a  nonnal  to  any  point,  as  I,  the  tangent  to  any  other  point,  II  being 


Draw  the  normal  Ilr.  From  I,  let  fall  a  perpendicular  Id,  on  the  axis  AB. 
Lay  off  de  equal  to  be.  The  line  le  is  the  nonnal  required.  The  tangent  may  be 
drawn  at  I  by  laying  off  a  perpendicular  to  the  normal  le  at  I. 


The  Hyperbola 

If  from  any  point,  P,  of  an  hjrperbola,  two  straight  lines  are  drawn  to  two 
fixed  points,  as  F  and  P',  the  fod  of  the  hjrperbola,  their  ditference  is  always 
the  same. 

Problem  37.  To  describe  an  hyperbolm  when  a  vertex,  a,  the  given  difference 
ab  and  one  of  the  fod,  F  are  given  (Ffg.  90). 

Draw  the  axis  AB  of  the  hyperbola,  with  the  given  distance  ab  and  the  focus 
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Qeometrical  Problems 


Part  1 


F  marked  on  it. 


4     8    8 


From  h  lay  off  hPi  equal  to  oF  to  determine  the  other  focus  Fi. 
Take  any  point,  as  z  on  AB, 
and  with  ai  as  a  radius  and  F 
as  a  oenter,  describe  two  short 
arcs  above  and  below  the  axis. 
With  6i  as  a  radius,  and  F'  as 
a  center,  describe  arcs  cutting 
those  just  described,  at  P  and 
P\  Take  several  points,  as  2, 
3  and  4,  and  determine  the  cor- 
F°  responding  points  Pt,  Pi  and 
^  P%  in  the  same  way.  The 
curve  passing  through  these 
points  is  an  hyperbola. 

To  dniw  a  tangent  to  any 
point  of  an  hyperbola,  draw 
lines  from  the  given  point  to 
each  of  the  foci  and  bisect 
the  angle  thus  formed.  The 
bisecting  line  is  the  tangent 
required. 


Fig.  00.    Hyperbola  Described 


The  Cycloid 

The  CYCLOID  is  the  curve  described  by  a  point  on  the  circumference  of  a  circle 
roiling  in  a  straight  line. 

Problem  38.    To  describe  a  cycloid  (Fig.  91). 

Draw  the  straight  line  AB.  Describe  the  generating  circle  tangent  to  this 
line  at  its  middle  point  X>,  and  through  the  center  C,  of  the  circle,  draw  the  line 


A        6'       il 


2'       1'       D 
Fig.  01.    Cycloid  Described 


EE  parallel  to  A  B.  Let  fall  a  perpendicular  from  C  upon  A  B.  Divide  the  semi- 
circumference  into  any  number  of  equal  parts,  for  example,  six.  Lay  off  on  /1 5 
and  CE  distances  Ci',  \'2\  etc.,  equal  to  the  divisions  of  the  circumference. 
Draw  the  chords  Z>i,  />2,  etc.  From  the  points  i',  2',  3^  etc.,  on  the  line  CE, 
with  radii  equal  to  the  generating  circle,  describe  arcs  as  shown.  From  the 
points  i',  2',  3',  4',  5',  etc.,  on  the  line  BA,  and  with  radii  equal  respectively  to 
the  chords  Z)i,  Z)2,  Dz,  Z>4,  Z?5,  describe  arcs  cutting  the  preceding  arcs. 
The  intersections  are  points  of  the  required  cycloid. 
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Table  of  Chords.    Radios  -•  1.0000 


M,    r 


4* 


8* 


.156910.1743 
1572  0.1746 
1575  0.1749 
1578  0.1752 
15810.1755 
15840.1758 
1587  0.1761 
1589  jo.  1763 
1592  0.1766 
1595  0.1769 
1598  0.1772 

1601 10. 1775 
1604  0.1778 
1607)0.1781 
1610|0.1781 
0.1787 
0.1789 
0.1792 
0.1795 
0  1798 
0.1801 


C 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
U 
16 
17 
IS 
19 
20 

21 
23 
23 
24 

25 
28 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
43 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
56 

to 


0  0000  0 
0  0003 jo 
0.00060 
0.0009:0 

0  0012I0 

O.OOloO 
0.00170. 
0.0020:0 
0.0023  0 
0  0026;  0 
0.00290 


0175 
0177 
0180 
0183 
0186  0 


0032"0 
0035iO 

oa-yio. 

004110 
0044  jo 
00470 

00490 

oa>2io 

0O550 
0058  0 

0061  0 

00540 
0067  0. 
()070  0. 


0189 
0192 
0195 
0198  0 
0201  0 
02O40 

0207  0 
02090 


0349 
03.52 
0355 
0358 
0361 
0364 
0366 
036i) 
0372 
0375 
0378 


0212 
0315 
0218 
0221 
0324 
0227 
0230 


03810 
0384  0 


0624 
0526 
0629 
0532 
0535 
0538 
0541 
0»44 
0547 
0550 
0553 


0.0608 
0.0701 
0.0704 
0.0707 
0.0710 
0.0713 
0.0715 
0.0718 
0.0721 
0.0734 
0.0727 


03S7 
0390 
0393 
0396 
0398 
0401 
0404 
0233  0.0407 


«»73 

0076 

0079 

0081 

00S40 

008710 


0236 
0239 
0241 
0244 
0217 
0250 
0253 
02,-^ 

02.y-) 

.0262 


00900. 
00930 
0096  0 
009910 
0102  lO 
01050 


0108 
0111 
0113 
0116 


02650 
02680 
0271  0 
0273  0 
0276  0 
0279  0 


0282 
0285 
0288 
0291 


0119  0 
01220 
0125J0 
01280 
0131*0 
013410 
013710 
01400 
0143  !o 
0145  jO 


0294 
0297 
0300 

osai 

03^>5 

0308:0 

031110 


0814 
0317 
0320 


0  01480 
0.0151  0 

0  015410 

0  0157  0. 


0410 
0413 
0416 
0419 
0422 
0425 
0428 
0430 
0433 
0436 

0439 
0442 
0445 
0448 
0451 
0454 
.0457 
.0460 
0462 
.0465 

0468 
0471 
0474 
.0477 
0480 
0483 
04S6 
0489 
0492 
0494 


0  0160 

00163 

0.0166 

0.01©9 

0.0172,0 

0.0176|0 


0323  0 
0326  0 
0329  0, 
0332,0 
0335iO 
0337|0 
03400 
0343  0 
034610 
(048iO 


0556  0 
0558  0 


0561 
0564 
0567 
0570 
0573 
0576  _ 
0579  0 
05820 


0585  0 

0588  0. 
OoWO 
0593  0 
05960. 
O599'0, 
0602,0. 

06080. 
06110 


0614 
0617 
0619 
0622 
0625 
0628 
0631 
0634 
0637 
0640 


0730 
0733 
0736 
0739 
0742 
0745 
.0747 
0750 
0753 
0756 

0759 
0762 
07&5 
0768 
0771 
0774 
0776 
0779 
0782 
0785 

0788 
0791 
0794 
079: 

.0800 
0803 

.0806 

.0808 

.081 


0872 
0875 
0878 
08.S1 
0884 


0.1047  0. 
0.10500. 
0.1053|0. 


0.1055 
0.1058 
0887,0.1061 
0890  0.1064 
0893  Oul067iO. 
0896  0.1070  0. 
0899 10. 1073  0 
0901  0.1076  0 


0904 

0907 

0910 

0913 

0916 

0919 

0922 

09250. 

09280. 

09310. 


0 
0.0814  0 


003310. 
09360. 
0939|0. 
W^20. 
0945:0. 


0948 
0951 
09.54 
0957 
0960 


0497  0. 
0500  0. 
0603  0. 
0506  0. 
O5O0I0. 
0512|0. 
0515!0 
051810 
062i;0 
,06240 


0643  0 
0646  0 
064,910 
06510 
065410 
0657.0 
0660|0 
06630 
0666' 0 
06690 

0672  0 
067510. 
0678  0. 


0962  0 
0965  0 
09680 
0 
0974 
0977 
0980 
W>83 
0986 
0989 


0817  0 

0820  0 

0823  0 

0826 

0829 
.0832 

0835 

0838 

0840 
.0843 


0681 
06.S3 


0693 
0695 


0846 
0849 
0852 
08.55 
0858 
0861 
0864 
0867 
0669 
0872 


0992 
0994 
0997 
1000 
10a3 
lOmi 
1009 
.1012 
1015 
1018 


1021 
1023 
1026 
1029 
1032 
1035 
1038 
1041 
1044 
1047 


1079 

1082 

1084 

1087 

1000 

1093  0. 

10960. 

IO99I0. 

11020. 

1105jO. 

1108'0. 
llllO. 
1114  0. 
1116  0. 
1119  0. 
11220. 
11250. 
1128  0. 
1131  0. 
1134,0. 

1137'0. 
11400. 
1143  0. 
1145  0. 
1148  0. 
11510. 
11540. 
1157  0 
1160  0 
1163.0 

11660. 
1169^0. 
117210. 
1175|0. 
117710. 
11800. 
1183  0. 
1186:0. 
1189  0. 
1193,0. 


1221 
1234 
1227 
1230 
1233 
1235 
1238 
1241 
1244 
1247 
1250 

1253 
1256 
1259 
1262 
1265 
1267 
1270 
1273 
1276 
1279 


1395  0 
0 
1401 
1404 
1407 
1410 
1413 
1415 
1418 
1421 
1424 


1282  0. 
12S.5  0. 
12S8|0. 
12910. 
12^110. 
121»60. 
1299:0. 
1302  0. 

i3a5;o. 

1308  0. 


1311 
1314 
1317 
1320 
1323 
1325 
1328 
1331 
1334 
1337 

1340 
1343 
1346 
1349 
1352 
1355 
135: 
1360 
13«13 
1366 


1427 
1430 
1433 
1436 
1439 
1442 
1444 
1447 
1450 
1453 

1456 
1459 
1462 
1465 
1468 
1471 
1473 
1476 
1479 
1482 


1613 
1616 
1618 
1621 
1624 
1627 


1930  0.1804 
1633|0.1807 
163610.1810 
1639  0.1813 
1642  0.1816 
1645  0.1818 


.1647 
1650 
1653 
1656 


.iia5!o, 

.1198  0, 
.120110. 
.12040 
.1206'0. 
.1209  0. 


1315iO 
12180 
12210 


1369 

1372 

1375 

1378 

1381 

1384 

1386 

1389  0. 

1392  0 

1395  0 


1485 

1488 
1491  , 

wm\o 

149710 
1500  0 
1502  0 


0.1821 
0.1824 
0.1827 
0.1830 


1659  0.18.33 
1662'0.1836 
1665  0.18.39 
1668  0.1842 
1671,0.1845 
1674  0.1847 


1505 
1508 
151 


1514  0. 
1517  0. 
1520  0. 
1523  0. 


1676 
1679 
1682 
1685 


0.1850 
0.1853 
0.1856 
0.1859 


1526 
1529 
1531 
15.34 
1537 
1540 


1543  0. 
154<]0. 
1549^0. 
1552,0. 
I5.55I0. 
15.58  0. 
1560  0. 
156.3  0. 
150(5  0. 
1569|0. 


1688  0.1862 
1691  0.18<i.5 
169-4|0.18(kS 
1697  0.1871 
1700l0.1873 
17(W0.187() 
1705  0.1879 
1708  0.1882 
1711,0. 18<^5 
1714,0.1888 

171710.1891 
1720  0.1894 
1723  0.1897 
1726,0. 19<H) 
1729  0.1902 
17.32  0.190.5 
1734  0.1908 
17.3710  1911 
174n'0.1914 
1743i0.19l7 
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Table  of  Chordi  (Continued).    Radius  «  z.oooo 

M. 

IV 

tr 

IS* 

!*• 

15- 

IS* 

ir 

tsr 

!»• 

2»* 

M* 

M.I 

V 

0.1917'0.2091 

0.2264 

0.2437 

0.2611 

0.2783,0.2966*0.3129 

0.8301 

0.3473 

0.3645 

0' 

1 

0.1920,0.2093 

0.2267 

0.2440 

0.2613 

0.2786,0. 2959:0. 3132 

0.3304 

0.3476 

0.3648 

1 

2 

0.1923|0.2096 

0.2270 

0.2443 

0.2616 

0.2789;0.2962i0.3134 

0.3307 

0.3479 

0.3650 

2 

3 

0.19260.2099 

0.2273 

0.2446 

0.2619 

0.2792 

0.2965  0.3137 

0.3310 

0.3482 

0.3653 

3  1 

4 

0.1928  0.2102 

0.2276 

0.2449 

0.2622 

0.2796 

0.2968  0.3140 

0.3312 

0.3484 

0.3656 

4 

5 

0.1931  0.2105 
0.1934  0.2108 

0.2279 

0.2452 

0.2626 

0.2798 

0.29710.3143 

0.3316 

0.3487 

0.3659 

5  . 

6 

0.2281 

0.2455 

0.2628 

0.2801 

0.2973  0.3146 

0.3318 

0.3490 

0.3662 

6 

7 

0.1937  0.2111 

0.2284 

0.2458,0.2681 

0.2804 

0.2976  0.3149 

0.3321 

0.3493 

0.3665 

7 

8 

0.1940,0.2114 

0.2287 

0.2460 

0.2634 

0.2807 

0.297910.3152 

0.3324 

0.3496 

0.3668 

8 

0 

0.19430.2117 

0.2290  0.2463 

0.26360.2809 

0.29820.3155 

0.3327 

0.3499 

03670 

9 

10 

0.19460.2119 

0.2293 

0.3466 

0.2639 

0.2812 

0.2985 

0.3157 

0.8330 

0.3502 

0.3673 

10 

u 

0.1949!o.2122 

0.2296 

0.2469 

0.2642 

0.2815 

0.2988 

0.3160 

0.3333 

0.3504 

0.3676 

11 

12 

0.1952,0.2125 

0.2299 

0.2472 

0.2645 

0.2818 

0.2991 

0.3163 

0.3335 

0.8607 

0.8679 

12 

13 

0.19560.2128 

0.2302  0.2476 

0.2648 

0.2821 

0.29940  3166 

0.3338  0.3510 

0.3682 

13 

14 

0.19570.2131 

0  2306  0.2478  0.2661 

0.2824 

0.2996  0.3169 

0  33410.3513 

0.3685 

14 

15 

0.1960,0.2134 

0.2307  0.24810.2654 

0.2827 

0.2999;0.3172 

0.3344  0.3516  0.36881 

15 

16 

0.1963!0.2137 

0  2310  0.2484  0.2657 

0.2830 

0.80020.3175 

0.3347  0.3519 

0.3690 

16 

17 

0.1966  0.2140 

0.2313  0.2486  0.2660 

0.2832 

0.3005  0.3178 

0.33500.3522 

0.3693 

17 

18 

0.1969  0.2143 

0.2316'0. 2489  0.2662  0.2836:0.3008,0.3180 

0.3353 

0.3525 

0.3696 

18 

19 

0.1972,0  2146 

0.2319  0.2492  0.2666;0. 283810. 3011 

0.3183 

0.8355 

0.3527 

0.3699 

19 

20 

0.1975  0.2148 

0.2322  0.2495 

0.2668 

0.28410.3014 

0.3186 

0.8358 

0.3530 

0.3702 

20 

21 

0  1978'o.fil51 

0  2325  0.2498 

0.2671 

0.2844  0.3017 

0.3189 

0.8361 

0.3533 

0.3706 

21 

22 

0.1981|0.2154 

0.2328  0.2501 

0.2674,0. 2847,0. 301910. 3192 

0.3364 

0.3536 

0  3708 

22 

23 

0.19830.2157 

0.2331,0.2504 

0.26n  0.2850  0.3022  0.3195 

0.3367 

0.3539 

0.3710 

23 

24 

0.19860.2160 

0.2333i0.2507 

0.2680l0. 28530.3025  0.3198 

0.8370 

0.3542 

0.3713 

24 

25 

0.1989|0.2163 

0.23360. 2510  0.2683  0.2856j0.3028i0.3200 
0.2339,0.2512  0.2686  0.2858!o. 3031  0.3203 

0.8373 

0.3545 

0.3716 

25 

26 

0.199202166 

0.8376 

0.3547 

0.3719 

26 

27 

0.1995  0  2169 
0.1998  0.2172 

0.2342,0.2616,0.2688  0.2861,0.3034  0.3206 

0.3378 

0.3550 

0.3722 

27 

28 

0. 234510.2518 

0.269110.2864  0.3037  0.3209 

0.8381 

0.3553 

0.3725 

28 

29 

0.2001 

0.2174 

0.2348 

0.2521 

0.2694:0.2867  0.3040  0.3212 

0.3384 

0.3556 

0  3728 

29 

30 

0.2004 

0.2177 

0.2351 

0.2524 

0.2697  0.2870  0.3042  0.3215 

0.3387 

0.3559 

0.3730 

30 

31 

O.20O7 

0.2180 

0.2354 

0.2527 

0.270o'o.2873'o. 3045  0.3218 

0.3390 

0.3562 

0.3733 

31 

32 

0.2010 

0.2183 

0.2367  0.253010.270310.2876,0.3048  0.3221 

0.3393 

0.3565 

0.3736 

32 

33 

0.2012 

0  2186 

0.2369  0.2533  0.2706  0.2878  0.3051,0.3223 

0.3396 

0.3567 

0.3739 

33 

34 

0.2015 

0.2189 

0.2362  0.2536  0.2709  0. 288110. 30540. 3228 

0.3398 

0.3570 

0.3742 

34 

35 

0.2018 

0.2192 

0.^ 

0.2538|0. 2711:0. 2884  0.3057  0.3229 

0.3401 

0.3573 

0.3745 

35 

86 

0.2021 

0.2195 

0.2368 

0.2541  0.2714  0.2887:0.3060  0.3232 

0.340410.3576 

0.3748 

36 

37 

0.2024 

0.2198 

0.2371 

0.2544  0.2717  0.2890l0. 3063  0.3235 

0.3407 

0.3579 

0.3750 

37 

38 

0.2027 

0.2200 

0.2374 

0.2547,0.2720,0.2893  0.3065  0.3238 

0.3410 

0.3582 

0.3753 

38 

39 

0.2030 

0.2203 

0.2877 

0.2550 

0.2723  0.29W  0.3068  0.3241 

0.3413 

0.3585 

0.3756 

39 

40 

0.2033 

0.2206 

0.2380 

0.2553 

0.2726 

0.289910.30710.3244 

0.3416 

0.3587 

0.S759 

40 

41 

0.2036 

6.2209 

0.2383 

0.2556 

0.2729 

0.2902  0.307410  3246 

0.3419 

0.3590 

0.3762 

41 

42 

0.2038 

0.2212  0.23«5i0. 2569,0. 2732 

0.29040.3077  0.3249 

0.3421 

0.8593 

0.3765 

42 

43 

0.2041 

0.2215 

0.2388  0.2561  0.2734  0.2907  0.3080  0.3252 

0.3424 

0.3596 

0.3768 

43 

44 

0.2044  0.2218 

0.2391  0.2564  0.2737  0.2910  0.3083  0.3265 
0.2394  0.2567  0.2740 0.2913i0. 3086,0. 3258 

0.3427 

0.3599 

0.3770 

44 

45 

0.2047  0.2221 

0.3430 

0.3602 

0.3773 

45 

46 
47 

0.2060  0.2224  0.2397;0.2570|0.2743[0  291610.30880.3261 
0.2063  0.2226,0.2400'0.2573!0.2746  0.2919lo.3091  0.3264 

0.3433 
0.3436 

0.3605 
0.3608 

0.3776 
0.3779 

46 

47 

48 

0.2056  0  2229 

0.2403  0.2576  0.2749  0.2922  0.3094  0.3267 

0.3439 

0.3610 

0.3782 

48 

49 

0.2069 

0.2232 

0.2406  0.2579'0.2752  0.2925,0.3097,0.3269 

0.3441 

0.3613 

0.8785 

49 

50 

0.2062 

0.2235 

0.2409 

0.2682 

0.2755  0.2927 

0.3100j0.3272 

0.3444 

0.3616 

0.3788 

50 

51 

0.2065 

0.2238 

0.2411 

0.2585 

0.2758  0.2930 

0.310310.3275 

0.3447 

0.3619 

0.3790 

51 

52 

0.2067 

0.2241 

0.2414 

0.2587  0.2760;0.2933'0.3106  0.3278 

0.3450 

0.3522 

0.3793 

52 

53 

0.2070 

0.2244 

0.2417,0. 2590;0. 2763  0.29360. 3109  0.3281 

0.3453 

0.3625 

0.3796 

53 

54 

0.2073 

0.2247 

0. 2420!0. 2593  0.27660. 29390. 3111i0. 3284 

0.3456 

0.3628 

0.8799 

54 

55 

0.2076 

0.2260 

0.242310.2596  9.27690.2942  0.3114i0. 3287 

0.3459 

0.3630 

0.3802 

55 

56 

0.2079 

0.2253 

0.2426  0.2599!0. 2772  0.2945  0.3117,0.3289 

0.3462 

0.3633 

0.3805 

56 

57 

0.2082 

0.2256 

0.2429 

0.2602:o. 277510. 294810. 312010. 3292 

0.3464 

0.3636 

0.3808 

57 

58 

0.2085 

0.2258 

0.2432 

0.2805 

0.2778  0.2950  0.3123  0.3295 

0.3467 

0.3639 

0.3810 

58 

59 

0.2088 

0  2261 

0.2434 

0.2608 

0. 2781  >0. 2953  0.312610.3298 

0.3470 

0.3642 

0.3813 

59 

60 

0.2091 

0.2264 

0.2437 

0.2611 

0.2783|0.2956  0.3129  0.3301 

0.3473 

0.3645 

0.3816 

60 
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Table  of  Chords  (CoBtmaed).    Raditu 

»  X.0O0O 

M.    sr 

»»      »• 

W 

ar 

7T 

»» 

ar 

ar 

»• 

«r 

M. 

V  0.3816  0.3987|0.41^| 

0.4829 

0.4499 

0.4609 

0.4838 

0.5008 

0.5176 

0.5345 

0.6513 

~0^ 

1    0.381ft 

0.399O  0.4161 

0.4332 

0.4502 

0.4672 

0.4841 

0.5010 

0.5179 

0.5348 

0.5516 

1 

2    0.3822 

0.3998 

0.4164 

0.4334 

0.4505 

0.4675 

0.4844 

0.5013 

0.5182 

0.5350 

0.5518 

2 

3 

0.3S2S 

0.3896 

0.4167 

0.4337 

0.4508 

0.4677 

0.4847 

0.5016 

0.5185 

0.5353 

0.5521 

3 

4 

0.8828 

0.8999 

0.4170 

0.4340 

0.4510 

0.4680 

0.4850 

0.5019 

0.5188 

0.5356 

0.5524 

4 

5 

0.3830 

0.4002 

0.4172 

0.4343 

0.4513 

0.4683;0.4853 

0.5022 

0.5190 

0.5359 

0.5527 

5 

6 

0.3833 

0.4004 

0.4175 

0.4346 

0.4516 

0.468610.4855 

0.5024 

0.5193 

0.5362 

0.5530 

6 

7 

0.3836 

0.4007 

0.4178 

0.4349 

0.4519 

0.4689 

0.4858 

0.5027 

0.5196 

0.5364 

0.5532 

7 

8 

0.3839 

0.4010 

0.4181 

0.4352 

0.4522 

0.4692 

0.4861 

0.5030 

0.5199 

0.5367 

0.5535 

8 

9 

0.3842 

0.4013 

0.4184 

0.4354 

0.4525 

0.4694 

0.4864 

0.5033 

0.5202 

0.5370 

0.5538 

9 

10 

0.3845 

0.4016 

0.4187 

0.4357 

0.4527 

0.4697 

0.4867 

0.5036 

0.5204 

0.5373 

0.5541 

10 

11 

0.3848 

0.4019 

0.4190 

0.4360 

0.4530 

0.4700 

0.4860 

0.5039 

0.5207 

0.5376 

0.5543 

11 

12 

0.3850 

0.4022 

0.4192 

0.4363 

0.4533 

0.4703 

0.4872 

0.5041 

0.6210 

0.5378 

0.5546 

12 

U 

0.3853 

0.4024 

0.4195 

0.4366 

0.4536 

0.4706 

0.4875 

0.5044 

0.5213 

0.5381 

0.5549 

13 

14 

0.3866 

0.4027 

0.4196 

0.4369 

0.4539 

0.4708 

0.4878 

0.5047 

0.5216 

0.5384 

0.5552 

14 

IS 

0.3859 

0.4030 

0.4201 

0.4871 

0.4542 

0.47U 

0.4881 

0.5050 

0.5219 

0.5387 

0.5555 

15 

10 

0.3862 

0.4033 

0.4204 

0.4874 

0.4544 

0.4714 

0.4884 

0.5053 

0.5221 

0.5390 

0.5557 

16 

17 

0.3865 

0.4036 

0.4207 

0.4877 

0.4547 

0.4717 

0.4886 

0.5055 

0.5224 

0.5392 

0.5560 

17 

18 

0.3868 

0.4089 

0.4209 

0.4380 

0.4550 

0.4720 

0.4880 

0.5058 

0.5227 

0.5395 

0.5563 

18 

19 

0.3870 

0.4042 

0.4212 

0.4383 

0.4553 

0.4723 

0.4892 

0.5061 

0.5230 

0.5398 

0.5566 

19 

20 

0.3873 

0.4044 

0.4215 

0.4386 

0.4556 

0.4725 

0.4896 

0.5064 

0.5233 

0.5401 

0.5569 

20 

21 

0.3876 

0.4047 

0.4218 

0.4388 

0.4559 

0.4728 

0.4898 

0.6067 

0.5235 

0.6404 

0.5671 

21 

23 

0.3879 

0.4060 

0.4221 

0.4391 

0.4561 

0.4731 

0.4901 

0.5070 

0.5238 

0.5406 

0.5574 

22 

23 

0.3882 

0.4053 

0.4224 

0.4394 

0.4564 

0.4734 

0.4903 

0.5072 

0.5241 

0.5400 

0.5577 

23 

24 

0.3885 

0.4066 

0.4226 

0.4897 

0.4567 

0.4737 

0.4906 

0.5075 

0.5244 

0.5412 

0.5580 

24 

» 

0.3888 

0.4069 

0.4229 

0.4400 

0.4570 

0.4740 

0.4909 

0.5078 

0.5847 

0.5415 

0.5583 

25 

26 

0.3800 

0.4061 

0.4232 

0.4408 

0.4573 

0.4742 

0.4912 

0.5061 

0.5249 

0.5418 

0.5585 

26 

27 

0.38B8 

0.4064 

0.4235 

0.4406 

0.4576 

0.4745 

0.4915 

0.5084 

0.5252 

0.5420 

0.5588 

27 

28 

0.3896 

0.4067 

0.4238 

0.4408 

0.4678 

0.4748 

0.4917 

0.5086 

0.5255 

0.5423 

0.5591 

28 

29 

0.3899 

0.4070 

0.4241 

0.4411 

0.4581 

0.4751 

0.4920 

0.5089 

0.5268 

0.5426 

0.5694 

29 

80 

0.3902 

0.4073 

0.4244 

0.4414 

0.4584 

0.4754 

0.4923 

0.5092 

0.526; 

0.5429 

0.5607 

30 

31 

0.8906 

0.4076 

0.4246 

0.4417 

0.4587 

0.4767 

0.4926 

0.5096 

0.5263 

0.5432 

0.5699 

31 

32 

0.3906 

0.4079 

0.4249 

0.4420 

0.4590 

0.4769 

0.4929 

0.5098 

0.5266 

0.5434 

0.5602 

32 

33 

0.8910 

0.4081 

0.4252 

0.4422 

0.4593 

0.4762 

0.4932 

0.5100 

0.5269 

0.5437 

0.5606 

33 

34 

0.3913 

0.4084 

0.4266 

0.4425 

0.4595 

0.4765 

0.4934 

0.5103 

0.5272 

0.5440 

0.5608 

34 

35 

0.3916 

0.4087 

0.4258 

0.4428 

0.4508 

0.4768 

0.4937 

0.5106 

0.5275 

0.5443 

0.5611 

35 

36 

0.8919 

O.4090 

0.4261 

0.4431 

0.4601 

0.4771 

0.4940 

0.5109 

0.5277 

0.5446 

0.5618 

86- 

37 

0.3022 

0.4098 

0.4263 

0.4434 

0.4004 

0.4773 

0.4943 

0.5112 

0.5280 

0.5448 

0.5616 

37 

38 

0.3925 

0.4006 

0.4266 

0.4437 

0.4607 

0.4776 

0.4946 

0.5116 

0.5283 

0.5451 

0.5610 

38 

39 

0.3927 

0.4008 

0.4269 

0.4439 

0.4609 

0.4f79 

0.4948 

0.5117 

0.5286 

0.5454 

0.5622 

39 

40 

0.3990 

0.4101 

0.4272 

0.4442 

0.4612 

0.4782 

0.4951 

0.5120 

0.5289 

0.5457 

0.5625 

40 

41 

0.3933 

0.4104 

0.4275 

0.4445 

0.4615 

0.4785 

0.4954 

0.5123 

0.5291 

0.5460 

0.5627 

41 

42 

0.3936 

0.4107 

0.4278 

0.4448 

0.4618 

0.4788 

0.4957 

0.5126 

0.5294 

0.5462 
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8410,0. 
84130. 
84150 
84180. 
842110. 
8423  0. 
8426  0. 

8429*0 
843110 
84340. 
8437,0 
8439  0 
84420 
8444|0 
84470 
8450  0 
8452i0 


8508'0 
8510^0 
851310 
851610 
851SI0 
852110 
852310 
85260. 
8529  0. 
85310. 

8634  0 
8537(0 
8539  jo 
864210 
85450 
8547 10 
8.W0'0 
8552  0 
8555^0 
8558jO. 

856o{o. 
8563  0 


8610 
8613 
8615 
8618 
8621 
8623 
8626 
8629 
8631 
8634 
8636 

8639 

8642 
8644 
8647 
8650 
8652 
8655 
8657 
8660 
8663 

8665 

8668 
8671 
8673 
8676 


8767 
8770 
8773 
8775 
8778 
8780 
8783 
8786 
8788 
8791 
S794 

8796 
8799 
8801 
8804 
8807 
8800 
8812 
8814 
8817 


8681 
8684 
8686  0 
0 


8692 
8694 
8697 
.8699 
8702 
.8705 
8707 
8710 
8712 
8715 


8566 
8568 
8571 
8.S73 
8576 
8579 
8581 


85840, 

858710 
8589 1 0 
8592,0 
8594  lO 
8597 1 0 
8600 1 0 
86O2I0 

8605  ;o 

86<W!0 
8610!0 


8718 
8720 
8723 
8726 
8728 
8731 
8734 
8736 
8739 
8741 

8744  0 
874710 
8749  0 
875210 
8754  0 
8757  0 
8760  0 
8762^0 
8765  0 
8767  0 


8822 
8825 
8828 
8830 
8K33 
8835 
8838 
8841 
8843 


8927 
8929 
8982 
8934 
8937 
8940 
8942 
.8945 
8947 
8960 

8963 
8955 
8958 
8960 
8963 
8966 
8968 
8971 
8973 
8976 

8979 
8981 
8984 
8986 


0.90811 
0.»»S1' 
0.90.V. 
0.9UJV> 
0  909(1 
0  9(r9a 

o.9uy:) 

0  9()9.s 
0  9101 

o.9iai 

0.91U<3 

0.9108 
0  9111 
0  9113 
0  9110 
0  911U 
0  9121 
0  9121 
0  9120 
0  912'» 
0.9132 

0  9134 

0  9i:i7 

0  913'.t 

9UJ 


8989|0  914r, 
8992!o.9147 
8904 iO  9150 
89<)7l0.9ir)j 
8999:0  91.').') 
884610. 900210  9157 


8848!0 
8851 lO 
8S>4iO 
&H56iO 
885910 
8S61'0 
8S64  0. 
8K67  0 
8S69  0 
8872  0. 

8874  0. 
8M77  0 
8H.H0l0 

8HS2  0 
8HH5  0. 
8H,S7  0. 
8S9()'0. 

Hsm  0 . 

8805(0. 
88980. 

8900  0 

8<M)3  0. 

8908)0. 
8911  0. 
89140. 
8916  0 
8919'0 
8921  0 


ooavo 

9007 1 0 
9()l()l(). 
9012,0. 
9015M) 
901S0. 
9020  (» 
9023  0 
y02.V0 
9028  0. 


9160 

9  If),') 

910.^ 
9170 
9173 
917ti 
9I7.M 
9181 
9183 


9031  0.918(1 
9033  0  918V 
903010  9191 
9<W8  0  9191 
904 110.9190 
9(W4'0  919<.) 
904010.9201 
90-19  0.9201 
9051  0  9207 
9054  0.92W 


OO.'iOO 
90.59  0 
9O<)2|0 
9004 '0 
9007l0 
90090 
907210 
907r)  0 
9077  0 
9080  0 


9212 
9214 
9217 
921il 
922'J 
922.' 
9227 
923t 
923i 
923.' 
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Geometrical  Problems 


Part  1 


Tuble  of  Chardfl  (Contbrned). 

Radios 

•  lAiOOO 

M. 

IS* 

M* 

«• 

58* 

fit* 

•r 

«• 

w 

tt* 

W 

M. 

0' 

0.9235 

0.9889 

0.9543 

0.9696 

0.9848 

1.0000 

1.0151 

1.0301 

1.0450 

1.0698 

0' 

1 

0.9238 

0.9392 

0.9646 

0.9699 

0.9851 

1.0003 

1.0153 

1.0803 

1.0452 

1.0001 

1 

2 

0.9240 

0.9396 

0.9548 

0.9701 

0.9864 

1.0006 

1.0156 

1.0806 

1.0455 

1.0003 

2 

3 

0.9243 

0.9397 

0.9551 

0.9704 

0.9856 

1.0008 
1.0010 

1.0158 

1.0808 

1.0457 

1.0606 

3 

4 

0.9245 

0.9400 

0.9653 

0.9706 

0.9869 

1.0161 

1.0311 

1.0460 

1.0606 

4 

5 

0.9248 

0.9402 

0.9556 

0.9709 

0.9861 

1.0013 

1.0163 

1.0313 

1.0462 

1.0611 

5 

6 

0.9250 

0.9405 

0.9659 

0.9711 

0.0864 

1.0015 

1.0166 

1.0316 

1.0465 

1.0613 

6 

7 

0.9253 

0.9407 

0.9661 

0.9714 

0.9866 

1.0018 

1.0168 

1.0318 

1.0467 

1.0616 

7 

8 

0.9256 

0.9410 

0.9664 

0.9717 

0.9869 

1.0020 

1.0171 

1.0321 

1.0470 

1.0618 

8 

9 

0.9258 

0.9413 

0.9566 

0.9719 

0.9871 

1.0023 

1.0173 

1.0323 

1.0472 

1.0621 

9 

10 

0.9261 

0.9415 

0.9569 

0.9722 

0.9874 

i.0025 

1.0176 

1.0326 

1.0476 

1.0623 

10 

11 

0.9263 

0.0418 

0.9571 

0.9724 

0.9876 

1.0028 

1.0178 

1.0328 

i.oin 

1.0626 

11 

12 

0.9266 

0.9420 

0.9674 

0.9727 

0.9879 

1.0030 

1.0181 

1.0831 

1.0480 

1.0628 

12 

13 

0.9268 

0.9423 

0.9676 

0.9729 

0.9881 

1.0033 

1.0183 

1.0833 

1.0482 

1.0630 

13 

14 

0.9271 

0.9425 

0.9679 

0.9732 

0.9884 

1.0035 

1.0186 

1.0336 

1.0485 

1.0683 

14 

15 

0.9274 

0.9428 

0.9681 

0.9784 

0.9886 

1.0038 

1.0188 

1.0338 

1.0487 

1.0635 

15 

16 

0.9276 

0.9430 

0.9684 

0.9737 

0.9889 

1.0040 

1.0191 

1.0341 

1.0490 

1.0638 

16 

17 

0.9279 

0.9433 

0.9687 

0.9739 

0.9891 

1.0043 

1.0193 

1.0843 

1.0492 

1.0640 

17 

18 

0.9281 

0.9486 

0.9689 

0.9742 

0.9894 

1.0045 

1.0196 

1.0346 

1.0495 

1.0643 

18 

19 

0.9284 

0.9438 

0.9692 

0.9744 

0.9897 

1.0048 

1.0198 

1.0348 

1.0497 

1.0645 

19 

20 

0.9287 

0.9441 

0.9594 

0.9747 

0.9899 

1.0060 

1.0201 

1.0351 

1.0500 

1.0648 

20 

21 

0.9289 

0.9443 

0.9597 

0.9750 

0.0902 

1.0063 

1.0303 

1.0353 

1.0502 

1.0660 

21 

22 

0.9292 

0.9446 

0.9599 

0.9752 

0.9904 

1.0065 

1.0906 

1.0356 

1.0504 

1.0653 

22 

23 

0.9294 

0.9448 

0.9602 

0.9755 

0.9907 

1.0058 

1.0208 

1.0358 

1.0507 

1.0656 

23 

24 

0.9297 

0.9451 

0.9604 

0.9757 

0.9909 

1.0060 

1.0211 

1.0361 

1.0509 

1.0658 

24 

26 

0.9299 

0.9454 

0.9607 

0.9760 

0.0912 

1.0063 

1.0213 

1.0363 

1.0512 

1.0060 

25 

26 

0.9302 

0.9456 

0.9610 

0.9762 

0.9914 

1.0065 

1.0216 

1.0866 

1.0514 

1.0662 

26 

27 

0.9305 

0.9459 

0.9612 

0.9765 

0.9917 

1.0068 

1.0218 

1.0368 

1.0517 

1.0665 

27 

28 

0.9307 

0.9461 

0.9615 

0.9767 

0.9919 

1.0070 

1.0221 

1.0370 

1.0519 

1.0667 

28 

29 

0.9310 

0.9464 

0.9617 

0,9770 

0.9922 

1.0073 

1.0223 

1.0373 

1.0522 

1.0670 

29 

SO 

0.9312 

0.9466 

0.9620 

0.9772 

0.9924 

1.0075 

1.0226 

1.0375 

1.0524 

1.0672 

30 

31 

0.9315 

0.9469 

0.9622 

0.9775 

0.9927 

1.0078 

1.0228 

1.0378 

1.0527 

1.0675 

31 

32 

0.9317 

0.9472 

0.9625 

0.9778 

0.9929 

1.0060 

1.0231 

1.0380 

1.0529 

1.0677 

32 

83 

0.9320 

0.9474 

0.9627 

0.9780 

0.9932 

1.0063 

1.0233 

1.0383 

1.0632 

1.0680 

33 

34 

0.9323 

0.9477 

0.9630 

9.9783 

0.0934 

.1.0086 

1.0236 

1.0385 

1.0534 

1.0682 

34 

36 

0.9325 

0.9479 

0.9633 

0.9785 

0.0937 

1.0068 

1.0238 

1.0388 

1.0537 

1.0685 

35 

36 

0.9328 

0.9482 

0.9635 

0.9788 

0.9939 

1.0091 

1.0241 

1.0390 

1.0539 

1.0687 

36 

37 

0.9330 

0.9484 

0.9638 

0.9790 

0.9942 

1.0093 

1.0243 

1.0303 

1.0542 

1.0690 

37 

38 

0.9333 

0.9487 

O.OMO 

0.9793 

0.9945 

1.0096 

1.0246 

1.0395 

1.0544 

1.0692 

38 

39 

0.9335 

0.9489 

0.9648 

0.9796 

0.9947 

1.0098 

1.0248 

1.0398 

1.0547 

1.0694 

39 

40 

0.9338 

0.9492 

0.9646 

0.9798 

0.9960 

1.0101 

1.0261 

1.0400 

1.0649 

1.0097 

40 

41 

0.9341 

0.9495 

0.9648 

O.9S0O 

0.9952 

1.0103 

1.0263 

1.0403 

1.0551 

1.0699 

41 

42 

0.9343 

0.9497 

0.9650 

0.9803 

0.9955 

1.0106 

1.0256 

1.0406 

1.0554 

1.0702 

42 

43 

0.9346 

0.9500 

0.9653 

0.9805 

0.9967 

1.0108 

1.0258 

1.0406 

1.0656 

1.0704 

43 

44 

0.9348 

0.9602 

0.9655 

0.9808 

0.9960 
0.M62 

1.0111 

1.0261 

1.0410 

1.0550 

1.0707 

44 

45 

0.9351 

0.9605 

0.9668 

0.9810 

1.0113 

1.0263 

1.0413 

1.0661 

1.0709 

45 

46 

0.9353 

0.9607 

0.9661 

0.9813 

0.9965 

1.0116 

1.0266 

1.0415 

1.0664 

1.0712 

46 

47 

0.9356 

0.9610 

0.9663 

0.9816 

0.9967 

1.0118 

1.0288 

1.0418 

1.0666 

1.0714 

47 

48 

0.9359 

0.9612 

0.9666 

0.9818 

0.9970 

1.0121 

1.0271 

1.0420 

1.0560 

1.0717 

48 

49 

0.9361 

0.9615 

0.9668 

0.9821 

0.9972 

1.0123 

1.0273 

1.0423 

1.0671 

1.0719 

49 

50 

0.9364 

0.9518 

0.9671 

0.9623 

0.9975 

1.0126 

1.0876 

1.0425 

1.0674 

1.W21 

50 

51 

0.9866 

0.9620 

0.9678 

0.9826 

0.0977 

1.0128 

1.0278 

1.0428 

1.0676 

1.0724 

51 

52 

0.9360 

0.9523 

0.9676 

0.9828 

0.9960 

1.0131 

1.0281 

1.0430 

1.0679 

1.0726 

52 

53 

0.9371 

0.9525 

0.9678 

0.0831 

0.0982 

1.0183 

1.0283 

1.04S8 

1.0581 

1,0729 

53 

54 

0.9874 

0.9628 

0.9681 

0.9838 

0.9985 

1.0186 

1.0286 

1.0485 

1.0684 

1.0731 

54 

55 

0.9377 

0.9530 

0.9683 

0.9880 

0.9967 

1.0138 

1.0288 

1.0438 

1.0686 

1.0734 

55 

56 

0.9379 

0.9633 

0.9686 

0.9838 

0.9990 

1.0141 

1.0291 

1.0440 

1.0688 

1.0736 

56 

67 

0.9382 

0.9536 

0.9689 

0.9841 

0.0992 

1.0143 

1.0293 

1.0443 

1.0691 

1.0739 

67 

58 

0.9384 

0.0538 

0.0691 

0.9843 

0.9995 

1.0146 

1.0296 

1.0445 

1.0593 

1.0741 

58 

59 

0.9387 

0.9541 

0.9094 

0.9846 

0.9998 

1.0148 

1.0208 

1.0447 

1.0696 

1.0744 

59 

60 

0.9889 

0.9643 

0.9696 

0.9848 

1.0000 

1.0151 

1.0801 

1.0450 

1.0598 

1.0746 

60 

Digitiz 

edby  Vj 

oog 

e 

Table  of  Chords 


Tabfo  of  Chords  (Coadnmd). 

lUdios-  X.OO0O 

tf 

•■ 

or 

«T» 

88«> 

or 

TT 

W 

TT 

/ 

10746 

1.0898 

1.1030 

1.1184 

1.1328 

1.1473 

1.1614 

1.1756 

] 

I.OTtt 

i.osas 

1.1041 

1.1186 

1.1331 

1.1474 

1.1616 

1.1758 

I 

liKSl 

1.0898 

1.1044 

1.1180 

1.1333 

1.1476 

1.1619 

1.17tK» 

J 

less 

1.0000 

1.1046 

1.1191 

1.1335 

1.1479 

1.1621 

1.17631 

4 

io:m 

1.0908 

1.1048 

1.1194 

1.1338 

1.1481 

1.1624 

1.1765 

s 

lOiS 

1.0006 

1.1051 

1.1196 

1.1340 

1.1483 

1.1626 

1.1767, 

1 

107U 

1.0007 

1.1053 

1.1198 

1.1342 

1.1486 

1.1628 

1.1770, 

lem 

1.0910 

1.1066 

1.1201 

1.1345 

1.1488 

1.1631 

1.1772, 

» 

i.om 

1.0012 

1.1058 

1.1203 

1.1347 

1.1491 

1.1633 

1.1775 

' 

lam 

1.0915 

1.1016 

1.1206 

1.1350 

1.1403 

1.1635 

1.1777 

l.OTH 

1.0917 

1.1003 

1.1208 

1.1352 

1.1495 

1.1638 

1.1779 

1 

l.ff773 

1.0920 

1.1065 

1.1210 

1.1354 

1.1498 

1.1640 

1.1782 

10773 

1.0022 

1.1068 

1.1213 

1.1357 

1.1500 

1.1642 

1.1784 

10778 

1.0024 

1.1070 

1.1215 

1.1359 

1.1502 

1.1645 

1.1786, 

lom 

1.0927 

1.1073 

1.1218 

1.1363 

1.1505 

1.1647 

1.17W>, 

1.0783 

1.0929 

1.1075 

1.1220 

1.1364 

1.1507 

1.1650 

1.1791, 

107S 

1.0932 

1.1078 

1.1222 

1.1366 

1.1510 

1.1652 

1.17931 

10788 

1  0034 

1.1080 

1.1225 

1.1369 

1.1512 

1.1654 

1.1706 

10700 

1.0037 

1.1082 

1.1227 

1.1371 

1.1514 

1.1657 

1.1798 

10793 

1.0039 

1.1085     1.1230 

1.1374 

1.1517 

1.1859 

1.18()0, 

10J15 

1.0942 

1.1087 

1.1232 

1.1376 

1.1510 

1.1661 

1.1803, 

1.0707 

1.0944 

I.IOOO 

1.1334 

1.1378 

1.1532 

1.1664 

1.1805 

10800     1.0»46 

1.1092 

1.1237 

1.1381 

1.1624 

1.1666 

1.18071 

10802     l.OMO 

1.1094 

1.1239 

1.1383 

1.1526 

1.1668 

I.I8IO1 

1  OSOS      1.0D51   :   1.1007 

M242 

1.1386 

1.1529 

1.1671 

1.1812' 

10807 

1.0054 

1.1099 

1.1244 

1.1388 

1.1631 

1.1673 

1.1814 

lOSlO 

1.0056 

1.1102 

1.1246 

1.1390 

1.1533 

1.1676 

1.1817| 

10812 

1.0059 

1.1104 

1.1249 

1.1393 

1.1536 

1.1678 

1.1819' 

10815 

1.0961 

1.1107 

1.1251 

1.1306 

1.1538 

1.1680 

1.18211 

10817 

1.0963 

1.1100 

1.1254 

1.1398 

1.1541 

1.1683 

1.1824 1 

10830 

1.0966 

1.1111 

1.1256 

1.1400 

1.1543 

1.1685 

1.1826| 

1003 

1.0968 

1.1114 

1.1258 

1.1402 

1.1545 

1.1687 

1.1829 

108S4 

1.0971 

1.1116 

1.1261 

1.1405 

1.1548 

1.1690 

1.1831' 

108W 

1.0973 

1.1119 

1.1263 

1.1407 

1.15,50 

1.1602 

1.1833 

10629 

1.0976 

1.1121 

1.1266 

1.1409 

1.1552 

1.1694 

1.1836 

1003 

1.0978 

1.1123 

1.1268 

1.1412 

1.1555 

1.1607 

1.1838 

106M 

1.0980 

1.1126 

1.1271 

1.1414 

1.1557 

1.1609 

1.1840 

108S7 

1.0083 

1  1128 

1.1273 

1.1417 

1.1560 

1.1702 

1.1843 

IQOO 

1.0985 

1.1131 

1.1275 

1.1419 

1.1562 

1.1704 

1.1845 

IQMl 

1.0088 

1.1133 

1.1278 

1.1421 

1.1564 

1.1706 

1.1847 

100*4 

1.0990 

1.1136 

1.1280 

1.1424 

1.1567 

1.1709 

1.1850. 

1.0046 

1.0993 

1.1188 

1.1283 

1.1426 

1.1509 

1.1711 

1.1852 

1  0049  .   1  0005 

1.1140 

1.1286 

1.1429 

1.1571 

1.1713 

1.18.VI 

1.0»1       1-0097 

1.1143 

1.1287 

1.1431 

1.1574 

1.1716 

1.1857 

, 

l.OBM   ■   1.1000 

l.ia45 

1.1290 

1.1433 

1.1576 

1.1718 

1.1859 

108S6      1.1002 

1.1148 

1.1292 

1.1436 

1.1579 

1.1720 

1.1861 

1.0S59  1   1.1005 

1.1150 

1.1296 

1.1438 

1.1581 

1.1723 

1.1H64 

1  OSei   1   1.1007 

1.1152 

1.1297 

1.1441 

1.1583 

1.1725 

1.1866 

.• 

I0B83  '   1.1010 

1.1155 

1.1299 

1.1443 

1.1586 

1.1727 

1.186S 

1.0660 

1 .  1012 

1.1157 

1.1302 

1.1445 

1.1588 

1.1730 

1.1871, 

10BS8 

1.1014 

1.1100 

1.1304 

1.1448 

1.1500 

1.1732 

1.1873 

1.0871 

1.1017 

1.1103 

1.1807 

1.1450 

1.1503 

1.1735 

1.18751 

i.osn 

1.1019 

1.1165 

1.1809 

1.1452 

1.1505 

1.1737 

1.1878- 

1  0S76 

1.1022 

1.1167 

1.1311 

1.1455 

1.1598 

1.1739 

1.1880 

1.087S 

1.1024 

1.1169 

1.1314 

1.1457 

1.1600 

1.1742 

1.1H.K2 

I.08S1 

1.1027 

1.1172 

1.1316 

1.1460 

1.1602 

1.1744 

1.1HS.V 

i£ 

1.1029 

1.1174 

1.1319 

1.1463 

1.1605 

1.1746 

1.1 SS7 

1.1031 

1.1177 

1.1321 

1.1464 

1.1607 

1.1749 

1.18S11; 

1.1034 

1  1179 

1.1323 

1.1467 

1.1600 

1.1751 

1.1892' 

1.0890 

1.1036 

1.1181 

1  1326 

1.1460 

1.1612 

1.1753 

1.1894i 

1.0983 

1.1039 

1.1184 

1.1328 

1.1472 

1.1614 

1.1756 

1.1896[ 
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Geometrical  Problems 


Pad 


Table  of  Chords  (Contmued). 

Radios"*  1.0000 

w 

M" 

W 

77' 

78* 

79- 

88* 

BV 

•r 

1 

1.2036 

1.2175 

1.2313 

1.2450 

1.2586 

1.2722 

1.2856 

1.2089 

1.S121 

1.2039 

1.2178 

1.2316 

1.2453 

1.2580 

1.2724 

1.2858 

1.2991 

1.3123 

1.2041 

1.2180 

1.2318 

1.2455 

1.2501 

1.2726 

1.2860 

1.2003 

1.3126 

1.2043 

1.2182 

1.2320 

1.2457 

1.2593 

1.2728 

1.2862 

1.2006 

1.3128 

1.2046 

1.2184 

1.2322 

1.2459 

1.2595 

1.2731 

1.2865 

1.2998 

1.3180 

1.2048 

1.2187 

1.2325 

1.2462 

1.2598 

1.2733 

1.2867 

1.3000 

1.3132 

1.2060 

1.2189 

1.2327 

1.2464 

1.2600 

1.2735 

1.2869 

1.3002 

1.3184 

1.2053 

1.2191 

1.2329 

1.2466 

1.2602 

1.2737 

1.2871 

1.3004 

1.3IS7 

1.2055 

1.2194 

1.2332 

1.2468 

1.2604 

1.2740 

1.2874 

1.3007 

1.3139 

1.2067 

1.2196 

1.2334 

1.2471 

1.2607 

1.2742 

1.2876 

1.3009 

1.3141 

1.2060 

1.2198 

1.2336 

1.2473 

1.2600 

1.2744 

1.2878 

1.3011 

1.3143 

1 

1.2062 

1.2201 

1.2338 

1.2475 

1.2611 

1.2746 

1.2880 

1.3013 

1.3145 

1 

1.2064 

1.2203 

1.2341 

1.2478 

1.2614 

1.2748 

1.2882 

1.3015 

1.3147 

1 

1.2066 

1.2205 

1.2343 

1.2480 

1.2616 

1.2751 

1.2885 

1.3018 

1.3150 

I] 

1.2069 

1.2208 

1.2345 

1.2482 

1.2618 

1.2753 

1.2887 

1.3020 

1.3152 

U 

1.2071 

1.2210 

1.2348 

1.2484 

1.2620 

1.2755 

1.2889 

1.3022 

1.3154 

U 

1.2073 

1.2212 

1.2350 

1.2487 

1.2623 

1.2757 

1.2891 

1.3024 

1.3156 

u 

1.2076 

1.2214 

1.2362 

1.2480 

1.2625 

1.2760 

1.2804 

1.3027 

1.3158 

I'i 

1.2078 

1.2217 

1.2354 

1.2491 

1.2627 

L2762 

1.2896 

1.3020 

1.3161 

n 

1.2080 

1.2210 

1.2357 

1.2493 

1.2620 

1.2764 

1.2898 

1.3031 

1.3163 

n 

1.2083 

1.2221 

1.2359 

1.2496 

1.2633 

1.2766 

1.2900 

1.3033 

1.3165 

2« 

1.2085 

1.2224 

1.2361 

1.2498 

1.2634 

1.2760 

1.2903 

1.3035 

1.3167 

21 

1.2087 

1.2226 

1.2364 

1.2500 

1.2636 

1,2771 

1.2005 

1.3038 

1.8160 

22 

1.2090 

1.2228 

1.2366 

1.2503 

1.2638 

1.2773 

1.2007 

1.3040 

1.3172 

23 

1.2002 

1.2231 

1.2368 

1.2506 

1.2641 

1.2775 

1.2909 

1.3042 

1.3174 

24 

1.2004 

1.2233 

1.2370 

1,2507 

1.2643 

1.2778 

1.2911 

1.3044 

1.3176 

25 

1.2007 

1.2235 

1.2373 

1.2509 

1.2645 

1.2780 

1.2014 

1.3046 

1.3178 

26 

1.2000 

1.2237 

1.2375 

1.2512 

1.2648 

1.2782 

1.2916 

1.3040 

1.3180 

27 

1.2101 

1.2240 

1.2377 

1.2514 

1.2650 

1.2784 

1.2918 

1.3051 

1.3183 

28 

1.2104 

1.2242 

1.2380 

1.2516 

1.2653 

1.2787 

1.2920 

1.3053 

1.3185 

29 

1.2106 

1.2244 

1.2382 

1.2518 

1.2654 

1.2789 

1.2922 

1.3055 

1.8187 

30 

1.2108 

1.2247 

1.2384 

1.2521 

1.2656 

1.2701 

1.2925 

1.3057 

1.3180 

31 

1.2111 

1.2240 

1.2386 

1.2523 

1.2650 

1.2793 

1.2027 

1.3060 

1.3101 

32 

1.2113 

1.2251 

1.2389 

1.2525 

1.2661 

1.2795 

1.2929 

1.3062 

1.3103 

33 

1.2115 

1.2254 

1.2391 

1.2528 

1.2663 

1.2798 

1.2931 

1.3064 

1.8106 

34 

1.2117 

1.2256 

1.2393 

1.2530 

1.2665 

1.2800 

1.2934 

1.3066 

1.3108 

35 

1.2120 

1.2258 

1.2396 

1.2532 

1.2668 

1.2802 

1.3936 

1.3068 

1.8200 

36 

1.2122 

1.2260 

1.2398 

1.2634 

1.2670 

1.2804 

1.2938 

1.3071 

1.8202 

37 

1.2124 

1.2263 

1.2400 

1.2537 

1.2672 

1.2807 

1.2040 

1.3073 

1.3204 

38 

1.2127 

1.2265 

1.2402 

1.2539 

1.2674 

1.2809 

1.3942 

1.3075 

1.S2D7 

30 

1.2129 

1.2267 

1.2405 

1.2541 

1.2677 

1.2811 

1.2945 

1.3077 

1.3209 

40 

1.2131 

1.2270 

1.2407 

1.2543 

1.2670 

1.2813 

1.2047 

1.3079 

1.3211 

41 

1.2134 

1.2272 

1.2400 

1.2546 

1.2681 

1.2816 

1.2940 

1.3082 

1.3213 

42 

1.2136 

1.2274 

1.2412 

1.2548 

1.2683 

1.2818 

1.2951 

1.3084 

1.8215 

43 

1.2138 

1.2277 

1.2414 

1.2550 

1.2686 

1.2820 

J. 2054 

1.3086 

1.8218 

44 

1.2141 

1.2279 

1.2416 

1.2552 

1.2688 

1.2822 

1.2956 

1.3088 

1.8220 

45 

1.2143 

1.2281 

1.2418 

1.2555 

1.2600 

1.2825 

1.2958 

1.3090 

1.8222 

46 

1.2145 

1.2283 

1.2421 

1.2557 

1.2692 

1.2827 

1.2960 

1.3093 

1.8224 

47 

1.2148 

1.2286 

1.2423 

1.2559 

1.2696 

1.2829 

1.2962 

1.3095 

1.8226 

48 

1.2150 

1.2288 

1.3425 

1.2562 

1.2607 

1.2&31 

1.2965 

1.3097 

1.8228 

40 

1.2152 

1.2290 

1.2428 

1.2564 

1.2690 

1.2833 

1.2967 

1.3090 

1.8231 

50 

1.2154 

1.2293 

1.2430 

1.2566 

1.2701 

1.2836 

1.3069 

1.3101 

1.8233 

51 

1.2157 

1.2295 

1.3432 

1.2568 

1.2704 

1.2838 

1.3971 

1.3104 

1.8285 

52 

1.2159 

1.2297 

1.3434 

1.2571 

1.2706 

1.2840 

1.2973 

1.3106 

1.8237 

53 

1.2161 

1.2299 

1.3437 

1.2573 

1.2708 

1.2842 

1.3976 

1.8108 

1.8239 

54 

1.2164 

1.2302 

1.2439 

1.2575 

1.2710 

1.2845 

1.3978 

1.3110 

1.8242 

55 

1.2166 

1.2304 

1.2441 

1.2577 

1.2718 

1.2847 

1.2980 

1.3112 

1.8244 

56 

1.2168 

1.2306 

1.2443 

1.2580 

1.2715 

1.2849 

1.39S2 

1.3115 

1.8246 

57 

1.2171 

1.2309 

1.2446 

1.2582 

1.2717 

1.2851 

1.3085 

1.8117 

1.3248 

58 

1.2173 

1.2311 

1.3448 

1.2584 

1.2719 

1.2854 

1.3987 

1.3110 

1.3280 

59 

1.2175 

1.2313 

1.3450 

1.2586 

1.2722 

1.2856 

1.3080 

1.3121 

1.82S2| 

60 
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Tabk  of  Chorda 


Tatale  of  -  Oliartfa  (Concladed).    Raditu- loom 


M. 

0' 

1 
2 

I    3 
4 

& 

1    6 

1    7 

10' 


»»» 


1.3252 
1.32S5 
1  3257 
1  3259 
1  3281 
1.3263 
1.3285 
1  3268 
1.3270 
I  3272 
1.3274 


84* 


1 

1.3385 

1.3387 

1.3389 

1.33»1 

1.3393 

1.3390 

1.3398 

1.3400 

1.3402 

1.3404 


I 

1.3278 

1.3406 

2       1  3279 

1.3409 

3       13281 

1.3411 

4 

1  3283 

1.3413 

5 

1  3285 

1.3415 

6 

1.3287 

1.3417 

17 

1.3289 

13419 

18 

1.3292 

1.3421 

19 

1.3294 

1  3424 

20 

1.32M 

1.342« 

21 

1.32D8 

1.3428      1 

22 

13300 

13430 

23 

1.3302 

13432 

24 

13305 

13434 

25 

13307 

1.3437 

26 

1.3309 

1.3439 

27 

1.3311 

1.3441 

28 

1.3313 

13443 

29 

1.3315 

1.3445 

30 

1.3318 

1.3447 

n 

1.3320 

1  3449 

2 

1.3322 

1  3452 

0 

1.3324 

1.3454 

4 

1.3326 

13456 

5 

1.3328 

13458 

6 

1.3331 

1.3460 

7 

1.3333 

1  3462 

3 

1.3335 

13485 

t9 

1.3337 

1.3467 

10 

1.3339 

1.3469 

11 

1.3141 

1.3471 

12 

13344 

1.3473 

43 

13346 

1.3475     1 

44 

1.8348 

1.3477      \ 

45 
4« 

1.3350 

I.U80     1 

1.8352 

1  3482      1 

47 

12354 

1  3484      1 

48 

1.3357 

1.3486      1 

49 

1.3359 

1.3488      I 

50 

1.3361 

1.3490      1 

51 

1.3363 

1.3492 

52 

1.3365 

1.3495 

.53 

1.3367 

1.3497 

54 

1.3870 

1.3490 

55 

1.3372 

1.3501 

56 

1.3374 

1.3503 

57 

1  3378 

1.8505 

(8 

I.S378 

1.3508 

SB 

1.S380 

1.3510 

\1 

1.3383 

1.3512 
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TrigODometiy 


Part  1 


Lengths  and  Beralt  of  Hip-&aftera  and  Jack-Rafters 
Method  of  Detenniaing  the  Leagtfae  end  Bevels.  The  lines  ab  and  be 
(Fig.  92)  represent  the  outside  of  the  walls  at  the  angle  of  a  building;  beistht 
seat  of  the  hip-rafter  and  c/*  of  a  jack-rafter.  Draw  eh  at  right-angles  to  be 
and  make  it  equal  to  the  rise  of  the  roof;  join  b  and  h  and  hb  will  be  the  length 
of  the  hip-rafter.    Through  e  draw  di  at  right-angles  to  bc»    With  6  as  a  center 

h 
a 


i 

e                \ 

/ 

/ 

^           ^^^-^^ 

/ 

} 

6  m    g  d  e 

Fig.  02.    Lengths  and  Bevels  of  Hip-raften  and  Jack-raftexs 

and  with  the  radius  bh,  describe  the  arc  ki,  cutting  di  in  i .  Join  b  and  i  and 
extend  gf  to  meet  bi  in  j;  then  gj  is  the  length  of  the  jack-rafter.  The  length  of 
each  jack-rafter  is  found  in  the  same  manner,  by  extending  its  seat  to  cut  the 
lineW.  From/draw/lb  at  right-angles  to/?;  also// at  right-angles  to  frr.  Make 
Jk  equal  to  fl  by  the  arc  Ik,  or  make  gk  equal  to  gj  by  the  arc /A;  then  the  angle 
at/  is  the  top  bevel  of  the  jack-rafters,  and  the  angle  at  k  the  down  bevel. 

Backing  of  the  Hip-Rafter.  At  any  convenient  point  in  be  (Fig.  92),  as  o, 
draw  mn  at  right-angles  to  be.  From  o  describe  a  circle,  tangent  to  M,  cutting 
be  in  s.  Join  m  and  s  and  n  and  5.  The  lines  ms  and  ns  form  at  s  the  proper 
angle  for  beveling  the  top  of  the  hip-rafter. 

6.  TRIGONOMETRY 

It  is  aot  the  purpose  of  the  author  to  teach  the  principles  or  uses  of  trigonom- 
etiy;  but  for  the  benefit  of  those  readers  who  have  already  acquired  a  knowledge 
of  this  science,  the  following  convenient  formulas  and  tables  of  natural  sines, 
cosines,  tangents  and  cotangents  have  been  inserted.  To  those  who  know  how 
to  apply  these  trigonometric  functions,  they  will  often  be  found  of  great  con- 
venience and  utility.  These  tables  are  taken,  by  permission,  from  Searle's  Field 
•Engineering,  John  Wiley  &  Sons,  Inc.,  publishers. 
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Triffoiioaietrical  Functicms 


01 


Let  A  (Fig.  93)»  angle  BAC- arc  BF  and  let  the  x«ditiSi4F-AB  -  Ai?  «  x 

tin  A  -  BC  H^ K Q 

cxmA^AC 
UaA^DF 
catA^HG 
tec  A  ~  AD 

COMC  A  '  i4CJr 

vefsin  A^CF^  BE 
covets  A  «  B#C  »  £rL 

caoecil  «BD 
coeisec  A  »  BC 
chord  i4  -  BF 
chord  2A^BI-'2BC  Fig.  88^  Functkms  of  Right-angled 

Triangle 


In  the  right-aniM  triangle  ABC  (Fig.  93)  let  AB  '^  c,  AC  »  b  and  BC  »  a 
Then 


(I) 

(3> 
i     (4) 
(5) 


(7) 
(8) 


■in  i4  <■  -  >■  cos  B 


cos  A  -  -  —stnB 


tanii  «^-cotB 


cot  i4  -  -  -  tan  B 


icc  it  «  T  "-cosecB 


(6>      coiec  A  -  -  -  sec  B 


vtnA  ■• 


c-b 


c-b 


(9)    ooven  A  ■• •  yersin  B 


(lo)  ooenec  A  » 


(31) 


(ii)  a^cnnA  ^bianA 
(ta)  d  vccosA  *aootA 

(14)  0-ccotB-frcotB 

(15)  fr«<;iittB«etanB 


(i6)  <- 


008  B      sinB 


(17)  a- V(f  +  6)(«-.6) 

(18)  6  -  V(c  +  a)(c-tf) 

(19)  <  -  V«i  +  6" 
(ao)C-9o*-A+B 

2 
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TrigoDometiy 
of  Obliqa*  TriMgleg 


Part  1 


< 

Z 

6                         X 

A 

O 

Fig.  94.    ObUquc-angled  Triangle 

(Siven 

Required 

Formulas 

(22) 

A,B.a 

C.b,c 

C-i8rf>-(A+B)              6--4-r.sinJ3 
nn  A 

(23) 

A.a,b 

B.Cc 

c--T^.  sinC 

sin  A 

(24) 

C,a,b 

H(A+B) 

H(A+B)-9o«-^iC 

(25) 

V4(i4-B) 

tanW(A-B)-^UnH(A  +  B) 

(26) 

A.  a 

A-H(A+B)  +  H(A-B) 
B-H(A+B)-^i(A-B) 

(27) 

e 

(28) 
(29) 

(30) 

a.b.c 

Area 

JC-JiodsinC 

Let*-W(a  +  6+i:);     rin^ A«  v/^^"^^^^'^^ 

cos>.A.V^i^^^;tanHA-V^4^^ 

(31) 

sinA-^"'^^^--^i:-*^^'-^> 

(32) 

Area 

be 

,_2(5-6)(j-c) 

versA-            ^^ 

A'  =  V5(j-o)(,-6)(,-.c) 

(33) 

yl.B.C.o 

Area 

^       a»sinBsinC 
'^"        asin'A 

yGoogk 


Trigonometrical  Functions  0< 

Obfique  Ttum^ec.    Genenl  PonnaUs 


(34) 

* 

*"*  '*         ZLIZL^  ^    "        *       ®0S  A  ■■  tan  A  COS  A 

oosec  A 

t3S)       sinA  =asinHy4ocKH-A -vcrsAcot^A 
(J6)       sin  A  -  Vh  versa  A  -  V^d-cosaA) 

(37)  ooft  A J  «  Vi-sinM  »  cot  A  sin  A 

sec  A 

(38)  oosA  ■"  I  — vcreA  —  2coe«Wi4  —  la*  I  — 28in«H/l 


(39)       cmA  =co8«HA-sin»Hi4  -  vTT+TicoaTA 


(41)      taaA-  l/-V^  -I  ^'^^ -"»''*         ^""^ 

•    OQB' A 


coB»A  cosA  i  +  cosaA 

(42)      tan  A  »  — -. J—  »  —. J-  =  exsec  A  cot  ^i  A 

^^.suiaA  am  a  A 


U3) 

tanA       sin  A 

C44) 

^  .^     sinaA           sinaA        i  +  cosaA 

i-cosaA       versaA          idnaA 

Us) 

exsec  A 

(46) 

TcnA-z-cosA  -  sinAtanH  A  =  asin'W  A 

(;7) 

vers  A  ■■  eisec  A  <3os  A 

(48) 

exaec  A  =  sec  A  -  I  -  tan  A  tan  V4  A  -  ^^^^ 

cosA 

1 

si«»4- v'— '="'*- V^™"-* 

1 

(SO) 

sin  2  A—  asinAoosA 

-  I  ■■  COS*  A  —  sin*  A  "1"  asin* 


{52)    cosaA  —  2co6*A— i-«cos*A —sin*A  «z  — adn'A 

-  ,.  ^      IX*         tanA  .  ^.       I  — oosA       4/1  — cos  A 

(S3)  tan  \<iA»  —: -r  —  oosec  A  —  cot  A  —  — : — -z —  ■■  V  — i 7 

^"  '  i-hsecA  sinA  »  i  +  cosA 

atanA 


(54)  tan  a  A  -■ 

(55)  ootHA- 
I 

I     Cs6)    ootaA  " 


[     ""  I -tan* A 

sin  A        x  +  cosA 


-vers  A  sin  A  oceec  A  —  oot  A 

cot*A-l 
acotA 
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OhUqae  Triangles.    General  Fonniilas  (Continued) 


Part  1 


(57) 

™,H1                  "'^'* 

1  - 

-cosA 

"""''-i+Vx-VivcrsA-a 

+  V3(l+CO« 

^) 

(58) 

vers  3  A  —  asin'A 

t 

(59) 

i-cosA 

''"**'^^"(i  +  cosA)+Va(t+cosA) 

(6o) 

i-tan«A 

(6i) 

sin  (A  db  B)  -  sin  A  cos  B  ±  sin  B 

cosA 

(62) 

cos  (A  ±  B)  -  cos  A  cos  B  =F  sin  A 

sinB 

(63) 

sin  A  +  sin  B  »  2sin  H  (A  +B)  cos 

Vi(A- 

-B) 

(64)  sin  A  -  sin  B  -  2co6  ^i  (A  +  B)stn 

M(A- 

-B) 

(6s) 

cosA-fcosB«-2cos>i(A+B)coa 

HiA- 

-B) 

(66) 

cos  B  —  cos  A  a  2  sin  H  (A  +  B)  sin 

Vi(A- 

-B) 

(67)  sinM  -sin«B-co62B-co8M  -sin(A  +  B)sin 

U'B) 

(68)  cosM  -  sin<B  »  cos  (A  +  B)  008  (4 

-B) 

^^)---^-^-:^^r^ 

(70)  tanA-tanB-'^'^^j*-^^ 
COS  A  cos  B 

yGoogk 
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lOoAn 


1   J0Qia9 

2\0QQ68 

4  Looiie 

5  .0014S 


.00175 
.00204 

J00802 


iXK291 


J00a49 
.00378 
.00407 
.00436 


Oiw. 
One. 
One. 
One. 
One. 
One. 
One. 
One. 
One. 
One. 
One. 

199M9 


.99999 


,09999 

.004651.99999 


.004051.09999 

.00524.09999 
.00553.99998 

i)0582.0999S 

.00811 
.00540 


.ooeos 

.00727 
.00756 
.00785 
MSU 
J00M4 
.00873 


.99096 
.009021  iMI996 


.00031 
.009601.99995 


mi99 


.01571 


.999^ 

.99997 

.99997 
.99997 
.99997 


.99996 


.99995 
.99995 

.99095 


.00989 
01018 
01047 
.01076 
J01105 
U»134 
.01104  .99993 


V 


99994 
.90994 


99993 


.01222  .99993 

i>1251 

in280 

inaoo 


.90992 
^99991 


.01338  .90991 


in307  .99091 
.01096.99990 
X)1425  .99090 
in454  .99989 

.01483 
.01513 
.01542  .99088 


.90989 


.99968 


.01000  .09987 
.01839  .09987 


.01658 


01687  J098r. 


.01716 


60  1.01745  J0985 


.^ 


,99966 


.90985 


Sine 


Sfl' 


Bine  Cosin     Sine  Cosin 


.01745 
.01774 
.01803 
.01832 
.01*162 
.01891 
.01920 
.01949 
.01978 
.02007 
.02036 


.02004 
.02123 
.02152 
,02181 
.02211 
.02240 
.02269 


.02327 
.02396 


.02414 
,02443 
,02472 
.02501 


.99985 
.90984 
.90984 
.99983 
.99983 
.90982 
.99982 
.99981 
.99980 
.99980 
.99979 


.99978 
.99077 
.99977 
.99976 
.99976 
,99975 
.99974 
.99974 
.99973 

.99972 
.99972 
.99971 
.99970 


.02560 
.02689 
.02618 

.02647 
.02676 
.02705 
.027*4 
.02763 
.02792 
.02821 
.02850 
.02879 
02908 


,02967 
.02996 
.03025 
.03054 
.03083 
.03112 
.03141 
.03170 
.08199 


03257 
08286 
.03316 
,08345 
.08374 
.08403 
.08432 
.08461 
.08490 


.03490 
.03519 
.03548 
.03577 
.03606 
.03635 


,99968 
.99967 
.99966 
.90966 

.90965 
.99964 
.99963 
.99963 
.99962 
.99961 
.99960 


.99959 
.99959 
.99958 

.99957 
.99956 
.99955 
.99954 
.99053 
,99952 
.99952 
99951 
.99950 
,99949 

.99948 

.09947 
.99946 
,99945 

99943 
.99942 
99941 
.99940 


.03664 
,03693 
,03723 
.03752 
,03781 

,08810 


.03868 
.03897 


,99939 
.99938 
.09937 
.99936 
.99935 
.99934 
.99933 


.03955 
.08084 
.04013 
.04042 
.04071 

.04100 
.04129 
.04159 
.04188 
.04217 
.04246 
.04275 
.04804 
.04833 
.04362 

.04801 

.04420. 

.04449 

.04478 

.04507 

.04536 

.04565 

.04594 

.04623 

.04653 

.04682 
.04711 
.04740 
.04769 
,01708 
.04827 
.04856 
.04885 
04914 
04948 


.99931 
.99930 
.99929 

.99927 
.99926 
.99925 
.99924 
.99923 
.99922 
.99921 
.99919 
.99918 
.99917 

.99916 
.99915 
.99913 
.99012 
,99911 
,99910 
.09909 
.99907 
.99906 
.99905 


.99902 
.99901 
.99900 


.99807 
.99896 
.99894 


.99892 
.99890 


,99888 
.9988G 
.99885 
.99883 
.99882 
.99881 
.99870 
.9987S 


88° 


.04972 
.05001 
.05030 
.05069 
.05088 
.06117 
.05146 
.05175 
.05205 
.05234 


,99676 
,99875 
.99873 
.90872 
.99870 


.99867 
.99866 
.99864 


87' 


Sine  Coain 


.05234 
.05263 
.05292 
.05321 
.05350 
.05379 
.05408 
.05437 
.05466 
.05495 
.05524 

.06653 
.05582 
.05611 
.05640 
.05669 
.06698 
.05727 
.05756 
.05785 
.05814 

.06844 
.05873 
.05002 
.05931 
.05960 
.05989 
.06018 
.06047 
.06076 


.99863 
.99861 
.99860 
.9985« 
.9965^ 
.99855 
.99854 
.99852 
.99851 
.99849 
.99847 

.99846 
.99844 
.99842 
.99841 


.06105  .99813 


,06134 
.06163 
.06192 
.06221 
.06250 
.06279 
,06308 
.06337 


.06895 

.06424 
.06453 
.06482 
.06511 
.06540 
.06569 
.06508 
.0^.627 
.06656 
.06685 

.06714 
06743 
.06773 
,06502 
.06831 
.06860 


Ooein  Sine  IConn  Sine  Com  I  Sine  [Ooeln  Sine 
86" 


.00918 
.06947 
06976 


.99838 
.99836 
.99834 
.99833 
.99831 

.99829 
.99827 
.99826 
.99824 
.99822 
.99821 
.99810 
.09817 
.09815 


.99812 
.99810 
.99808 
.99806 
.99804 
.99803 
.99801 
.99799 
.99797 
.99795 

.99793 
.99792 
.99790 
.90788 
.00786 
.09784 
.99782 
.99780 
.99778 
.99776 

.99774 
.99772 
.99770 
.99768 
.99766 
.99764 
.99762 
.99780 
.99768 
,99756 


4** 


Sine  Cosin 


.06976 
.07005 
.07034 


07063  .90750 


.07092 
.07121 
.07150 
.07179 
.07208 
.07237 
.07266 

.07295 
.07824 
.07853 
.07382 
.07411 
.07440 
.07469 
.07498 
.07527 
.07556 

.07585 
.07614 
.07643 
.07672 
.07701 
.07730 
.07750 
.07788 
.07817 
.07846 

.07875 
.07004 
.07033 
.07062 
.07001 
.08020 
.08040 
.08078 
.08107 
.08136 

.08165 
.08104 
.08223 
.08252 
.08281 
.08310 
.08330 
.08368 
.08307 
.08426 

.08455 
.08484 


.08513 
,08542 
.08571 
.08600 
.06629 
.08658 
.0868^ 
.06716 


.99756 
.99754 
J9752 


.99748 
.99746 
.99744 
.99742 
.99740 
.99738 
.99736 

.99784 
.99731 
.99729 
.99727 
.99725 
.99723 
.99721 
.99719 
.99716 
.99714 

.99712 
.99710 
.99708 
.90705 
.00703 
.00701 
.00609 
.90696 
.99694 


.99692  30 


.99689 
.99687 
,99685 
,99683 
.99680 
,99678 
.09676 
.99673 
.99671 
.99668 

.99666 
.99664 
,99661 
.99659 


,99657 
.99654 
.99652 
.99649 
.99647 
.99644 

.99642 
.99630 
.99637 
.99635 
.99632 
.99630 
.99627 
.99625 
99622 
,90610 


86*» 


y  Google 


Trigonometry 


Part 


t 

5»    1 

6V 

r      1 

S»    1 

9« 

r 

Sine 

()osin 

Sine 

Cosin 

Sine 

Cosin 

Sine 

Cosin 

Sine 

Oo«in 

0 

.08716 

.99619 

.10453 

.99462 

.12187 

.99255 

.18917 

.99027 

.15643 

.96760 

60 

1 

.08745 

.90617 

.10482 

.99440 

.12216 

.99251 

.13946 

.99023 

.15672 

.08764 

60 

2 

.08774 

.99614 

.10511 

.00446 

.12245 

.99248 

.13975 

.99010 

.15701 

.08760 

5S 

8 

.08803 

.99612 

.10540 

.00443 

.12274 

.99244 

.14004 

.00015 

.15730 

.08765 

67 

4 

.08831 

.99609 

.10509 

.09440 

.12302 

.99240 

.14033 

.00011 

.15758 

.98761 

6G 

6 

.08860 

.99607 

.10597 

.99437 

.12331 

.99237 

.14061 

.00006 

.15787 

.98746 

55 

6 

.06889 

.99604 

.10620 

.99434 

.12360 

.99233 

.14090 

.00002 

.15816 

.98741 

54 

7 

.08918 

.99602 

.10655 

.99431 

.12389 

.99230 

.14119 

.08008 

.16845 

,98737 

53 

8 

.08947 

.99590 

.10684 

.9942S 

.12418 

.99226 

.14148 

.98994 

.15873 

.98782 

52 

9 

.08976 

.99596 

.10713 

.99424 

.12447 

.99222 

.14177 

.98990 

.15903 

.98728 

51 

10 

.09005 

.09594 

.10742 

.99421 

.12476 

.99219 

.14205 

.08986 

.15031 

.98723 

50 

U 

.09034 

.99591 

.10771 

.99418 

.12004 

.99215 

.14284 

.98982 

.15050 

.08718 

49 

12 

.09063 

.99588 

.10800 

.99415 

.12533 

.99211 

.14203 

.98078 

.15088 

.98714 

48 

18 

.99586 

.10829 

.99412 

.12562 

.99208 

.14292 

.98973 

.16017 

.98709 

47 

14 

!09121 

.99583 

.10858 

.90400 

.12591 

.99204 

.14320 

.98969 

.10046 

.98704 

4C 

Ifi 

.09150 

.99580 

.10887 

.99406 

.12620 

.99200 

.14349 

.08065 

.10074 

.98700 

45 

16 

.09179 

.99578 

.10916 

,99402 

.12049 

.99197 

.14878 

.08061 

.10103 

.98695 

44 

17 

.09206 

.99575 

.10945 

.99309 

.12678 

.99193 

.14407 

.08057 

.16132 

.98600 

43 

18 

.09237 

.99572 

.10973 

.99306 

.12706 

.99189 

.14486 

.08053 

.16160 

.08686 

42 

19 

.09260 

.99570 

.11002 

.99303 

.12735 

.9018G 

.14464 

.08048 

.16189 

.08681 

41 

20 

.09295 

.99567 

.11031 

.09390 

.12704 

.00182 

.14493 

.08044 

.16218 

.08676 

40 

21 

.09324 

.99564 

.11060 

.90386 

.12793 

.00178 

.14522 

.98940 

.16246 

.08671 

39 

22 

.09353 

.99562 

.11089 

.99383 

.12822 

.99175 

.14551 

.98936 

.16275 

.98667 

38 

23 

.09882 

.99559 

.11118 

.99380 

.12851 

.99171 

.14580 

.98931 

.16304 

.98662 

87 

24 

.09411 

.99556 

.11147 

.99877 

.12880 

.99167 

.14608 

.98927 

.16833 

.08657 

30 

2fi 

.09440 

.99553 

.11176 

.99374 

.12908 

.99163 

.14637 

.98923 

.16801 

.08652 

35 

26 

.09469 

.99551 

.11205 

.00370 

.12037 

.99100 

.14666 

.98919 

.16390 

.08648 

34 

27 

.09498 

.99548 

.11234 

.00307 

.12066 

.99156 

.14695 

.98914 

.16419 

.08643 

83 

28 

.09527 

.99545 

.11203 

.00364 

.12995 

.99152 

.14723 

.98910 

.16447 

.08638 

82 

20 

.09556 

.99542 

.11291 

.09360 

.18024 

.00148 

.14752 

.98906 

.15476 

.08638 

31 

80 

.09585 

.99540 

.11320 

.00367 

.18053 

.00144 

.14781 

.08002 

.16505 

.08620 

30 

31 

.09614 

.99587 

.11849 

.00864 

.13061 

.00141 

.14810 

.98807 

.16588 

.08624 

29 

32 

.09642 

.99584 

.11878 

.09351 

.13110 

.00137 

.14888 

.08893 

.16562 

.08610 

28 

33 

.09671 

.09581 

.11407 

.99347 

.13130 

.09133 

.14807 

.98889 

.16591 

.08614 

27 

34 

.09700 

.99528 

.1H3C 

.99344 

.13168 

.99129 

.14896 

.98884 

.16620 

.08609 

26 

85 

.09729 

.99526 

.11465 

.99341 

.13197 

.99125 

.14925 

.98880 

.16648 

.98604 

25 

36 

.09758 

.00523 

.11494 

.99337 

.13226 

.99122 

.14954 

.98876 

.16677 

.98600 

24 

37 

.09787 

.99620 

.11523 

.90334 

.13254 

.99118 

.14982 

.98871 

.16700 

.98595 

23 

33 

.09816 

.99517 

.11552 

.00331 

.13283 

.99114 

.15011 

.08867 

.16734 

.98500 

22 

30 

.09S45 

.99514 

.11&80 

.00327 

.13312 

.99110 

.15040 

.08363 

.16763 

.98585 

21 

40 

.09874 

.99511 

.11609 

.09324 

.18841 

.09106 

.15009 

.98858 

.16792 

.98580 

20 

41 

.09903 

.99508 

.11638 

.99820 

.18870 

.99102 

.15097 

.08854 

.16820 

.08576 

19 

42 

.09932 

.99506 

.11667 

.99317 

.13399 

.99098 

.15126 

.08849 

.16849 

.08570 

18 

43 

.09961 

.99503 

.11696 

.99314 

.13427 

.90094 

.15155 

.98846 

.16878 

.08565 

17 

44 

.09990 

.99500 

.11725 

.99310 

.13456 

.99091 

.15184 

.98841 

.16000 

.08561 

16 

45 

.10019 

.99497 

.11754 

.99807 

.13485 

.99087 

.15212 

.08836 

.10935 

.08550 

15 

46 

.10048 

t99494 

.11783 

.99303 

.13514 

.99082 

.15241 

.98832 

.16004 

.08551 

14 

47 

.10077 

.99491 

.11812 

.99300 

.13543 

.99079 

.15270 

.08827 

.16902 

.08546 

13 

48 

.10106 

.9948$ 

.11840 

.99297 

.13572 

.90076 

.15290 

.0&S23 

.17021 

.08541 

12 

40 

.10135 

.99485 

.11869 

.99293 

.13600 

.00071 

.15327 

.08818 

MWO 

.08536 

11 

50 

.10164 

.99482 

.11898 

.90290 

.13629 

.09067 

.15356 

.08814 

.17078 

.08531 

10 

51 

.10192 

.99479 

.11927 

.99286 

.18658 

.90063 

.15885 

.08809 

.17107 

.08526 

0 

52 

.10221 

.99476 

.1195G 

.90283 

.13687 

.9905P 

.15414 

.ossa'') 

.17130 

.98521 

8 

53 

.10250 

.99473 

.11985 

.90279 

.13716 

.99055 

.15442 

.98800 

.17164 

.08516 

7 

54 

.10279 

.99470 

.12014 

.99276 

.13744 

.99051 

.15471 

.08796 

.17193 

.08511 

6 

55 

.I03a<i 

.99467 

.12043 

.99272 

.13773 

.99047 

.15500 

.08791 

.17222 

5 

56 

.10337 

.99464 

.12071 

.99269 

.13802 

.99043 

.15520 

.98787 

.17250 

.08501 

4 

57 

.10366 

.09461 

.12100 

.09265 

.13831 

.99039 

.15557 

.08782 

.17270 

.08496 

3 

5S 

.10395 

.99458 

.12129 

.90262 

1.13860 

.99035 

.15586 

.08778 

.17308 

.98491 

2 

59 

.10424 

.9945.'* 

.121;V> 

.90258 

1.13889 

.99031 

.15615 

.08773 

.17336 

.98486 

1 

60 

.10453 

.00452 

.12187 

.00255 

.13917 

.09027 

.15648 

.08709 

.17365 

.98481 

0 

9 

Oomn 

Sine 

Onsin 

Sine 

\Cw\n 

Sine 

Cosin 

Sine 

Cbsin 

Sine 

/ 

M^ 

83° 

1    S?'^ 

81** 

8 

0' 

_^ 

yGoogk 
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• 

lO' 

11' 

14^ 

13^   1 

14** 

« 

SixM 

CoaiA 

Sine 

Coflin 

Sine 

pain 

mST 

Cofdn 

Sine 

Cofiin 

0 

.17365 

.98481 

.19081 

.98163 

.20791 

.97815 

.22495 

.97437 

J24192 

.97030 

60 

1 

,17395 

.98476 

.19109 

.98157 

.20820 

.97809 

.22623 

.97430 

.24220 

.97023 

59 

a 

.17422 

.98471! 

.19138 

.98152 

.20848 

.97803 

.22552 

.97424 

.24249 

.97015 

58 

3 

.17451 

.984661 

.19167 

.98146 

JMK77 

.97797 

^580 

.97417 

.24277 

.97008 

57 

4 

,17479 

.98461' 

.19195 

.98140 

.20905 

.97791 

.22608 

.97411 

.24305 

.97001 

56 

5 

.17508 

.98455: 

.19224 

.98135 

.20933 

.97784 

JJ2037 

.97404 

.24333 

.96994 

55 

6 

.17537 

.98450 

.19232 

.98129 

J20962 

.97778 

.22665 

.97398 

.24362 

.06987 

54 

1 

.17565 

.9^445 

.10281 

.98124 

.20990 

.97772 

.22693 

.97391 

.24390 

.96980 

53 

.17594 

.9»440 

.10309 

.98118 

.21019 

.97766 

.22722 

.97384 

.24418 

.96973 

A2 

9 

.17623 

.98435 

.19338 

.98112 

.21047 

.97760 

J22750 

.97378 

.24446 

.96966 

61 

10 

a7651 

J»430 

.19366 

.98107 

.21076 

.97764 

Ja778 

.97371 

.24474 

.96959 

50 

11 

.17090 

.98425 

.19305 

.98101 

.21104 

.97748 

.22807 

.97365 

J24603 

.96952 

46 

12 

.177(K 

.98420 

.19423 

.98096 

J31182 

.97742 

.22835 

.97358 

.24531 

.96945 

48 

IS 

,in37 

.98414 

.19452 

.98090 

.21101 

.97735 

.22803 

.97351 

.24559 

.96937 

47 

U 

.177(H> 

.98409 

.19481 

.98084 

.21189 

.97729 

.22892 

.97345 

.24587 

.90930 

46 

\5 

.17794 

.98404 

.19509 

.98079 

.21218 

.97723 

.22920 

.97338 

.24615 

.96923 

45 

16 

.17823 

.9S399 

.19538 

.98073 

.21246 

.97717 

.22948 

.97331 

.24644 

.90910 

44 

17 

.17s52 

.98394 

.19566 

.98067 

.21275 

.97711 

.22977 

.97325 

.24672 

.90909 

43 

18 

.17S80 

.98389 

.19595 

.98001 

J21303 

.97705 

.23005 

.97318 

.24700 

.90902 

42 

19 

.17909 

.98383 

.19623 

.98050 

.21331 

.97698 

.23033 

.97311 

.24728 

.9(>894 

41 

20 

a7M7 

.98378 

.19652 

.98050 

J21360 

.97692 

.230<)2 

.97304 

.24756 

.96887 

40 

21 

.1796fi 

.98373 

.19680 

.98044 

.21388 

.97686 

.23090 

.97298 

.24784 

.96880 

89 

22 

.17995 

.98368 

.19709 

.98039 

.21417 

.97680 

.23118 

.97291 

.24813 

.96873 

38 

23 

.18023 

.98362 

.19737 

.98033 

.21445 

.97073 

.23146 

.97284 

.24841 

.96866 

37 

U 

.18052 

.98357 

.19766 

.98027 

.21474 

.97667 

.23175 

.97278 

.24869 

.9()858 

36 

25 

.1S081 

.9S3.'52 

.19794 

.9S021 

.21502 
.21530 

,97061 

.23203 

.97271 

.24897 

.96851 

85 

26 

.18109 

.98347 

.19823 

.98010 

.97655 

.23231 

.97264 

.24925 

.96844 

34 

27 

.18138 

.98341 

.19851 

.98010 

.21559 

.97648 

.23260 

.97257 

.24954 

.96837 

33 

28 

.18160 

.9S33G 

.19880 

.98004 

.21587 

.97642 

.23288 

.97251 

.24982 

.90829 

32 

a 

.1S195 

.98331 

.1990S 

.97998 

.21616 

.97036 

.23310 

.97244 

.25010 

.90S22 

31 

ao 

.18224 

.98325 

.19937 

.97992 

.21644 

.97630 

.23345 

.97237 

.25038 

.96815 

30 

31 

.1S252 

.96330 

.19965 

.97987 

.21672 

.97623 

.23373 

.97230 

.25060 

.96807 

20 

:a 

-1&2SI 

.98315 

.19994 

.97981 

.21701 

.97617 

.23401 

.97223 

.25094 

.96800 

28 

33 

.1S309 

.98310 

.20022 

.97975 

.21729 

.97611 

.234-29 

.97217 

.25122 

.96793 

27 

Z4 

.18338 

.9S304 

.20051 

.97969 

.21758 

.97604 

.23458 

.97210 

.25151 

.90780 

26 

Zo 

.18367 

.98299 

.20079 

.97963 

.21786 

.9750S 

.23480 

.97203 

.25170 

.96778 

25 

36 

.18395 

.98291 

.20108 

.97958 

.21814 

.97592 

.23514 

.97190 

.25207 

.96771 

24 

37 

.18-124 

.9S2S8 

.20136 

.97952 

.21843 

.9758.5 

.23542 

.97189 

.25235 

.96764 

23 

:» 

,1S-I52L9S2S3| 

.20165 

.97946 

.21871 

.97570 

.23571 

.97182 

.25203 

.96756 

22 

J9 

.IS-4S1 

.98277 

.20193 

.97940 

.21899 

.97673 

.23599 

.97170 

.25291 

.96749 

21 

10 

.18509 

.98272 

.20222 

.97934 

.21928 

.97566 

.23627 

.97169 

.25320 

.96742 

20 

41 

.1853^ 

.»i2€7 

.20250 

.97928 

.21956 

.97560 

.22656 

.97162 

.25348 

.96734 

19 

42 

.LS507 

.98261 

.20279 

.97922 

.21985 

.97553 

.23684 

.97155 

.25370 

.90727 

IS 

4S 

.1<595 

.9825<; 

.20307 

.97916 

.22013 

.97547 

.23712 

.97148 

.25404 

.90719 

17 

44 

.1S624 

.9^^250 

.20336 

.97910 

.22041 

.97541 

.23740 

.97141 

.25432 

.96712 

16 

45 

.l>i';52 

.98245 

.20364 

.97905 

.22070 

.97534 

.23769 

.97134 

.25460 

.96705 

15 

46 

.18681 

.98240 

.20393 

.97899 

.22098 

.9752S 

.23797 

,97127 

.25488 

.90097 

14 

47 

.18710 

.98234 

.20421 

.97893 

.22126 

.97521 

.23825 

.97120 

.25510 

.96690 

13 

48 

.18738 

.98229 

.20450 

.97887 

.22155 

.97515 

.23853 

.97113 

.25545 

.90682 

12 

4B 

.18767 

.98223 

.20478 

.97asi 

.22183 

.97509 

.23882 

.97100 

.25573 

.90e75 

11 

50 

.18795 

.98218 

.20507 

.97875 

.22212 

.97502 

.23910 

.97100 

.25001 

.96667 

10 

51 

.18.S24 

.98212 

.20536 

.97860 

.22240 

.97490 

.23938 

.97093 

.25620 

.90000 

9 

52 

.1SS52 

.98207 

.20563 

.97863 

.22268 

.97480 

.23900 

.97aso 

.25057 

.90053 

8 

53 

.IS&Sl 

.98201 

.20592 

.97857 

.22297 

.97483 

.2399.5 

.97070 

.25085 

.90045 

7 

54 

.18910 

.98196 

.20620 

.97861 

.22325 

.97470 

.24023 

.97072 

.25713 

.90038 

6 

53 

.18938 

.98190 

.20649 

.97845 

.22353 

.97470 

.24051 

.9700.5 

.25741 

.96030 

5 

56 

.18967 

.98185 

.20677 

.97839 

.22382 

.97463 

.24079 

.97058 

.25700 

.90023 

4 

57 

.18995 

.98179 

.20706 

.97833 

.22410 

.97457 

.2410S 

.97051 

.25798 

.90015 

3 

IH 

-19024 

.98174 

.20734 

.97827 

.22438 

.97450 

.24130 

.97044 

.2.5820 

.90f)OS 

2 

59 

.19052 

.9S16S 

.20763 

.97821 

.22467 

.97444 

.24164 

.97037 

.25854 

.90000 

1 

GO 

.19081 

.98163 

.20791 

.97815 

.22495 

.97437 

.24192 

.97030 

.25882 

.90593 

0 

# 

Conn 

Sine 

Co«n 

Sine 

Coftin 

Sine 

Cosin 

Sine 

Cosin 

Sine 

79* 

78'   1 

77'*   1 

76"   1 

76»   i 

yGoogk 


Trigonometry 


Part  1 


0 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 

U 
12 
13 
14 
15 
16 
17 
18 
10 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
30 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 
56 
57 
58 
59 
00 


la** 


Sine  Cosin 


.25882 
.25910 
.25938 
.25966 
.25994 
.26022 
.26050 

J26107 
.26135 
.26163 

.26191 
.26219 
.26247 
.26275 
.26303 
.26331 
.26359 
.26387 
.26415 
J6443 

.26471 
.26500 
.26528 
.26556 
.26584 
.26612 
.26640 
.26668 
.26696 
.26724 

.26752 
.26780 
.26808 
.26836 


.26892 
.26920 
.2694S 
.26976 
.27004 

.27032 
27060 
.27088 
27116 
.27144 
.27172 
.27200 
.27228 
.27256 
.27284 

.27812 
.27340 
.27368 
.27396 
.27424 
.27452 
.27480 
.27508 
.27530 
.27564 


.96593 
.96585 
.96578 
,96570 
.96562 
.96555 
,96547 
,96540 
.96532 
.96524 
.96517 

.96509 
.90502 
.96494 
.96486 
.90479 
.96471 
.96463 
.96456 
.96448 
.96440 

.96433 
.96425 
.90417 
.96410 
.96402 
.96394 


,96379 
96371 
.96363 

.96355 
,96347 
,96340 
90332 
,90324 
,90310 
96306 
90301 
.96293 
.96285 

.96277 
.96269 
.96261 
.96253 
.96246 
.96238 
.96230 
.96222 
.96214 
.96206 

.96198 
.96190 
.96182 
.96171 
.96166 
.96158 
.96150 
.90142 
.90134 
.9612r. 


Coain    Sine 
74- 


16' 


Sine  Co8in 


27504 
.27592 
.27620 
.27048 
.27676 
,27704 
.27731 
.27769 
.27787 
,27815 
27843 

.27871 
.27899 
27927 
.27955 
27983 
.28011 
23039 
28067 
.28095 
.28123 

.28150 
.28178 
.28206 
38231 
.28262 
.28290 
.28318 
.28346 
.28374 
.28402 

.28429 
.28457 
.28485 
,28513 
.28511 
.28569 
.28597 
.28625 
.28052 
.28080 

J287Q^ 
.28736 
.28764 
.28792 


.96126 
.90118 
.90110 
.90102 
.98094 
.96080 
.90078 
,90070 
.90002 
.96054 
.96040 

.96037 
.96029 
.96021 
.96013 
.96005 
.95997 


.28847 
.28875 
.28903 


.29015 
.29042 
.29070 
.29098 
.29126 
.29154 
.29182 
.29209 
.29237 


.95981 
.95972 
.95964 

.95956 
.95948 
.95940 
.95931 
.95923 
.95915 
.95007 
.95898 
.95890 
.95882 

.95874 
.95805 
.9^i'>7 
95849 
.95841 
.95832 
.95824 
.95810 
.95807 
.95799 

.95791 
.95782 
.95774 
.95760 
.95757 
,05749 
.95740 
.95732 
.95724 
.95715 

.95707 

,95698 
.95090 
.95681 
.95073 
.95664 
.95650 
.95647 
.95639 
.9.5630 


rosin    Sine 


73* 


l?** 


Sine  Conn 


.29237 
.29265 
.29293 
.29321 
.29348 
.29376 
.29404 
.29432 
.29460 
.29487 
.29515 

.29543 

.29571 
.29599 
.29626 
.29054 
.29682 
.29710 
.29737 
.29765 
.29793 

.29821 
,29849 
.29876 
.29904 
.29932 
59960 
,29987 
,30015 
,30043 
.30071 

.30098 
.30120 
.30154 
30182 
.30209 
.30237 
.302fi5 
.30292 
.30320 
.30348 

.30376 
.30103 
.30431 
.30450 

.30486 

3a5i4 

.30542 
.30570 
.30597 
.30625 

.30653 
.30680 
.30708 
.30730 
.30763 
.30791 
.30819 
.30846 
.30874 
.30902 


.95630 
.95622 
.95613 
.95605 
.95590 
.95588 
.95579 
.96571 
.95562 
.95554 
.95545 

,95586 
.95628 
,95519 
.95511 
.95502 
.95493 
.95485 
.95476 
.95467 
.95469 

.95450 
.95441 
.95433 
.95424 
.95115 
.95407 
.95398 


.95380 
.95372 

.95363 
.95354 
.95345 
95337 
.95328 
.95319 
.95310 
.95301 
.95293 
.95284 

.95275 
,05266 
.95257 
,95248 
.95240 
,95231 
.95222 
.95213 
.95204 
.95195 

.95186 
.95177 
.9516«i 
.95159 
.95150 
.95142 
.95133 
.95124 
.95115 
.95106 


Cosin  I  Sine 


72' 


18" 


Sine  Cosin 


.30902 
.30929 
.30957 
,30985 
.81012 
.31040 
,31068 
31095 
,31123 
,31151 
81178 

.81206 
.31233 
.31261 
.31289 
.31316 
.81344 
.81872 
.31899 
.31427 
.31454 

.81482 
.81510 
.31537 
31566 
.31593 
.31620 
.31648 
.81675 
.31703 
.31730 

.31768 
.31786 
.31813 
.31841 
31808 
.31806 
.31923 
.31951 
.31979 
,32000 

.32034 
.32001 
.32089 
.32116 
.32144 
.32171 
32199 
.32227 
.32254 
.32282 

.32309 
.82337 
.32364 
82392 
.82419 
.32447 
.82474 
.32502 
.32529 
.32557 


.95100 
.95097 
.95088 
.95079 
.95070 
.95061 
.95052 
.95043 
.95033 
.95024 
.95016 

.95006 
.94997 
.94988 
.94979 
.94970 
.94961 
.94952 
.94043 
.94933 
.94924 

.94915 
.94906 
.94897 

.94888 
.94878 
.94869 
.94860 
.94851 
.94842 
.94832 

.94823 
.94814 
.94805 
.94795 
.94780 
.94777 
.94768 
.9476S 
.94749 
.94740 

.94730 
.94721 
.94712 
.94702 
.94693 
.91684 
.94674 
.94605 
.94050 
.94646 

.94637 
.94627 
.94618 
.94609 
.94599 
.94590 
.93580 
.94571 
.94561 
.94552 


Cosin  Sine 


71' 


,32557 
,32584 
.32612 


.32667 
.32694 
,32722 
.32749 
.32777 
,32804 


JSZ8S6 
.82887 
.32914 
.32942 
.32969 
.32997 
,83024 
.33051 
.83079 
,33106 

,33134 
.33161 
.33189 
.33216 
,33244 
.33271 
,33298 


le** 


Sine  Cosin 


.33353 
.33381 

,38408 
.33436 
.33463 
.33490 
.33518 
.33545 
.33573 
.33600 
.33627 
.33655 

33682 
.33710 
.23737 
.33764 
.33792 
33819 
,33846 
.33874 
.33901 
.33929 


.33983 
.34011 
.3403S 
.34065 
.34093 
.34120 
.34147 
.34176 
.84202 


.94552 
.94542 
.94583 
.94523 
.94614 
.94504 
.94495 
.94485 
.94470 
.94466 
.94467 

.94447 
.94438 
.94428 
.94418 
.94409 
.94399 
.94390 
.94380 
.94370 
.94361 

.94851 
.94342 
.94332 
.94322 
.94313 
.94303 
.94293 
.94284 
.94274 
.94264 

.94254 

.94245 
.94235 
.94225 
.94215 
.94206 
.94196 
.94186 
.94176 
,94167 

.94167 
.94147 
.94137 
.94127 
.94118 
.94106 
.94098 
.940S8 
.94078 
.94068 

.94058 
.94049 
.94039 
.94029 
.94019 
.94009 


Cosin    Sine 


70° 


60 
69 
68 
67 
60 
65 
64 
63 
62 
61 
60 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
87 
30 
35 
34 
33 
32 
31 
30 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 

19 
18 
17 
16 
16 
14 
13 
12 
11 
10 

9 
8 
7 

6 
6 

4 
S 
2 
1 
0 


yGoogk 


Table  of  Natural  Sines  and  Cosines  99 


y  Google 


Tcigoiioiiietcy 


P&rt  1 


25' 

Sine  Ooiin 


12262 
422as 
.42315 
,42341 
.42367 
12304 
42420 
.42446 
.42473 
.42499 
.42525 


4257S 
.42604 
.42631 
.42657 
.42CS3 
.42709 
.4273<i 


,90631 
.90618 
90606. 
.90594 
.905S2! 
.90509 
.9a557 
.90545 
.90532 
90520 
.90507 


26° 

Sine  Coain 


.42552  .90495 


.90483 
.90470 
.9045M 
.90446 
.90433 
.00421 
,904as 


!427ft2  !9039fi, 
42788  .90383 


.4281 

.42841 

.42Sti 

.42^94 

.42920 

.429441 

.42972 

.4299) 

.42025 

13051 

,42077 

43104 

.43130 

431.V; 

t31S2 

43209 

43235 

43261 

,432S7 

43313 

43340 

433(V: 

43392 

434 IH 

43445 

43471 

4349 

43523 

43549 

43575 

43602 
43()i.K 
43054 
43r>SO 
4370r> 
43733 
43759 
437M.'> 
43811 
43K37 


.90371 
90358! 

.90340, 
.90334 
,90321 
.90300 
.90290 
.90284 
.90271 
.90259 

.90246 
90233 
.90221 
.9020S 
90196 
.00183 
.90171 
.9015^ 
90140 
90133 

.90130 
.9010S 

.90095 
.900S2 
.90070 
9O057 

.tlOOlD 

.90032 
.90019 
.90007 

89994 

S9981 
.8990S 
S995(l 

.89930 
.899  IS 
.H990.T 
89*^92 
.89870 


Coain  Sing 
64° 


.43837 
.438^3 
.43889 
.43916 
.4394: 
.43968 
.43994 
.44020  ^9790 


41046 
.44072 

.44098 

.44124 

.44151 
.44177 
.44203 
.44229 
.44255 
.44^1 
.44307 
.44333 
.44359 

.4438.5 
.44411 
44437 
44464 


44490  .89558 


445K. 
44542 

44568 
44594 


44620  .89493 


44646 
,44r.72 
.44698 
44724 
,44750 
44776 
44802 
.44<<28 
,448.V4 
44880 

44906 
44932 
44958 
44984 
45010 
.45036 
45062 
450S8 
45114 
,46140 
45166 
45192 
45218 
45243 
45269 
4529.5 
45321 
45347 
45373 
45399 


.80879 
M867 

.89854 
89841 
.8982S 
,89816 
.80803 


89777 
.89764 
89752 

S9739 

.89726 
.89713 
89700 
.89687 
.89674 
.89662 
,89649 
.89636 
.89623 

,89610 

.89597 
.89584 
.89571 


.89545 
.89532 
.89519 
.89506 


8iiie  |Go«in 


45399 


45425  .89087 


.89480 
.89467 
.89454' 
89441 
.894281 
89415 
89402 
.89389; 
89376' 
89363 

.89350* 

.89337' 
89334; 
.89311' 
.89298 
.89285; 
,89272 
.89259 
89245 
.89232, 

.892191 

.89206,1 

.891931 

,89180 

.89167 

.89153 

.801401 

.89127] 

,89114! 

.89101 


.45451 
.45477 
.45503 
.45529 
.45554 
.45580 
.45606 
.45632 


.89101 


Coain  >Sinc 


.45710 
.45736 
.45762 

.45787 
.45813 
.45839 
.45vH65 
.4.S891 
.45917 

.46942 

.459'« 
.45994 
.46020 
.46040 
.46072 
.46097 
.46123 
.46149 
.46176 

.46^1 

4622C 
4625J 
46278 
46304 
46330 
46355 
46381 
46407 
46433 

,46458 
46484 
40510 
4<i530 
46501 
46.">S7 
46613 
46639 
.46664 
.46600 

,46716 
46742 
46761 
46793 
46819 
46844 
46S70 
46896 
40921 
4<i947 


(x>8in  Sine 
63° 


.89074 
.89061 
.89048 
.89035 
.89021 
.89008 
.88995 
,88981 


45658.88966 

.88956 
.88942 
.88928 
.88915 
.88902 
.88886 
.R8875 
.88862 
Ji8Si8 
.88835 


88808 
.88796 
.88782 
.88708 
.88756 
.88741 
,88728 
.88715 
88701 


.88674 
8866 1 

.88647 
88634 

.88620 
88<i07 
88593 

.88580 

.88566 

.8S553 
.88539 
.88520 
.8S,',12 
.S8490 
.884S5 
.aS472 
.88458 
.88445 
.88431 

.88417 
88404 
.88390 

.88377 
.88363 
.88349 
.88336 
.88322 
.88308 
.88295 


:w: 


Sine  iCociii 


40947 
.40073 
.46909 
.47024 
.47050 
.47076 
.47101 
.47127 
.47153 
.47178 
.47204 

.47230 
.47355 
47281 
,47306 
47332 
.47358 
.47383 
.47409 
.47434 
.47460 

.47486 
.47511 
4753: 
47502 
,47588 
47614 
47639 
47665 
47090 
47716 


.47741 

.47767 
47793 

,47818 
,47844 
47S09 
.47895 
47920 
47946 
47971 


.47997 

.48022 
4«048 
,48073 
.48099 
,48124 
,48150 
,48176 
.48201 


48252 
48277 
48303 
48328 
48354 
48370 
48405 
48430 
48456 
48481 


CoMin  SioD 


.68295 
Ji8281 
.8826; 
.88254 
.88240 
.8^226 
.88213 
.88199 
Ail85 
.88172 
.88156 

^144 
.86130 
,88117 
.88103 
.88089 
w88075 
.88062 
88048 
.88034 
.88020 

.88aK) 
,87993 
Ji7979 
.87065 
.87951 
.87937 
.87923 
.87909 
.8789<) 
.87682 


Sine  Coeip 


.87462 

.87448 
.87434 
.87420 
87406 
.87391 
.87377 
.87363 
.87349 
Ji7335 
.87321 


.48481 
.48506 
.48532 
.48557 
.48583 
.48608 
.48634 
.48659 
48684 
48710 
48735 


il7868 
.87854 
.67840 
.87820 
,87812 
.87798 
.87784 
.87770 
.87756 
.87743 


.87729 
87715 
.87701 
,87687 
.87673 
.87659 
.87645 
JJ7631 
.87617 
46226  .87603 


.87580 

,87575 
.87561 
,87546 
.87532 
.87518 
.87504 
,87490 
.87470 
,87402 


.611 


.48761 

.48786 
.48811 

.48837 
.4.8862 

48913 
4893S 

489<'»4 
48989 


.49014 
.49040 
.49065 


,87164 
.87150 
.87136 
49090.87131 
.87107 
>J70e3 
.87079 
.87064 
.87060 
87026 

.87021 
.87007 
.86093 


.49116 
.49141 
.49166 
.49192 
.49217 
.4924? 

.49268 
.49293 
.49318 
.49344 
.49369 


.49419 
.49445 
.49470 
.49495 

.49621 
.40546 
.49571 
.49506 
.40622 
.49647 
.49672 
.49097 
.49723 
.49748 

.49773 
.49708 
.49824 
.40849 
.49874 
.49890 
.49924 
.499-30 
.49975 
.50000 


Cowjp  Sine 
60° 


,87306 
87292 
87278 
.87364 
.87250 
.87236 
.87221 
87307 
>i7193 
.87178 


60 
69 
&8 

57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
S3 
32 
31 
>> 
39 
28 
27 


.86078  36 


.86964 
.66949 
.86935 
.86921 
,86906 


,86876 
.86663 
.86849 
.86834 
.86820 
.80805 
.86791 
.86777 
86762 
.86748 

.86733 
86719 
86704 
.86690 
,86675 
.86661 
.86046 
.8<i632 
.86617 


S6603    0 


y  Google 


Table  of  Natural  Sines  and  Cosines 


101 


SO* 


Sine   CoaiD 


0  .50000 

1  '  .c->t>5 

2  .50i>5O 

3  501376 

4  50101 

5  .5011V> 

6  .5015! 

7  .50!7»H 
^  VjJOl 
9  .51)227 

10   .50C252 

:i  1.5027' 

12  !. 5*1302 

13  i..>'3327 
U  5*^52 
15  .5:»37 
1^  .50403 
17  5042^ 
:>    5045.1 

H  .5047? 
J0L5O5O3 

.  2\  !  .V^2v 
:!:  50.V^1 
.^  5057U 
24  50603 
:'^    5062** 

>  I  50054 
j:!.5«>>79 

>  .50704 
.Tr '.50729 
»  J07W 

-1  !.50779 
>i    50VM 

J.3  ..y«2^ 
u  .yK>4 

.S0^79 


.S65S.S 
.'<d573 
.S65>W 
.>5«44, 
.86530! 
.86515 
.S6501 
.S^4Sft 
.*ft171 
.Sd457 

8644 
SW27 
.?«tW13 

,*'>384 

.<tfi354 
.M340 
.8ft325 
.86310 

.86295 
..Hii2Sl 
S^266 
.S^251 
>>237 
^6222 
JW20 
86192 
S6178 
86163 

.861 4S 
S6133 
86119 
86104 
80O89 
5^  50904  .86074 
.86059 
.8604.'> 
.86030 
.8<J015 

.86000 
.85985 
.85970 
.85056 
.85<*41 
.85926 
.85911 
.85<*96 
.S5S81 
.85866 

,85851 

.85.836 

.85821 

.S5806 

.»5792 

Ji577 

.85762 

.8574 

.85732 

.8571 


i^' 

yj92^ 

> 

50954 

5<i 

vy»79 

40 

.51004 

41 

.51029 

4: 

.510M 

« 

.51079 

i( 

.51104 

1=; 

.51129 

4'", 

.MI54 

17 

.51179 

;^i.51204 
\*  .51229 
>0  1.51254 


I  51 '.51279 
5:  .51304 
l-i  .51.129 
I  >4  ,.51354 
I  S3  1.51379 
KV^  J1404 
\y  .51429^ 
1  S-  LSI  454 
y  .51479 
U'J  ^1504 


CoBJn    Sine 


31' 


Sine  Cocin 


.51504 
.51529 
.51564 
,51579 
51604 
51628 
.51653 
51678 
51703 
5172S 
51753 

51778 
51803 
51828 
51852 
51877 
,51902 
.51927 
.51952 
51977 
.52002 

5202r, 
52051 
52076 
52101 
.52126 
52151 
52175 
.62200 
52225 
52250 

52275 
52299 
52324 
52349 
52^74 
52399 
52423 
52448 
52473 
52498 

52522 
5254 
.52572 
.52597 
.52<521 
.52646 
52671 
.52696 


.52745 

.52770 
.52794 
,52819 
.52844 
.52869 
.52893 
.52018 
.52943 
.52967 
.53902 


85717 
.85702 

,85687 
.85672 
.85657 
.85642 
.8.5627 
,8561? 
.85597 
.85582 
,8556 

.8.5551 
.85536 
.85521 
,85506 
,85491 
,85470 
.85461 
.85440 
.85421 
.86416 

,85401 
.853S5 
85370 
.85355 
>^340 
.85325 
.85310 
.85294 
.85279 
85264 

.85249 
.85234 
85218 
.85203 
.8518 
.85173 
.85157 
.85142 
.85127 
.85112 

85096 
85081 
.85060 
.85051 
.85035 
85020 
85005 
.84989 


.52720  .84974 


.84959 

.84943 

,84928 
.84913 
.8489^ 
AASS2 
.84866 
.84851 
.84836 
.84820 
.84805 


32" 


Sine  Cosin 


Cosin  Sine 


.52902 

.53017 

.5304 

.53066 

.53091 

.53115 

.53140 

.53164 

.53189 

.63214 

.58238 

.53263 
.53288 
.53312 
.53337 
.53361 
.53386 
.53411 
.53435 
.53460 
.53484 

.53509 
.53534 
.5355S 
.53583 
.53607 
.53632 
.53656 
.53681 
.53705 
.53730 

.53754 
.63779 
.63804 
.63828 
.63853 
.63877 
.53902 
.63926 
.63951 
.68976 

.64000 
.64024 
.64049 
.64073 
.6109^ 
.64122 
.64146 
.64171 
.54195 
.64220 


.54244 
.54269 
.54293 
,54317 
,54342 
,54366 
54391 
54415 
54440 
,54464 


.84805 
.84789 
.84774 
.84759 
.84743 
.84728 
.84712 
.84697 
.84681 
.84606 
.84650 

.84635 
.84610 
.84604 
.84588 
.84673 
.84557 

84542 
.84520 

8«11 
.84495 

.84480 
.84404 
.84448 
.84433 
84417 
,84402 
.84386 
.84370 
.84355 
.84339 

.84324 
.84308 
.84292 
.84277 
.84261 
.84245 
.84230 
.84214 
.84198 
.84182 

.84167 
.84151 
.84135 
.84120 
.84101 
.8408S 
.84072 
.84057 
.84041 
.84025 


.84009 
.83994 
.83078 
.83062 
8394fi 
.83930 
.83915 
.83899 
.83883 
.838^7 


jCosin  Sine 


33* 


Sine  Cosin 


54464 
.54488 
.54513 
.54537 
.54561 
.54586 
.54610 
.64635 
.54659 
.54683 
.54708 

.54732 
.54756 
.54781 
.54805 
.54829 
.54854 
.64878 
.64902 
.5492' 
.54961 

.54975 
.5<999 
.55024 
.55048 
.55072 
.55097 
.55121 
.55145 
.55169 
.55194 

.55218 
.65242 
.55266 
.55291 
.55315 
.55339 
.55363 
..55388 
.55412 
.56436 

.55460 
.55484 
.55.509 
.55533 
.5555' 
.55.581 
..55605 
.55630 
.55054 
.55678 

.55702 
.55726 
.55750 
.55775 
,55799 
,55823 
55847 
55871 
55895 
55919 


,83867 
.83851 
.838.35 
.83819 
,83804 
,83788 
.83772 
,83766 
.83740 
.83724 
.83708 

.83692 
.83676 
.83660 
.83645 
.83629 
.83013 
.83597 
.83581 
,83565 
.83549 

.83533 
,83517 
.83501 
.8348.5 
,83469 
,83453 
.83437 
.83421 
,83405 
.83389 

.83373 
.8335<' 
.83340 
.83324 
.83308 
.83292 
.83276 
.83260 
.83244 
.83228 

.83212 
.83195 
.83179 
.831631 
.83147 
.83131 
.83115 
.83098 
.8.3082 
.83066 

.83050 
.83034 
.83017 
.83001 
.82985 
.82969 
.82953 
.82036 
.82920 
82904 


Sine  Cosin 


Cosin    Sine 
60° 


.55919 
.55943 
.55968 
.55992 
..56016 
.56040 
.56064 
..56088 
.56112 
.66136 
56160 

56184 
.56208 
.56232 
..56256 
56280 
56305 
.56329 
..56353 
.56377 
.56401 

.56425 
.56449 
.56473 
.56497 
.56521 
.56545 
.66.569 
.56593 
.56617 
.66641 

.56665 
.56689 
.56713 
.5673f 
.56760 
.56784 
.5680' 
.66832 
.5685fi 
.66880 

.66904 
.56028 
.5r.05:2 
.5607(1 
.57000 
.57024 
..57017 
.57071 
.57095 
.67119 

.57143 
.57167 
.57191 
..57215 
.57238 
.5720: 
.57286 
.57310 
.57334 
.57358 


.82^104 
.82887 
.82871 
.82855 
.82839 
.82822 
.82806 
.82790 
.82773 
.8275: 
.82741 

.82724 
.82708 
.82092 
.82675 
.82669 
.82043 
.82626 
.82010 
.82503 
.8257^ 

.82501 

.82544 

.82528 

.8251 

.82496 

.82478 

.82462 

.82446 

.82429 

.82413 

.82396 
.82380 
.82303 
.8234' 
.82330 
.82314 
.8229' 
.82281 
.82264 
.82248 

.82231 
.82214 
.82198 
.82181 
.82165 
.82148 
.82132 
.82115 
.8209.^^ 
.82082 

J520C5 
82048 
.82032 
,82015 
.81999 
.819S2 
.81005 
.819-10 
.81932 
,81915 


C^  )sin    Sine 
56° 


y  Google 


102 


Trigonometry 


Par 


/ 

3«*   1 

36-   1 

37- 

38* 

ao'^ 

Sine 

Cotfin 

Sioe 

Coain 

Sioe 

Oosio 

Sine 

Coein 

Sine 

Cosin 

' 

~0 

.57358 

.81915 

.68779 

^80902 

.60182 

.79864 

.61506 

.78801 

.62932 

.77715 

"eo 

1 

.57381 

.81899 

.58802 

.80885 

.60205 

.79846 

.61689 

.78783 

.62055 

.77096 

59 

2 

.57405 

.81882 

.58826 

.80867 

.60228 

.70829 

.61612 

.78756 

.62977 

.77678 

6S 

3 

.57429 

.81805 

.53849 

.80850 

.00251 

.79811 

.61635 

.78747 

.63000 

.77660 

57 

4 

.57453 

.81848 

.58873 

.80833 

.60274 

.79793 

.61058 

.78729 

.63022 

.77641 

56 

5 

.57477 

.81832 

.58896 

.80816 

.60298 

.79776 

.61681 

.78711 

.63045 

.77623 

55 

6 

.57501 

.81815 

.58920 

.80799 

.60321 

.79758 

.61704 

.78604 

.63068 

.77005 

54 

7 

.57524 

.81798 

.58943 

.80782 

.60344 

.79741 

.61726 

.78676 

.63090 

.77586 

53 

8 

.57548 

.81782 

.58967 

.80765 

.60367 

.79723 

.61749 

.78658 

.63113 

.77668 

52 

9 

.57572 

.81765 

.58990 

.80718 

.60390 

.79706 

.61772 

.78640 

.63136 

.77550 

51 

10 

.57596 

.81748 

.59014 

.80730 

.00414 

.79688 

.61795 

.78622 

.63158 

.77531 

50 

11 

.57619 

.81731 

.59037 

.80713 

.60437 

.79671 

.61818 

.78604 

.63180 

.77513 

40 

12 

.57643 

.81714 

.59061 

.80696 

.604G0 

.79653 

.61841 

.78586 

.63203 

.77494 

48 

13 

.57667 

.81698 

.59084 

.80679 

.60483 

.79635 

.61864 

.78568 

.63225 

.77476 

47 

14 

.57601 

.81681 

.59108 

.80662 

.00506 

.79618 

.61887 

.78550 

.63248 

.77468 

46 

15 

.57715 

.81604 

.59131 

.80644 

.60529 

.79600 

.61909 

.78532 

.63271 

.77439 

45 

16 

.57738 

.81047 

.59154 

.80627 

.60553 

.795S3 

.61932 

.78514 

.63293 

.77421 

44 

17 

.57702 

.81631 

.59178 

.80610 

.60576 

.79505 

.01955 

.78496 

.63316 

.77402 

43 

IS 

.57786 

.81614 

.59201 

.80593 

.60599 

.79547 

.61978 

.78478 

.77384 

42 

19 

^7810 

.81597 

.59225 

.80576 

.60^:22 

.79530 

.62001 

.78460 

.63361 

.77366 

41 

20 

.57833 

.81580 

.59248 

.80558 

.60615 

.79512 

.62024 

.784 i2 

.63383 

.77347 

40 

21 

.57857 

.81503 

.59272 

.80541 

.60068 

.79494 

.62046 

.78424 

.63406 

.77329 

30 

22 

.57881 

.81546 

,59295 

.80524 

.60691 

.79477 

.62069 

.78405 

.63428 

.77310 

38 

23 

.57904 

.81530 

,59318 

.80507 

.60714 

.79459 

.62092 

.78387 

.63451 

.77292 

37 

24 

.57928 

.81513 

.59342 

.80489 

.60738 

.79441 

.62115 

.78369 

.63473 

.77273 

36 

25 

.57952 

.81496 

,59365 

.80472 

.60761 

.79424 

.62138 

.78351 

.634f>6 

.77255 

35 

26 

.57976 

.81479 

.59389 

.80455 

.60784 

.79406 

.62160 

.78333 

.63618 

.77236 

34 

27 

.57999 

.81462 

.59412 

.80438 

.60807 

.70388 

.62183 

.78315 

.63540 

.77218 

33 

28 

.58023 

.81445 

,59436 

.80420 

.60830 

.79371 

.62206 

.78297 

.63563 

.77199 

32 

20 

.58047 

.8142K 

.59459 

.80403 

.6aS53 

.79353 

.62229 

.78279 

.63585 

.77181 

31 

30 

.58070 

.81412 

.59482 

.S03SG 

.60870 

.79335 

.62251 

.78201 

.63608 

.77162 

30 

31 

.58094 

.81395 

,59506 

.80308 

.60899 

.79318 

.62274 

.78243 

.03630 

.77144 

29 

32 

,58118 

.81378 

..59529 

.80351 

.60922 

.79300 

.62297 

.78225 

.63653 

.77125 

28 

33 

.5314 1 

.81361 

.59552 

.80334 

.60945 

.79282 

.62320 

.78200 

.63675 

.77107 

27 

34 

.58165 

.81344 

.59576 

.80316 

.60908 

.79264 

.62342 

.78188 

.63698 

.770.88 

26 

35 

.58189 

.81327 

.59599 

.80299 

.60991 

.79247 

.62365 

.78170 

.63720 

.77070 

25 

46 

.58212 

.81310 

,59622 

.80282 

.61015 

.79229 

.62388 

.78152 

.63742 

.77051 

24 

37 

.58236 

.81293 

.59646 

.80264 

.61038 

.79211 

.62411 

.78134 

.63765 

.77033 

23 

38 

.58260 

.81276 

.80247 

.61061 

.79193 

.62433 

.78116 

.63787 

.77014 

22 

39 

.58283 

.81259 

.59693 

.802,30 

.61084 

.79170 

.62456 

.78098 

.63810 

.76996 

21 

40 

.58307 

.81242 

.59716 

.80212 

.61107 

.79158 

.62479 

.78079 

.63832 

.76977 

20 

41 

.58330 

.81225 

.50739 

.80195 

.61130 

.79140 

.62502 

.78061 

.63864 

.76959 

19 

42 

.58354 

.81208 

.59763 

.80178 

.61153 

.79122 

.62524 

.78043 

.63877 

.70940 

18 

43 

.58378 

.81191 

.59786 

.80160 

.61176 

.79105 

.62547 

.78025 

.63899 

.76921 

17 

44 

.58401 

.81174 

.59809 

.80143 

.61199 

.79087 

.62570 

.78007 

.63922 

.70903 

10 

45 

.58425 

.81157 

.59832 

.80125 

.61222 

.79009 

.62592 

.77988 

.63944 

.76884 

15 

46 

.58449 

.81140 

.59856 

.80108 

,61245 

.79051 

.62615 

.77970 

.63966 

.76860 

14 

47 

.58472 

.81123 

.59879 

.80091 

.61268 

.79033 

.62638 

.77952 

.63989 

.76847 

13 

48 

.58496 
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.59002 

.80073 

.61291 

.79016 

.62660 

.77934 

.61011 

.70828 

12 

40 

.58519 

.81089 

.59926 

.8005(') 

.01314 

.78998 

.62683 

.77916 

.64033 

.70810 
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50 

.58543 

.81072 

.59949 

.80038 

.61337 

.78980 

.62706 

.77897 

.64056 
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51 

.58567 
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.59972 

.80021 

.61360 

.78962 
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.64078 
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.77806 
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.62887 
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.74217 
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.68327 
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.73904 
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.72717 
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.71508 
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a 
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.76192 

.66088 

.75050 

.07387 

.73885 

.68066 

.72697 

.09925 
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38 

23 

.64790 

.76173 

.66109 

.75030 

.67400 

.73865 

.68688 

.72677 

.09946 

.7140S 

37 

24 

.64812 

.76154 

.C6131 

.75011 

.67430 

.73846 

.68709 

.72657 
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.71447 
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.76135 

.66153 

.74992 

.67452 

.73826 
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.72637 
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.66175 
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.68751 
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34 
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.76007 
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.74953 
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.68772 
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.71380 
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.74934 
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.72577 
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.74915 
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.72557 
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.74890 

.67559 

.73728 

.68835 

.72537 
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.66284 

.74876 

.67580 
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.68857 

.72517 

.70112 

.71305 

29 

23 
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.74857 

.67602 

.73688 

.68878 

.72497 
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28 

33 
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.75984 
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.74838 
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.73069 

.68899 

.72477 
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27 

14 
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.75965 

.66349 

.74818 

.67645 

.73649 

.08920 

.72457 
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35 
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.75946 
.75927 

.66371 
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.74799 
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.67666 
.6768« 
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37 
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.75908 
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.74760 
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.65122 

.755?89 

.66436 

.74741 

.67730 

.73570 
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.72377 

.70257 

.71162 

22 

39 

.65144 

.75870 

.66458 

.74722 

.07752 

.73551 
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.72357 

.70277 

.71111 

21 
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.65166 

.75851 

.66480 

.74703 
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.73531 

.69046 

.72337 

.70298 

.71121 

20 

41 

.65188 

.75832 

.66501 

.74683 

.67795 

.73611 

.69067 

.72317 

.70319 

.71100 

19 

42 

.65210 

.75813 

.66523 

.74661 

.67816 

.73491 

.69088 

.72297 

.70339 

.710S0 

18 

43 
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.75794 

.66545 

.74644 

.67837 

.73472 

.69109 

.72277 
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.71059 

17 

44 

.65254 

.75775 

.66506 

.7462.5 

.67859 

.724.'i2 

.09130 

.72257 

.703K1 

.71039 

16 

45 

.6527<i 

.75756 

.6»>588 

.7460G 

.67880 

.731.32 

.09151 

.72230 

.70401 

.710!9 

15 
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.66610 

.74580 

.67901 

.73413 

.09172 

.72210 

.70422 
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14 
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.75719 

.66632 

.74567 

.67923 

.73393 

.09193 
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.70443 
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13 
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.75700 

.66653 

.74548 

.6794^4 

.73373 

.69214 

.72170 

.70403 
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12 

49 
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.75680 

.66675 

.74528 

.67965 

.73353 

.60235 

.72150 

.70484 

.70937 

11 

50 
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.75661 

.66697 

.74509 

.67987 

.73333 

.69256 

.72136 

.70505 

.70910 

10 

51 

65408 

.75642 

.66718 

.74489 

.68008 

.73314 

.09277 

.72116 

.70525 

.70890 

9 

52 

.65430 

.75623 

.66740 

.74470 

.68029 

.73294 

.09298 

.72095 

.70.540 

.70875 

8 

53 

.65452 

.75604 

.66762 

.74451 

.68051 

.73274 

.69319 

.72075 

.70507 

.70S55 

7 

54 

.65474 

.75585 

.66783 

.74431 

.68072 

.73254 

.09340 

.72055 

.70587 

.70834 

6 

53 

.65490 

.75566 

.66805 

.74412 

.68093 

.73234 

.09361 

.72035 

.70008 

.70813 

5 

5C 

.65518 

.75547 

.66827 

.74392 

.68115 

.73215 

.69382 

.72015 
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.70793 
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.75528 

.6084S 
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.71995 
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.6687C 
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.73175 
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.70752 
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00 

1 

.00029 
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a 
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68 

a 
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67 

4 
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66 

5 
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27.4899 
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65 

A 
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.01920 
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27.2716 

.05416 

18.4645 

64 

7 

.00204 
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.01949 

61.3032 
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27.0566 

.05145 

18.3655 

63 

8 

.00233 
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.01978 

60.5485 

.03725 

26.8450 

.05474 

18.2677 

62 

9 
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.03754 
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18.1708 

61 
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11 
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.02066 
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49 

12 
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286.478 

.02005 

47.7305 

.03842 
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48 

13 

.00378 
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47 
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46 
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.03929 

25.4517 
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46 

Id 
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45.2261 

.03058 

25.2644 

.05708 
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44 

17 

.00495 

202.219 

.02240 

44.6386 

.03987 

25.0798 

.05737 

17.4314 
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18 
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.02269 

44.0661 

.04016 
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42 

19 

.00553 
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38 

23 
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24.0263 
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37 

24 
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16.8319 

30 

25 

.00727 

137.507 
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.04220 
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36 

26 

.00756 
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.02502 

89.9655 

.04250 
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.05999 

16.6681 

84 

27 

.00785 

127.321 

.02531 

89.5059 

.04279 

23.3718 

.06029 

16.6874 

?3 

28 

.00815 

122.774 

.02500 

39.0568 

.04308 

23.2137 

.06058 

16.5075 

32 

29 

.00844 

118.540 

.02589 

38.6177 

.04337 

23.0577 

.06087 

16.4283 

31 

30 

.00873 

114.589 

.02619 

38.1885 

.04866 

22.0038 

.06116 
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30 

31 

.00902 

110.892 

.02648 

37.7686 

.04395 
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32 
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.02677 

37.3579 

.04424 
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33 
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.02706 
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22.4541 
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34 
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.02735 
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22.3081 
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42 
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.04718 
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INTRODUCTION 
EDIiANAnON  W   SUBJEGT*MATTER  AND  NOTATION 

L  Introduction  to  Part  II 

Snbject-Matter  of  Part  IL  In  the  twenty-xune  chapters  of  Part  II  are 
givea  the  necessary  rules,  formulas  and  data  for  computing  the  strength  and 
stability  of  aO  ordinary  forms  of  buflding-construction,  whether  of  wood,  steel, 
concrete  or  masonry,  and  in  fact  of  all  but  the  more  intricate  problems  of  steel 
construction,  with  which  few  architects  care  to  cope,  and  which,  indeed,  are 
more  especially  within  the  province  of  the  engineer. 

Tho  Rvloa  and  Formnlaa  have  been  reduced  to  their  simplest  forms,  and, 
in  general,  require  only  an  elementary  knowledge  of  mathematics  to  understand 
thctn.  The  application  of  the  formulas  is  explained  and  in  most  cases  their 
derivation,  and  it  is  believed  that  the  formulas,  constants  and  working  stresses 
are  rqaescntative  of  conservative  and  approved  contemporary  practice. 

Constants  and  Workinc  Stresses.  In  the  use  of  constants  for  the  strength 
of  materials  the  authors  and  editors  have  been  guided  by  the  practice  of  leading 
stiuctux^  engineers,  by  the  available  records  of  tests  and  by  their  own  expe- 
xieoce  of  many  years  as  practicing  and  consulting  architects  and  engineers. 
The  varying  conditions  of  building-construction  have  been  taken  into  account 
aed  an  attempt  made  to  adapt  the  values  to  the  practical  conditions  usually 
goveming  sudi  construction.  Every  possible  precaution  has  been  taken  to 
pcevent  the  misapplication  of  rules  and  formulas  and  to  insure  absolute  safety 
without  undue  waste  of  materials. 

Tables.  Much  thought  and  labor  have  been  expended  on  the  preparation 
of  the  numerous  tables,  to  insure  their  accuracy  and  to  arrange  them  in  the 
most  convenient  form  for  use  by  architects  and  builders.  Many  of  these  tables 
woe  computed  by  the  authors  and  editors,  all  have  been  carefully  verified,  and 
it  is  believed  that  they  may  be  used  with  perfect  confidence.  In  all  cases,  un- 
less otherwise  noted,  they  give  the  same  values  that  would  be  obtained  by 
e^ng  the  formulas  specially  referred  to,  whil^  they  a£ford  a  great  saving  of 
time  and  labor  and  reduce  to  a  minimum  the  danger  of  errors,  in  making  the 
necessary  computations. 

Treatment  of  the  Subject.  Owing  to  the  nature  of  the  subjects  treated 
and  the  large  number  of  pages  required  to  include  them  all  in  one  book  of  refer- 
ence, some  forms  of  construction,  such  as  foundations,  masonry  and  fire-proof 
construction,  roof-trusses,  etc.,  are  treated  rather  briefly.  The  intention  is  to 
fOve  the  data  needed  for  immediate  use  rather  than  a  complete  discussion  of 
an  the  principles  involved.  Those  who  wish  a  more  complete  treatise  on  masons' 
work  in  general  are  referred  to  the  ninth  edition  of  Kidder's  Building-Con- 
traction and  Superintendence,  Part  I,  Masons'  Work.*  References  are  made 
in  the  different  chapters  to  various  other  books  and  periodicals  containing  more 
complete  information  on  some  of  the  subjects. 

*  TUs  has  been  recently  completely  rewritten,  by  Profcsaoc  Thomas  Nolan,  and  the 
dau  in  it  smplfmfftfs  the  matter  of  Kidder's  Pocket-Book. 
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2.  EzpUnation  of  the  Notation  or  Symbols  oaed  in  Part  II  * 

Besides  the  usual  mathematical  signs  and  characters  in  general  use,  the  fol- 
lowing abbreviations  and  symbob  are  frequently  used: 

A     area  of  cross-section;  also,  a  constant  used  in  Chapter  XVI  and  equal 
to  Ms  the  safe  unit  fiber-stress; 

a,b,Ct.,.  m,  etc.,  known  or  given  distances; 

b      breadth,  as  of  beams; 

C     coefficient  of  strength; 

c      normal  distance  from  neutral  axis  of  cross-section  of  beam  to  most 
distant  fiber  in  same; 

d      diameter,  as  of  rivets;  exterior  diameter;  depth,  as  of  beams; 

ii     interior  diameter; 

E     modulus  of  elasticity; 

Eg,  Ee    modulus  of  elasticity  for  concrete  and  sted  respectively  (as  in  re- 
inforced concrete); 

e      total  deformation  or  change  in  length,  as  in  a  bar; 

F     shearing-modulus  of  elasticity; 

f      maximum  deflection  for  a  beam; 

k      distance  between  parallel  axes  for  moments  of  inertia; 

/      moment  of  inertia  about  a  line; 

I/c  section-modulus  or  section-factor; 

/     polar  moment  of  inertia; 

/'     polar  moment  of  inertia  of  bolts  about  shaft-axis; 

K     total  elastic  resistance  of  a  bar;  resilience,  work;  also,  a  factor  or  con- 
stant used  in  formulas  for  reinforced  concrete; 

/      length;  span  of  a  beam; 

M    bending  moment; 

Afmax    maximum  bending  moment; 

Ml,  Mt   bending  moments  at  supports; 

Mr  or  SI/c   moment  of  resistance; 

n      number  of  loads,  spans,  etc.; 

P     external  force;  concentrated  load; 

Pu  Pit  Pi*  etc.,  concentrated  loads  on  beams; 

p     pitch  of  rivets;  eccentricity  of  load  on  column;   ratio  of  cross-section 
of  steel  to  cross-section  of  beam  (reinforced  concrete) ; 

f      radius  of  curvature;  radius;  radius  of  gyration;  ratio  of  £«  for  steel 
to  Ee  for  concrete  (reinforced  concrete); 

Rit  Ri,  R»,  etc.,  reactions  at  the  supports  of  a  beam; 

5     unit  stress,  with  subscripts  /,  c  and  s  for  unit  stress  in  tension,  com- 
pression and  shear,  respectively; 

Sb    buckling  resbtance  in  webs  of  steel  beams; 

Sh    horizontal  unit  shearing-stress  in  beams; 

S«    elastic  limit; 

Sf    modulus  of  rupture,  or  computed  flexural  strength; 

/i,  /s,  etc.,  thicknesses; 

V     vertical  shear; 

W    weight  of  a  bar  or  beam;  total  uniform  load  on  beam  (may  include 
weight  of  beam); 

vd    total  uniform  load  on  a  beam  (may  include  wei^t  of  beam) ; 

w     weight  of  a  cubic  unit  of  material;  uniform  load  on  beam«  per  lineai 
unit  of  length; 


*  See.  also,  page  3  of  Part  I. 
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X,  y,  M,  variable  distances; 

a,  0,  etc,  material  constants; 

^     constant  depending  upon  material; 

6      an  angle. 
Gre^  letters  are  used  generally  for  signs  of  operation,  for  abstract  numbers 
and  for  angles.    2  is  employed  as  a  ssrmbol  of  summation. 
The  following  are  the  Greek  letters  most  in  use: 


a  Alpha, 

0  Beta. 

c  Epsilon, 

ilEta, 

0  Theta, 

X  Lambda, 

mMu. 

p  Nu. 

T   Pi, 

pRho. 

<r  Sigma, 

r  Tau. 

^Phi, 

4^V^ 

(tf  Omega. 

Note.  In  a  few  places  in  the  book  it  has  been  considered  necessary  or  advis- 
able by  some  of  the  associate  editors  to  give  a  different  meaning  to  one  or 
more  of  the  above  symbols  or  to  introduce  different  symbols  for  the  meanings 
i^en  in  the  list,  but  in  all  such  cases  the  new  symbols  or  meanings  have  been 
very  deariy  indicated. 

The  term  breaixth  is  used  to  denote  the  horizontal  thickness  of  a  beam  or 
the  smaller  dimension  of  the  cross-section  of  a  rectangular  column,  post  or 
strut,  and  b  always  measured  in  inches  unless  expressly  stated  otherwise. 

The  term  depth  denotes  the  vertical  height  of  a  beam  or  girder,  and  b  always 
measured  in  inches  unless  expressly  stated  otherwise. 

The  term  length  denotes  the  distance  between  supports  and  is  always  meas- 
ured in  feet  unless  expressly  stated  otherwise. 

Abbreriations.  In  order  to  shorten  the  formulas,  the  tabulations  of  computa- 
tioiis»  etc.,  and  throughout  the  text  generally,  to  economize  space,  the  units  of 
measurement  are  generally  abbreviated.  For  example,  foot  and  feet  are  abbre- 
viated, ft;  inch  and  inches,  in;  pound  and  pounds,  lb;  square,  sq;  cubic,  cu; 
linear,  lin;  inch-pound  or  inch-pounds,  in-lb;  foot-pound  or  foot-pounds,  ft-lb; 
ounces,  ok;  horse-power,  h.p.;  ^lons,  gal;  etc.;  and  no  periods  are  placed  after 
these  abbreviations,  except  at  the  ends  of  sentences.  Where  the  word  ton  b 
used  in  this  volume,  it  always  means  the  net  ton  of  2  000  lb. 
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CHAPTER  I 

EXPLANATION   OF   TERMS  USED  IN  ABCHITBCTUBAL 
ENGINEEIIINO 

By 
THOMAS  NOLAN 

PROFESSOR  OV  ARCHIIECTURAL  CONSTRUCTION,   T7NIVERSITY  OF  PENNSYLVANIA 

1.  DefinitlonB  of  Some  of  the  Terms  Used  in  the  Mechanics  of 
Materials  * 

Terms  Used  in  Architectural  Engineering.  The  following  terms  fre- 
quently occur  in  discussions  of  the  principles  of  architectural  engineering  and 
an  understanding  of  their  meaning  is  essential. 

Mechanics  is  the  branch  of  physics  that  treats  of  the  phenomena  caused  by 
the  action  of  forces  on  material  bodies. 

Applied  Mechanics  treats  of  the  laws  of  mechanics  as  applied  ^o  construc- 
tion in  the  useful  arts,  as  in  beams,  trusses,  arches,  etc. 

Mechanics  of  Materials  treats  of  the  effects  of  forces  in  causing  changes 
in  the  size  and  shape  of  bodies. 

Rest  is  the  relation  that  exists  between  two  points  when  the  straight  line 
joining  them  does  not  change  in  length  or  direction.  A  body  is  at  rest  rel^vely 
to  a  point  when  any  point  in  the  body  is  at  rest  relatively  to  the  first>mentioned 
point. 

Motion  is  the  relation  that  exists  between  two  points  when  the  straight  line 
joining  them  changes  in  length  or  direction,  or  in  both.  A  body  moves  rela- 
tively to  a  point  when  any  point  in  the  body  moves  relatively  to  the  first-men- 
tioned point. 

Force  is  that  which  changes,  or  tends  to  change,  the  state  of  rest  or  motion 
of  the  body  acted  upon.  It  is  a  cause  regarding  the  essential  nature  of  which 
we  are  ignorant.  In  the  mechanics  of  materials  we  do  not  deal  with  the  nature 
of  forces,  but  only  with  the  laws  of  their  action. 

Equilibrium  is  that  condition  of  a  body  in  which  the  forces  acting  upon  it 
balance  or  neutralize  each  other;  or,  it  is  that  condition  of  a  force-system  in 
which  the  resultant  of  the  force-system  is  zero. 

Statics  is  the  branch  of  Mechanics  that  treats  of  the  conditions  of  equilibrium. 
It  is  divided  into: 

(t)  Statics  of  rigid  bodies. 

(2)  Statics  of  practically  incompressible  fluids. 

In  building-construction  we  have  to  deal  only  with  the  former. 

Structures  are  artificial  constructions  in  which  all  the  parts  are  intended  tc 
be  in  equilibrium  and  at  rest  relatively  t9  each  other,  as- in  the  case  of  a  brid^e^ 
truss  or  roof-truss.  They  consist  of  two  or  more  solid  bodies,  generally  called 
PIECES  or  MEUBERS,  which  are  connected  at  different  parts  of  their  surface: 
called  JOINTS. 

*  In  addition  to  the  terms  defined  here,  many  others  are  defined  in  the  chapters  o 
Part  n.  and  espcdaUy  in  Chapters  VI,  DC,  X.  XIV,  XV,  XVI,  XX  and  XXIV. 
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Ib  ceacfBl  there  are  three  cooditions  of  equilibrium  in  a  structure. 
( i)  The  cjctemal  forces  acting  upon  the  whole  structure  must  balance  each 
other.     These  forces  are: 

Ca)  The  weight  of  the  structure; 
ib)  The  loads  it  carries; 

U)  The  upward  supporting  forces,  reactions  or  resistances  under  or  around 
the  foundations. 

\2)  The  forces  acting  upon  each  piece  of  the  structure  must  balance  each 
ether.    These  forces  are,  for  each  piece: 
(<z)  The  weight  of  the  piece; 
ib)  The  loads  it  carries; 
U)  The  resistances  or  reactions  at  its  joint^. 
(3)  The  forces  acting  upon  each  of  the  parts  into  which  any  piece  may  be 
Supposed  to  be  divided  must  balance  each  other. 

The  Stability  of  a  Stroctnre  requires  the  fulfilment  of  conditions  (i)  and 
2),  that  is,  the  ability  of  the  structure  to  resbt  the  disflaceiient  of  any  of  its 

;jjts^ 

The'Stresgth  of  a  Pises  or  Member  consists  in  the  fulfilment  of  condi- 
>>Q  (3),  that  is,  the  abflity  of  a  piece  to  resist  breaking. 

The  Stiffness  of  a  Pises  or  Member  consists  in  the  ability  of  a  piece  to 

->:>ot  BElOnNC. 

The  Theory  of  Stnicturos  is  divided  into  two  parts: 

■  I)  That  which  treats  of  strength  and  stiflFness,  dealing  only  with  single 
ikca  and  generally  known  as  the  strength  or  materials  or  the  mechanics 
or  lUTERiALS,  before  defined. 

(2)  That  which  treats  of  sUhility,  dealing  with  the  structures  themselves. 

Stress  is  an  internal  force  that  resists  a  change  in  shape  or  size  caused  by 
eitcmal  forces.  When  the  applied  external  forces  reach  certain  btensities 
•^  mteraal  stresses  hold  them  in  equilibrium. 

The  Intensity  of  a  Stress  is  measured  by  the  unit  stress.  (See  Unit 
SutsB,)  The  intensity  or  the  stress  per  square  inch  on  any  normal  surface 
of  a  solid  is  the  total  stress  divided  by  the  area  of  the  section  in  square  inches. 
Thib,  if  a  bar  10  ft  long  and  2  in  square  has  a  load  of  8  000  lb  pulling  in  the 
<fir^<ction  of  its  length,  the  stress  on  any  normal  section  of  the  bar  is  8  000  lb; 
and  the  intensity  of  the  stress  per  square  inch  is  8  000  Ib/4  sq  in  «  2  000  lb  per 
iqtn. 

Defonnation.*  When  a  solid  body  b  acted  upon  by  an  external  force  an 
tltentkon  takes  place  in  the  volume  and  shape  of  the  body,  and  this  alteration 
y  called  the  deiormation.  In  the  case  of  the  bar  given  above,  the  deformation 
b  the  amount  that  the  bar  stretches  under  its  load. 

The  Ultimate  Strength  is  the  highest  unit  stress  a  piece  of  material  can 
tDstsin  and  it  is  the  unit  stress  at  or  just  before  rupture. 

The  Working  Unit  Stress  is  the  ultimate  stress  divided  by  the  factor  of 
safety. 

The  Ssfs  Load  Is  the  load  that  a  piece  can  support  without  exceeding  the 
working  unit  stresses. 

*  Ib  nechaaici  the  term  siRAnr  is  now  synonymous  with  the  term  deforvation.  On 
tcDwat  e(  the  tendency  to  conftise  the  terms  strain  and  stress  the  term  dkforuation, 
B  <ae4  to  denote  diange  in  shape  and  the  tarn  strain  is  omitted  in  all  disoissions  in  the 
VbdfltrBook. 
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The  Factor  of  Safety  *  of  a  piece  of  material  undeV  stress  is  the  n&tid 
the  ultimate  strength  of  the  material  to  the  actual  unit  stress  on  the  sectii 
area;  or  it  is  the  number  by  which  the  ultimate  unit  stress  must  be  divided 
give  the  working  unit  stress.    In  designing  a  piece  of  material  to  sustain  a  a 
tain  load,  it  is  required  that  it  shall  be  perfectly  safe  under  all  drcumstana 
and  hence  it  is  necessary  to  make  an  allowance  for  any  defects  in  the  materij 
workmanship,  etc.    It  is  obxaous,  that,  for  materials  of  different  compositia 
different  factors  of  safety  are  required.    Thus,  steel  being  more  homogcnooj 
than  wood  and  less  liable  to  defects,  does  not  require  as  high  a  factor  of  safeCj 
Again,  different  kinds  of  stresses  require  different  factors  of  safety.    Thus, 
long  wooden  column  or  strut  requires  a  higher  factor  of  safety  than  a  woodc 
beam.    As  the  factors  of  safety  thus  vary  for  different  kinds  of  stresses  an 
materials,  the  proper  factors  for  the  different  kinds  of  stresses  and  conditions  ai 
given  in  considering  the  resistance  of  the  various  materials  to  those  stress< 
under  varying  conditions. 

The  Unit  Stress  is  the  stress  on  a  unit  of  section*area,  and  is  usually  expresse 
in  pounds  per  square  inch.     (See  Intensity  of  Stress.) 

Dead  Loads  and  Live  Loads.  The  term  dead  load  means  a  k>ad  that  i 
applied  and  increased  gradually  and  that  finally  remains  constant,  such  as  th 
weight  of  a  structure  itself. 

The  term  live  load  means  a  load  that  is  applied  suddenly  and  causes  vibra 
tions,  such  as  a  train  traveling  over  a  railway  bridge.  It  has  been  found  b^ 
experience  that  the  effect  of  a  live  load  on  a  beam  or  other  piece  of  materia 
has  twice  the  destructive  tendency  of  a  dead  load  of  the  same  magnitude  oi 
intensity.  Hence  a  piece  of  material  dcs^igned  to  carry  a  live  load  should  hav< 
a  factor  of  safety  twice  as  large  as  one.  designed  to  carry  a  dead  load.  The 
load  due  to  a  crowd  of  people  walking  on  a  floor  is  usually  considered  to  produce 
an  effect  which  is  a  mean  between  that  of  a  dead  load  and  a  live  load,  and  a 
suitable  factor  of  siifcty  is  adopted  accordingly.  In  municipal  ordinances  and 
laws  relating  to  the  allowable  loads  for  floors,  the  loads  to  be  supported  by  the 
floors,  exclusive  of  their  inherent  construction  and  stationary  fixtures,  are  gen- 
erally referred  to  as  the  live  loads  no  matter  of  what  they  may  consist;  but 
the  term  does  not  have  the  exact  significance  given  to  it  by  many  engineers 
and  as  explained  in  the  paragraph  above. 

The  Modulus  of  Rupture  or  Computed  Flezural  Strength  is  the  value 
of  the  L^NiT  FIBER-STRESS  5,  Computed  from  the  flexure>fonnula  M  ■•  SI/c, 
when  a  beam  is  ruptured  under  a  transverse  load.  Its  value  is  intermediate 
between  the  ultimate  tensile  and  compressive  strengths  of  a  material. 

The  Elastic  Limit  is  that  unit  stress  at  which  the  deformation  of  a  piece  of 
material  begins  to  increase  in  a  faster  ratio  than  the  applied  loads.  It  is 
sometimes  called  the  elastic  strength. 

The  Modulus  of  Elasticity  or  Coefficient  of  Elasticity.  In  treatises 
on  physics  this  is  often  called  Young's  MODtai:s.  It  we  take  a  bar  of  any  elastic 
material,  say  one  inch  square,  of  any  length,  and  secured  at  one  end,  and  to  the 
other  apply  a  force,  say  a  certain  number  of  pounds  P,  pulling  in  the  direction 

*  The  XLASTTC  LDirrs  of  materials  must  be  considered  in  deciding  upon  woricing  unit 
strrsaes  and  in  forming  a  jud|;ment  of  the  security  of  materials  under  stress.  When  the 
elastic  limit  is  considered  the  actual  allowable  unit  stress  is  made  a  certain  percentage  of 
it,  as  js  or  50%,  according  to  varying  conditions.  Roth  ULrruATE  strengths  and  elas- 
tic LDfiTS  must  be  taken  into  account  in  practice.  But  the  use  of  the  factor  of  safety, 
as  determined  by  the  old  method,  is  still  a  great  help  in  the  study  and  applicati(m  of 
the  princiiiles  of  the  mechanics  of  materials,  and  is  used  frequently  in  the  Pockct*Book. 
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a  its  kn^th,  we  shall  find  by  careful  measurement  that  the  bar  has  been  stretdied 

or  ckmgatcd  by  the  action  of  the  force.     If  we  divide  the  total  elongatton  e, 

m  bcbes»  by  tbe  original  length  /  of  the  bar,  in  inches,  we  shall  have  e/l,  the 

i-sn  EL(»«3ATiON  c,  or  the  elongation  of  the  bar  per  unit  of  length;  and  if  we 

d^^idc  the  unit  stress  5,  developed  (that  is,  in  this  case,  the  external  force  P, 

dvnied  by  the  area  of  the  cross-section  A,  or  F/A)  by  this  ratio  we  shall  have 

wt^  is  known  as  the  modulus  or  elasticity,  E.     Expressed  in  symbols  and 

P/A 
by  equations,  E  —  5/c  -  -Ap.    Hence,  we  may  define  the  modulus  or  elas- 

T^cm  as  the  ratio  of  the  imit  stress  to  the  unit  deformation.  Another  definition 
K  the  force  which  would  elongate  a  bar  of  i  sq  in  in  cross-section  to  double  its 
c-iy'na]  length,  if  that  could  be  done  without  exceeding  the  elastic  limit 
f{  the  material.  This  is  evident  from  the  above  equation;  for  if  i4  «  i  and 
e-l,E  wiD  equal  P.  These  formulas  apply  only  when  the  unit  stress  S  or  P/A 
ii  less  than  the  elastic  ldctt  of  the  material,  c  is  an  abstract  number, 
heause  e  and  /  are  both  linear  quantities,  and  hence  E  is  expressed  in  the  same 
irit  as  5,  that  is,  in  pounds  per  square  inch. 

.^  an  example  of  one  method  of  determining  the  modulus  of  elasticity  of  any 
ruiefial  the  following  illustration  is  given: 

Ncppose  we  have  a  bar  of  wrought  iron,  2  in  square  and  lo  ft  long,  securely 
fi^Lencd  at  one  end,  and  to  the  other  end  we  apply  a  tensile  force  of  40  000  lb. 
T:s  force  causes  the  bar  to  stretch,  and  by  careful  measurement  we  find  the 
^/sf^Jasm  to  be  0.0414  in.  As  the  bar  is  zo  ft,  or  120  in  long,  if  we  divide 
,  c=4i4  by  120,  we  shall  have  the  elongation  of  the  bar  per  unit  of  length.  Per- 
Insit^  this  operation,  we  have  as  the  result,  0.00034  in*  As  the  bar  is  2  in 
«{aare,  the  area  of  cross-section  is  4  sq  in,  and  hence  the  stress  per  square  inch 
b  10  000  lb.  Dividing  10  000  by  0.00034,  we  have,  as  the  modulus  of  elas- 
T.  ttt  ctf  the  bar,  29  400  000  lb  per  sq  in.  This  is  the  method  generally  employed 
t^  d<:termine  the  modulus  of  elasticity  of  iron  ties;  but  E  can  also  be  deter- 
sJ^icd  from  the  deflection  of  beams,  and  it  b  in  that  way  that  its  values  for 
r*'t  woods  have  been  found.  The  modulus  of  elastidty  is  used  in  the  deter- 
itmtSoD  of  the  stiffness  of  beams. 

The  Moment  of  a  Force  with  respect  to  an  axis  is  the  product  obtained 

b-  multiplying  the  magnitude  of  the  force  by  the  shortest  distance  from  the 

isk  to  its  line  of  action.    The  shortest  distance  is  called  .the  lever-arm  of 

the  force.     The  moment  of  the  force  is  the  measure  of  the  tendency  of  the  force 

^.  cause  rotation  about  the  axis.    (See  Chapter  VI  and  IX.) 

Tbe  Center  of  Gravity  of  a  body  is  the  point  in  the  body  through  which 

'    tbe  resultant  of  the  forces  exerted  by  gravity  upon  all  the  particles  of  the 

\KAy  passes.    A  body  may  be  balanced  upon  a  point  placed  above  or  below 

t>e  center  of  gravity,  because  the  resultant  of-  any  nimiber  of  forces  may  be 

I    heid  in  equilibrium  by  an  equal  and  opposite  force.    Another  definition  of  the 

I   CUTTER  OF  GR.\vmr  of  a  body  or  bodies  is:  a  point  such  that  there  is  no  tend- 

E>rY  TO  rotation  about  any  axis  drawn  through  it.    (For  center  of  gravity 

iA  surfaces,  lines  and  solids,  see  Chapter  VI.) 

T.  CUnification  of  the  Principal  Stresses  Caused  in  Bodies  by 
External  Forces 


I  is  the  stress  that  resists  the  tendency  of  two  forces  acting  away  from 
each  other  to  pull  apart  two  adjoining  planes  of  a  body. 

Cemfresiion  is  the  stress  that  resists  the  tendency  of  two  forces  acting  toward 
each  other  to  PVSB  together  two  adjoining  planes  of  a  body.  ^  . 
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Shear  is  the  stress  that  resists  the  tendency  ol  two  equal  parallel  forces 
ing  in  opposite  directions  to  cause  two  adjoining  ptanea  of  a  body  to  slide 
on  the  other. 

Toraion  is  the  stress  that  resists  the  tendency  of  forces  to  twist  a  body. 

Combined  Stresses.    Parts  of  structures  are  often  acted  upon  by  sev  ' 
external  forces  which  develop  stresses  of  different  character,  such  as  combi 
flexure  and  compression,  flexure  and  tension,  flexure  and  torsion,  shear  and  a 
compression  or  tension,  torsion  and  compression,  etc 
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CHAPTER   n 

FOUNDATIONS 

By 
DANIEL  £.  MORAN 

KEICBES  OF  AXESICAN  SOCIETY  OF_CIVIL  CMdNSBSS 

1.  Deflnitioii  of  the  Word  and  Terms  Used 

Defioitioiis.  The  word  Foundation  is  derived  from  the  Latin  verb  tundasx 
nvanJTXg  to  establish  or  lay  the  base,  bottom,  keel  or  foundatioa  of  anything. 
The  English  word  is  used  in  the  broadest  possible  way  to  describe  the  base, 
phyacal  or  otherwise,  on  which  anything  is  supported,  and  in  technical  language 
it  may  be  used  to  describe  any  part  of  a  structure  on  which  a  subsequent  oper- 
ati<3n  or  construction  is  superimposed.  Thus  a  plaster  wail  may  be  called  the 
fouKDATSOs  for  a  fabric  to  be  stretched  thereon  and  the  fabric  in  turn  becomes 
the  TOCKDATXON  for  various  coats  of  paint  or  other  decorations.  More  spedfi- 
<j^y  and  in  relation  to  a  building  or  other  complete  structure  the  word  founda* 
TViS  is  unfortunately  applied  indiscriminately  (i)  to  construction  below  grades 
Sdch  as  footing  courses,  cellar  walls,  etc.,  forming  the  lower  section  of  the  struc- 
ture: (2)  to  the  natural  material,  the  particular  part  of  the  earth's  surface  on 
•kich  the  construction  rests;  and  (3)  to  special  construction  such  as  piling  or 
pifers  used  to  transmit  the  loads  of  the  building  to  firm  substrata.  In  view  of 
ih&  indefinite  meaning  of  the  word  it  b  ad>asable  to  use  it  either  to  distinguish 
w^rk  below  grade,  or  below  the  tier  of  beams  nearest  to  grade,  from  work  above 
gn.de.  In  even  a  still  more  restricted  sense,  it  might  include  only  the  work 
bdow  the  cellar  or  basement-floor  to  rock  or  other  solid  foundation-bed. 
S«c  Chapter  11,  Subdivision  29,  Chapter  m,  Subdivision  2,  and  Water- 
proofins  ^  Foundations^  Part  III.) 

The  Fotiadslion-Bed.  The  natural  material  on  which  the  constructioa 
tests  is  called  the  foumdation-beo.  Wails,  piers  and  columns  below  grade 
arc  called,  in  general,  foundation  walls,  vtebs  and  columns  to  disthiguish 
them  fron  similar  constroction  above  grade  and  occasionally  those  only 
bdow  the  basement-floor  are  so  called;  the  lower  portions  of  walk,  piers  or 
CLiiinnns  which  are  spread  to  provide  a  safe  base  will  be  called  roonno  couksbs. 

2.  General  Requiremenls 

The  Ohject  of  Fonndatioiis.  The  object  to  be  bene  In  nuad  in  designing 
any  foundation  is  to  provide  a  safe  and  permanent  base  for  the  supecstructure 
mch  that  the  movement  of  the  base  and  of  the  superimposed  structure  shall  be 
the  least  possible  and  shall  result  in  the  least  possible  (^mage  to  the  structuce« 
To  fuUy  meet  the  above  requirements  the  design  and  construction  should  ful- 
fil the  following  conditions: 

(i)  The  Materials  of  Coastnictioa  should  be  proof  against  all  deteriorating 
influences^  or,  if  any  of  the  materials  are  liable  to  deterioration  they  should  be 
pennanently  protected. 

Cs)  Screases  sad  Future  Ghaagas.  No  part  of  the  &>undatioa>stnjctiire 
^tiM,  under  any  combination  of  loadings,  be  stressed  beyond  safe  limits*  and 
the  poGiibility  of  future  additions  or  changes  in  the  superstructure,  or  of  a  change 
ia  the  use  of  the  building,  should  h^  kept  in  nund. 
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(3)  The  Load  on  fhe  Natural  Bed  should  be  kept  within  the  safe  limit  for  such 
material,  under  the  worst  conditions  to  which  it  may  be  exposed.  In  fixing 
this  limit  the  amount  of  settlement  allowable  will  in  many  cases  determine  the 
limit  rather  than  the  safe  ultimate  bearing  capacity. 

(4)  Adjoininc  Bxcavatkms.  The  possible  danger  to  the  structure  or  to  the 
stability  of  the  foundation>bed  from  adjoining  excavations  or  other  disturbing 
causes  should  be  guarded  against  as  far  as  possible. 

Physical  Conditions  of  the  Site.  In  order  to  meet  the  above  requirements, 
the  design  should  be  suited  to  the  physical  conditions  existing  at  the  location. 
The  architect  or  engineer  should  personally  examine  the  site.  He  should  secure 
all  available  information  relative  thereto  and,  if  necessary,  should  make  borings 
and  tests  so  as  to  secure  reliable  information  on  which  to  base  his  design  for  the 
foundation.  The  first  step  is,  therefore,  a  detailed  and  exhaustive  study  of  the 
site  to  determine  the  characteristics  of  the  foundation-bed  on  which  the  struc- 
ture is  to  rest. 

S.  Geological  Considerations 

Character  of  the  Foundation-Bed.  A  knowledge  of  geology  is  of  material 
assistance  in  many  cases  in  making  a  proper  estimate  of  the  character  of  the 
foundation-bed.  While  it  is  not  proposed  in  the  limits  of  this  chapter  to  go  into 
any  general  geological  discussion  the  following  notes  may  be  of  value  in  assisting 
the  architect  to  determine  whether  any  given  deposits  can  be  relied  upon  as 
affording  a  stable  foundation-bed.  Broadly  speaking,  as  the  location  of  the 
building  may  be  in  any  part  of  the  world,  so  the  materials  encountered  may 
belong  to  any  one  of  the  many  geological  formations  forming  the  surface  of  the 
earth.  For  practical  purposes,  hoVever,  the  materials  met  with  are  roughly 
divided  into  rock,  or  materials  other  than  rock,  roughly  defined  as  earth. 

4.  Composition  and  Classification  of  Rocks 

Composition  of  Rocks.  Rocks,  and  the  earthy  deposits  derived  from  rocks, 
are  composed  of  various  minerals  of  which  many  hundred  kinds  are  known, 
each  varying  from  the  others  in  some  particular  of  chemical  composition,  form 
of  crystallization  or  other  characteristic.  A  rock  or  an  earthy  deposit  may  con- 
sist almost  entirely  of  a  single  mineral,  but  it  is  usually  composed  of  several 
distinct  minerals  or  of  mixtures  of  minerals.  The  principal  classes  of  rock- 
forming  minerals  are: 

(X)  The  Silica  Minerals,  composed  of  silica  (SiOx)  in  different  forms; 

(a)  Silicates  or  combinations  of  silica,  with  various  metallic  bases; 

(3)  Calcareous  Mhierals  composed  of  caldte  or  carbonate  of  lime  (CaCOa) 
and  its  combinations. 

(x)  Silica  Minersls  are  different  forms  of  the  oxide  of  silicon,  known  as 
SiucA.    In  the  crystalline  state  silica  is  known  as 

Quarts.  This  b  the  most  abundant  of  all  minerals.  Owing  to  its  hardness 
and  insolubility  it  resists  decomposition  and  abrasion  better  than  the  minerals 
with  which  it  is  associated  and  grains  of  it  form  the  principal  constituent  of 
sandy  deposits.  In  finely  comminuted  particles  it  forms  a  part  of  most  of  the 
days. 

Flint,  Chert,  Agate,  etc.,  are  non-crystalline  varieties  of  silica.  Shjca  also 
forms  the  cementing  material  in  many  sandstones  and  other  rocks. 

(a)  Sificates  or  combinations  of  silica  with  various  bases  are  second  in  im- 
portance only  to  quartz. 
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ir,  an  important  constituent  of  gnnlte  and  other  igneous  rodcs,  is  a 
^icate  of  alamina  with  potash,  soda  or  lime.  When  exposed  to  the  action  of 
nttf  it  slowly  decomposes,  forming  silicate  of  alumina,  the  base  of  day.  The 
i^eoompositioa  of  granite  results  in  the  formation  of  clay  and  crsrstals  of  quartz 
i2d  mica.  The  mica  is  very  slowly  affected  and  the  quartz  b  practically  un- 
ciaoged. 

Mica.  The  various  mica  minerals  are  silicates  of  alumina,  with  potash  and 
-taer  constituents.  All  varieties  are  soft  and  split  into  thin  elastic  plates. 
bmafl  particles  of  mica  are  frequently  found  in  sand. 

HmUmd*  and  Aogtte  are  sficates  of  lime,  magnesia,  iron  and  alumina  and 
iit  of  frequent  occurrence. 

CUacitc.  Talc  and  Soapstone  Travertine  are  hydrated  silicates  formed  from 
otbtf  silicates  by  a  chemical  change  in  which  a  certain  amount  of  water  is 
iiisorbed.  These  minerals  are  soft  and  have  a  soafy  feel.  Special  care  should 
be  taken  in  building  foundations  on  rock  of  this  character  to  guard  against  any 
Lading  on  the  foundation-bed  or  between  parts  of  the  foundation-bed. 

(3)  Calcareont  Minerals.  The  following  are  the  principal  calcareous  miner- 
lis: 

Caldtc  (CaCOt),  carbonate  of  Hme,  when  pure  and  crystallized;  is  known  as 
IcEiAND  Spak.  It  is  soluble  in  water  contaiidng  COi.  Caldte  in  varying  de- 
pets  of  purity  forms  limestone  and  marbles.  As  a  result  of  its  solubility 
avecns  and  voids  are  frequently  found  in  limestone. 

TK)lnniif<»  b  a  carbonate  of  lime  and  magne»a.  It  forms  the  so-called  Bolo- 
UTic  LmssiOMES,  which  are  less  soluble  than  the  caldte  limestone. 

Sdcmte.  Lypanm,  Alabaster,  Anhydrite,  Axagonite  and  Apatite  are  other  and 
k»  important  lime-minerals. 

CUsdllcation  of  Rocks.  Rocks  are  classified  not  only  according  to  the 
c-isexals  of  which  they  are  composed,  but  also  according  to  the  way  in  which 
tbey  have  been  formed,  as: 

(i)  Igneous  Hocks,  which  have  solidified  from  a  molten  condition; 

(3)  Sadmnentaxy  Rocks,  which  have  been  formed  under  water  by  mechani- 
cal pressure  or  by  cementation  due  to  chemical  or  organic  proceesses; 

(3)  Mctaniorpliic  or  Plutonic  Rocks,  which  have  changed  from  thdr  original 
chancter  as  igneous  or  sedimentary  rocks. 

fi)  Isnoons  or  Plutonic  Rocks  are  not  truly  stratified.  They  may  be 
j:i2r.u]ar,  crystalline  or  glassy  in  texture.  Granite,  syenite,  basalt,  trap,  etc., 
arc  examples.  Lava,  pumice  and  obsidian  are  volcanic  products,  as  are  also 
certain  deposits  of  mud  and  ash.  With  the  exception  of  volcanic  ash  and  mud, 
the  igneous  rocks  are  enduring  and  are  not  liable  to  present  any  unforeseen  weak- 
ce^  as  foundation-beds. 

(2)  Sedimentary  Rocks  are  composed  of  sand,  day  and  other  materials 
rcsultiniC  from  the  breaking  down  of  the  original  igneous  rocks.  These  materials 
««Te  deposited  in  horizontal  beds  generally  by  settling  from  water,  and  the  con- 
solidation into  rock  was  generally  affected  imder  water  by  chemical,  mechanical 
or  on^mic  action.  The  resultant  rock-masses  are  stratified  as  a  result  of  thdr 
cocstitoent  xnateriak  having  been  deposited  in  layers.  As  sand  and  day  are 
the  most  abundant  products  of  rodc-decomposition,  so  the  sedimentary  rocks 
ire  most  frequently  siuceous  (sandy)  or  argillaceous  (clayey). 

g>»Miy*Mit^  js  composed  of  grains  of  sand  cemented  together  by  silica,  oxides 
of  inn,  or  carbonate  of  Hme.    The  duraj^ility  of  sandstone  depends^on  the  solur 
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failHy  of  the  cementing  material.  Carbonate  of  lime  beini;  soluble,  sandstones 
oontaining  it  as  cementing  material  yield  to  the  weather  and  are  not  as  reliable 
as  sandstones  having  silica  or  iron  oxide  as  cementing  material. 

Argfllaeeous  Rocks  contain  day  with  fine  sand,  mud,  etc.,  and  while  shale  and 
some  other  varieties  are  compact  and  hard  when  first  uncovered,  they  are  liable 
to  deterioration  when  exposed  to  frost,  water  and  other  disintegrating  agencies. 

limMtone  is  composed  more  or  less  of  carbonate  of  lime  derived  from  the 
calcareous  skeletons  of  marine  animal  and  vegetable  organisms.  The  char- 
acter of  limestone  varies  greatly.  In  so-called  fossiliferous  lxmestonbs, 
fossils  of  shells  or  corals  indicate  clearly  its  origin,  but  in  other  Kmcstones  there 
are  no  fossils  or  other  indications  of  the  organic  origin  of  the  calcareous  material. 
Admixtures  of  sand,  clay,  or  other  impurities  may  make  it  difficult  to  distinguish 
certain  limestones  from  sandstones  or  shales. 

DoloiBite  is  a  limestone  containing  a  high  percentage  of  magnesia. 

Hydnudic  Umastotte  is  a  limestone  containing  clay. 

Chalk  is  a  soft  limestone  composed  of  the  fine  shells  of  minute  marine  organ- 
Isms.  In  general*  the  purer  the  limestone  the  more  sohible  it  is  and  the  greater 
the  danger  from  fissures  or  caverns  due  to  the  action  of  water. 

(a)  Metamori^c  or  Plutonic  Rocks  are  rocks  which  have  been  fonned 
from  sedimentary  or  igneous  rocks  by  heat,  compression,  or  moisture,  acting 
alone  or  in  combination.  Thus  by  heat  from  a  nearby  intrusion  of  molten  rock» 
limestone  is  changed  into  a  crystalline  marble.  The  general  effect  of  meta- 
MORFHiSM  is  to  produce  a  hard  or  durable  rock. 

Quaxtzite,  a  metamorphosed  sandstone,  is  a  crystalline  rock  of  great  hardness 
and  durability. 

Slate  is  a  hard  dense  rock,  sometimes  with  a  well-defined  tendency  to  split  into 
thin  plates.  It  has  been  formed  by  metamorphic  actiou  from  clayey  shales  and 
is  generally  durable,  but  liable  to  slide  along  planes  which  are  sometimes  par- 
allel to  the  cleavage,  or  along  seams  which  are  not  parallel  to  the  cleavage. 

Gneiss  is  a  "laminated  metamorphic  rock  that  usually  corresponds  miner- 
alogically  to  some  one  of  the  plutonic  tyixis. "  *  There  are  many  varieties,  best 
classified  in  accordance  with  the  igneous  rocks  to  which  they  most  nearly  corre- 
spond in  composition.  Some  varieties  resemble  granite,  but  the  laminated  or 
striped  aspect  is  generally  characteristic  They  are  generally  compact  and 
durable. 

Scbitta  are  similar  to  gneiss  but  are  more  finely  foliated  or  striped.  In  mcA- 
SCHIST  there  are  layers  or  foliations  composed  of  fine  grains  or  plates  of  mica. 
Mka-schists  are  liable  to  decomposition  and  it  frequently  happens  that  excava- 
tions  have  to  be  carried  to  great  depths  through  decomposed  rock  of  this  char- 
acter  before  solid  rock  is  encounter^.  The  material  resulting  from  the  decom- 
position of  this  rock  contains  fine  grains  of  mica  and  other  fine  material  and» 
when  wet,  acts  as  qmcKSAND. 

Rock  as  a  Foundation.  All  rock,  if  sound  and  not  liable  to  slippage,  is 
proverbially* a  solid  foundation  and  capable  of  supporting  any  weight  which  a 
building  is  likely  to  impose  on  it.  Care  should  be  taken  that  rock  liable  to 
disintegration  is  protected  from  the  weather,  water-action,  or  other  disintegrat- 
iog  influences. 

5.  Gootogy  of  Earthy  Matarial 

Earth  and  8oiL  Materiab  other  than  rock,  resulting  from  the  disintegra- 
tion of  rock-masses^  are  broadly  classed  as  eaixb.    The  word  soil,  when  iMed 
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to  ^r4gnmt(n  any  earthy  fiiatetlal  hot  rodt,  h  a  monomer,  in  that  the  idea  of 
nrnuTV,  or  the  lack  of  it,  »  convered  when  the  word  soil  h  used. 

The  agencies  pfodudng  the  disintegration  of  the  rock  masses  which  form  or 
underlie  the  entire  surface  of  the  earth,  are  various,  but  for  the  purpose  of  this 
daptcr  they  may  be  defined  as  (x)  chemical  and  (2)  mechanical. 

(x)  Chmnfral  Afencies.  By  chemical  acttoK  or  DECOMPOSITION,  a  rock- 
mas  of  great  strength  and  hudness  and  of  complicated  niineralogical  structure 
day  disintegrate  into  a  noncoherent  mass  of  dementary  minerals.  Thus  a 
uldspatfaic  granite  under  the  combined  action  of  water  and  vaiying  temperature 
disintegrates^  the  crystals  of  fekispar  changing  chemically  and  forming  the 
faydrated  silicate  of  aluminum  known  as.  clay,  while  the  ciystals  of  quartz, 
mica  or  hornblende,  being  more  resistant  to  chemical  action,  retain  their  chem-* 
ical  identity  but  become  detached  partides  of  sand. 

(a)  Mechanical  Agencies.  By  the  mechanical  ACBNCiSfl^  such  as  the  action 
of  frost,  nx>ving  water  or  ice^  fragments  of  rock  are  detached  from  the  ledge  of 
vbkh  they  originally  formed  part  and  are  subsequently  transported,  by  the 
action  of  glacxers  or  streams,  or  by  the  wave-action  in  bodies  of  water.  The 
attrition  between  the  materiab  thus  roughly  thrown  about  breaks  up  the  rock- 
misses  into  smaller  and  smaller  pieces  without  altering  the  composition  of  the 
.'«<k-material. 

Flovinc  Water.  As  flowing  water  more  readily  transports  small  partidei 
than  large  ones,  the  larger  pieces  of  rock  move  intermittently  during  periods  of 
stumi  or  flood  and  are  deposited  as  soon  as  the  velocity  of  the  water  falls;  while 
tbc  smaller  particles  are  held  in  suspension  longer  and,  as  the  velocity  of  the 
i^-Tc&m  falls,  are  deposited  in  the  order  of  their  size,  the  largest  first.  The 
npid  Upper  courses  of  streams  and  rivers  in  mountainous  regions  constantly  roll 
zed  griiid  together  the  materials  in  their  rocky  beds,  the  heavy  masses  being 
cLoved  slowly.  The  attrition  between  the  fragments  forms  GaA\'£L  and  sand 
which  are  washed  down  stream  to  be  deposited,  as  the  current  slackens,  first  as 
STDS  or  csavel,  then  as  sand-bars,  and  finally,  in  the  slow-moving  lower 
iiAcls,  as  BEZ»  OF  SILT  and  alluvium. 

Gladers  and  Glacial  Beposita.  The  action  of  glaciers  is  similar  to  the  ac- 
t:Dn  of  streams.  Glacial  deposits,  the  so-called  glacial  drifts,  are  composed 
r  f  sand,  clay,  gravel  and  boulders  but,  in  general,  there  is  a  noticeable  differ- 
e:.ce  between  glacial  deposits  and  deposits  made  by  rivers  or  streams.  In  gladal 
depoats  the  boulders  frequently  exhibit  groovings  or  scratches  on  their  faces 
&nd  the  edges  and  surfaces  of  the  boulders  are  generally  sharp,  so  that  a 
bx>ulder  may  appear  as  if  it  had  been  recently  fractured.  They  rarely  exhibit 
the  smooth,  water-worn  and  rounded  surfaces  found  on  boulders  formed  by 
vater-action.  Moreover,  the  glacial  boulders  may  be  found  singly,  or  unas- 
sGdated  with  other  boulders  in  a  deposit  of  sand  or  gravel.  The  deposit  differs 
from  a  rxver-deposit  in  that  there  is]no  classification  as  to  size;  the  boulders  may 
occur  on  the  surface  or  may  be  disseminated  as  if  by  acddent  through  the  sand 
and  gravel  forming  the  body  of  the  deposit.  Such  glacial  deposits  partake  of 
the  dsaracter  of  a  rough  artificial  fill  without  the  stratification  or  classification 
as  to  size  which  is  characteristic  of  river-deposits.  In  glacial  moraines  or  dump- 
ing grounds  it  not  infrequently  happens  that  the  surface-water  finds  underground 
pasages  forming  so-called  sink-holes.  A  line  of  gladal  deposits  extends  across 
the  continent  of  North  America  from  Long  Island  westward.  The  southern 
fifflita  can  be  detennined  by  reference  to  geological  maps. 

Glacia]  and  RiTer-Deposita  IMgtingtilShed.  It  is  important  to  (Mstinguish 
between  clackal  and  KvZR^tmPOsns,  because,  while  the  occurrence  of  gladal 
bonUers  gives»  in  general,  little  or  no  mformation  as  to  the  chanigter  and  valud 
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of  the  surrounding  deposits,  the  occurrence  of  bouldera,  on  the  other  hand,  in 
river-deposits  is  generally  an  indication  that  the  bed  of  which  they  form  a  part 
has  been  thoroughly  consolidated  as  a  result  of  the  river-action  which  formed  it; 
and,  also,  because  such  deports  generally  extend  down  to  rock  or  to  some  coni> 
pact  material  which  at  the  time  the  deposit  was  made  was  capable  of  resisting 
the  action  of  rapidly  flowing  water. 

Wave-Action  on  Laket  and  Along  Coast-Lines  is  constantly  working  on 
the  materiab  composing  the  beach.  Rock-masses  are  broken  away  from  cliffs 
and  ground  together,  producing  boulders,  gravel  and  sand.  The  sand,  being 
carried  more  readily  by  the  tidal  currents,  is  deposited  in  the  more  sheltered  loca- 
tions and  forms  beaches,  while  the  larger  rock-masses  remain  near  the  ptoint 
of  origin  in  baxs  and  reets. 

Beds  of  Sand,  Gravel  and  Boulders  deposited  by  the  action  of  waves  on 
the  SHOKES  OF  SEAS  OR  LAKES  are  not  necessarily  constant  in  character  and  tests 
should  be  made  to  determine  the  character  of  the  material  underlying  such 
BEACH-FORiCATiONS.  In  large  river-valleys  where  the  general  formation  is 
composed  of  silt  or  other  fine  material  little  reliance  should  be  placed  on  the 
occurrence  of  beds  of  gravel,  even  if  such  beds  extend  over  large  areas.  Tests 
should  be  made  to  determine  that  such  beds  are  not  underlain  by  less  trust- 
worthy materials. .  Where  tributary  streams  discharge  into  large  valleys  they 
may  deposit  bars  of  sand,  gravel  and  boulders  on  top  of  the  silt,  peat,  or 
other  materials  formerly  deposited  by  the  main  river.  (See  page  136.)  The 
general  topographical  conditions  should  serve  as  an  indication  of  danger  in  such 
cases. 

Resolts  of  Chemical  and  Mechanical  Action.  As  a  result  of  the  fore- 
going brief  description  of  the  agencies  at  work  it  may  be  seen  that  ice,  wave 
and  STREAM-ACTION  alike  tend  to  disrupt  rock-masses  and  to  produce  boulders, 
gravel,  sand  and  finer  materials.  The  ultimate  result  of  the  combination  of 
chemical  action  and  mechanical  action  is  to  reduce  the  hardest  rocks  to  the 
finest  sand,  the  most  impalpable  clays,  silts  and  muds;  and  the  action  of  wind, 
WAVE  and  moving  water  is  to  classify  such  materials  in  deposits  of  grains  of 
uniform  size. 

C  Materials  Composing  Foundation-Beds 

Classification  and  Definitions.  The  following  list  includes  the  materiab 
which  are  most  frequently  encountered,  with  their  definitions. 

Rock  (solid  rock,  bed-rock,  or  ledge).  Undisturbed  rock-masses  forming  an 
undisturbed  part  of  the  original  rock-formation. 

Decayed  Rock  (rotten  rock).  Sand,  days  and  other  materials  resulting 
from  the  disintegration  of  rock-masses,  lacking  the  coherent  qualities  but 
occupying  the  space  formerly  occupied  by  the  original  rock. 

Loose  Rock.  Rock-masses  detached  from  the  ledge  of  which  they  originally 
formed  a  part. 

Boulders.  Detached  rock-masses  larger  than  gravel,  generally  rounded  and 
worn  as  a  result  of  having  been  transported  by  water  or  ice  a  considerable  dis- 
tance from  the  ledges  of  which  they  originally  formed  a  part. 

Gravel.  Detached  rock-particles,  generally  water-worn,  rounded  and  inter- 
mediate in  size  between  sand-particles  and  boulders. 

Sand.  Non-ooherent  rock-particles  smaller  than  V4  in  in  mRTimum  dimen- 
sion. 
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Clij.  The  material  resulting  from  the  decomposition  and  hydration  of  feld- 
spathic  EDcksy  being  hydrated  silicate  of  alumina,  generally  mixed  with  powdered 
feldspar,  quartz  and  other  materals. 

Hard-IHui.  Any  strongly  coherent  mixture  of  clay  or  other  cementing 
material  with  sand,  gravel,  or  boulders. 

Silt    A  finely  divided  earthy  material  deposited  from  nmning  water. 

Mad.  Finely  divided  earthy  material  generally  containing  vegetable  matter 
aad  deposited  from  still  or  slowly  moving  water. 

Dirt.    Loosely  used  to  describe  any  earthy  material. 

Soil.  Earthy  material  capable  of  supporting  vegetable  life  and  generally 
Smited  to  material  containing  decayed  vegetable  or  animal  matter. 

Mould.  Earthy  material  containing  a  large  proportion  of  humus  or  vegetable 
xitter. 

Loam.    Earthy  material  containing  a  proportion  of  v^^table  matter. 

Peat.    Compressed  and  partially  carbonized  vegetable  matter. 

7.   Characteristics  of  the  Materials  of  Foundation-Beds 

Solid  Rock,  or,  as  it  is  locally  known,  bed-rock,  or  ledge,  is  proverbially 
^  solid  foundation.  The  harder  rocks,  such  as  granite,  trap,  slate,  sandstone, 
ijrwestone,  etc,  are  aU  capable  of  carrying  the  load  of  any  ordinary  structure. 
Tte  softer  rocks,  among  which  may  be  classed  the  shales,  shaley  slates  and 
certain  marley  limestones  and  clay  stones,  should  not  be  loaded  with  more  than 
15  tons  per  sq  ft  unless  they  are  tested  for  greater  loads.  In  all  cases  where 
^3undations  are  to  be  placed  on  what  is  supposed  to  be  solid  rock,  care  should  be 
*2ken  to  determine  whether  or  not  the  supposed  solid  consists  of  a  detached 
portioa  and,  also,  in  case  the  bedding-planes  of  the  rock  are  inclined,  if  there  is 
'linger  from  a  sKp  of  the  layer  forming  the  foundation-bed.  (See  pages  139  and 
146  as  to  side-slope  locations.) 

Decayed  Rock.  Certain  igneous  or  metamorphic  rocks  such  as  granites, 
fzetsaes,  etc,  frequently  disintegrate,  forming  so-called  rotten  rock  or  decayed 
»ocK.  The  decayed  rock  b  generally  found  in  conformity  with  the  ledge  of 
Thich  it  originally  formed  a  part.  It  may  retain  the  stratification,  color  and 
Li^rkines  of  the  solid  rock,  but  as  a  result  of  the  disintegrating  effect  of  water 
of  other  agents,  it  has  lost  the  solid  character  of  the  origiiud  rock.  When 
^'^uck  with  a  hammer  it  does  not  give  the  characteristic  ringing  soimd  of  solid 
rxJc.  It  may  be  fairly  compact  and  hard,  or  so  soft  as  to  be  readily  excavated 
with  pick  and  shovel.  The  amount  of  such  disintegrated  rock  overlying  the 
^3 lid  rock  varies  greatly;  in  some  cases  the  removal  of  a  few  inches  will  disclose 
the  sofid  rock,  in  other  cases  the  layer  of  decayed  rock  may  be  many  feet  in  thick- 
ness. Test-borings  in  rotten  rock  give  samples  similar  to  the  samples  from  solid 
n^k;  so  that  it  frequently  happens  that  while  the  foimdations  are  plarmed  for 
••^^Sd  rock  the  excavations  disclose  a  thick  layer  of  rotten  rock.  In  such  cases, 
ii  it  is  impracticable  to  carry  the  footings  down  to  solid  rock,  it  may  be  necessary 
to  increase  the  size  of  the  footings  or  to  adopt  some  other  expedient. 

Loose  Rock.  Where  a  rock-mass  detached  from  the  ledge  of  which  it  orig- 
inally formed  a  part  is  encountered  it  must  not  be  loaded  in  excess  of  the  safe 
capacity  of  the  material  by  which  it  is  surrounded.  If  the  voids  between  ad- 
joining pieces  of  loose  rock  are  completely  filled  in  with  hard-pan,  compact 
gravd.  sand,  or  clay,  the  loading  may  be  the  same  as  for  the  filling-in  material, 
but  care  should  be  taken  to  determine  that  no  voids  exist.  In  natural  rock- 
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fills,  u  in  artifid&I  rock-filb,  it  may  liappen  that  larise  voids  exist  between  th* 
rock-niAsses,  forming  passageways  for  streams  of  water,  in  which  case  there  i 
extreme  danger  of  settlements. 

Boulders,  Oravel  and  Sand.  Boulders  are  rock-masses  which  have  bcci 
transported  by  water  or  ice-action.  Boulders  are  sometimes  found  disscmin 
ated  through  sand  and  day  and  in  such  cases  the  load  should  be  limited  by  thi 
safe  load  of  the  material  in  which  they  are  found.  At  other  times  boulders  an 
found  in  beds,  packed  closely  together,  with  the  interstices  filled  in  with  ip-avel 
sand,  or  clay.  In  such  cases  it  is  usually  safe  to  assume  that  no  further  con 
solidation  of  the  mass  is  likely  to  take  place.  If  the  bed  of  boulders  extends  tc 
rock,  th^  will  safely  sustain  any  load  which  will  not  crush  them. 

Gravel.  The  name  gravel  is  given  to  rock-particles  larger  than  sand  anc 
smaller  than  the  rock-masses  known  as  boulders.  If  compact,  and  if  nc 
underlying  bed  of  poorer  material  exists,  gravel  forms  a  most  desirable  founda- 
tion-bed, equal  to  sand  or  boulders  in  supporting  power  and  not  as  liable  tc 
be  disturbed  by  adjoining  excavations  or- pumping  operations.  If  cemented 
it  may  partake  of  the  quality  of  hard-pan  or  rock.  Care,  however,  should  be 
taken  to  determine  whether  or  not  the  bed  of  gravel  has  been  deposited  over  a 
layer  of  silt  or  quicksand.  It  b  possible  for  this  dangerous  condition  to  exist. 
(Sec  page  134.) 

Sand.  Sand  is  composed  of  comminuted  rock-material.  As  quartz  is  the 
most  abundant  rock-mineral  and  as  its  hardness  and  insolubility  make  it  highly 
resistant  to  disintegrating  action,  it  will  be  found  to  be  the  principal  constituent 
of  most  deposits  of  sand  or  sandy  material.  Grains  of  mica,  feldspar,  garnet 
and  other  minerals  are  frequently  found.  Sand  is  described  as  being  FfNC, 
iffiDiTTH,  or  COARSE,  according  to  the  siee  of  the  grains  of  which  it  is  composed. 

Coarse  Sand  may-  contain  particles  of  gravel,  but  after  eliminating  all 
particles  which  will  not  pass  a  screen  with  4  meshes  to  the  inch  it  will  be  found 
that  a  large  proportion  of  the  remaining  material  is  too  coarse  to  pass  a  40-me.sh 
sieve. 

Fine  Sand,  on  the  other  hand,  may  contain  no  particles  which  will  not  pass* 
a  3o-mesh  sieve,  and  a  considerable  proportion  which  will  pass  a  loo-mesh  sieve. 

Very  Fine  Sand  is  frequently  mistaken  for  clay  and,  indeed,  generally  does 
contain  some  clay,  as  clay  generally  contains  fine  sand. 

Uniform  Sand  is  sand  in  which  there  is  relatively  a  small  variation  in  the 
Bize  of  the  particles. 

Balanced  Sand  is  sand  in  which  the  size  of  the  particles  varies  from  largo  to 
small  and  in  which  there  is  no  great  difference  in  the  numbers  of  particlea  of 
each  size. 

Clean  Sand  contains  no  clay  or  loam,  but  a  pure  sand  containing  a  large  per- 
centage of  fine  particles  is  often  considered  to  be  not  clean. 

Sharp  Sand  is  dean  sand  containing  coarse,  angular  grains.  When  firmly 
grasped  in  the  hand  it  gives  a  note,  due  to  the  partides  slipping  over  each  other. 
Sharp  sand  is  generally  esteemed  for  use  in  mortar,  although  it  requires  more 
cement  to  fill  the  voids  and,  in  the  writer's  opinion,  is  not  as  desirable  as  a  dean, 
rounded  sand. 

Rottnded  or  Buckshot  Sand  is  composed  of  rotmded  grains  not  cemented 
together. 

Quicksand.  This  term  is  popularly  used  to  describe  any  fine  sand,  or  mix- 
ture of  fine  sand  and  clay,  which,  when  wet,  forms  a  aoft,  unstable  material. 
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Tt  popubir  Bmid  qmcksand  is  supposed  to  have  some  mysterious  and  peculiar 
^sMwfaicfa  result  hi  a  tendency  to  FLOW  lke  water  and  to  suck  m  animate 
.-:  aaoimate  objects.  These  manifestations  are  connected  with  various 
.  TKMs  to  the  compositioB  of  quicksand,  some  persons  insisting  that  quick- 
. .  xast  oontain  flakes  of  mica  or  some  slippery  mineral,  others  that  the 
ndes  must  be  extremely  fine  or  spherical  in  shape,  while  others  contend 

-  tbenc  must  be  a  certain  proportion  of  fine  clay  with  the  sand.  The  fact 
Mt  any  uncemented  sand,  when  subjected  to  the  action  of  moving  water, 
.  -k)ve  and  that  any  sand  moving  as  the  result  of  the  action  of  water  becomes 

:  «^iid.  The  finer  the  sand  the  mpre  readily  it  is  affected  by  a  current  of 
'.r.  <o  that  fine  sands  are  more  troublesome  than  coarse  sands.  A  coarse 
.  ,  Daring  larfe  voids,  permits  the  flow  of  a  certain  amount  of  water  through 
■2.  ii  this  flow  has  not  sufficient  velocity  to  disturb  the  particles  of  the  sand, 
^d  can  be  drained  without  moving  it.  In  a  fine  sand,  having  very  small 
:i  a  siffiilar  flow  of  water  will  cause  the  whole  mass  to  move  and  there  is 

-  J  ififiiculty  in  draining  it  without  producing  a  current  sufficient  to  cause  it 
^vt  or  flow. 

iKavatiotts  in  Quicksand  are  made  difficult  by  the  tendency  of  the  sand 
'  3^  the  sides  of  the  excavation  to  flow  into  the  excavation;  and  even  if  the 

-  of  the  excavation  are  protected,  it  not  infrequently  happens  that  the 
-n  (>f  the  excavation  will  UFT,  that  is,  there  will  be  a  movement  of  material 

-  points  outside  of  the  line  into  the  excavation,  the  movement  in  general 
^ig  a  cun^cd  line,  and  carxying  the  sand,  under  the  protected  side  walls 
^  excavation.    In  such  cases  some  advantage  may  be  gained  by  surround- 

•  k  excavation  with  driven  wells  and  draining  the  soil  by  continued  pumping 
Ji  sand;  in  other  cases,  wooden  or  steel  sheeting  may  be  driven  to  a  point 

'  •  tbc  depth  to  which  the  excavation  is  to  be  carried,  or  to  somtf  underljring 
:  •  f  impervious  material,  in  which  case  the  sheeting  will  act  as  a  coffer-dam 
:t  off  the  flow  of  material.    Such  sheeting,  however,  must  be  practically 

•  -T'^ht,  as  extremely  fine  sand,  when  in  the  condition  of  quicksand,  will 
.  niDugh  very  small  apertures. 

Qttckiand  ss  a  Foundation-Bed  is  objectionable  on  account  of  the  danger 
.  noviag  or  flowing,  in  case  it  finds  any  outlet  such  as  would  be  afforded  by 
..iftining  excavation.  Cases  are  known  where  excavations  have  permitted 
vape  of  quicksand  and  resulted  in  the  settlement  of  buildings  at  a  very 
-:jerable  distance.  Such  settlements  have  occurred  not  only  when  the 
■^  themselves  rested  on  quicksand,  but  also  when  they  were  on  a  stratum 
jse  sand,  gravel  or  clay  of  good  quality  which  rested  on  an  underlying 

'-xa  of  quicksand. 

toets  of  Qnicksand.  It  frequently  happens  that  pockets  of  fine  sand  are 
'  in  deposits  of  mixed  character.  Where  such  pockets  are  small  in  extent 
3c  sand  may  be  removed  and  the  spaces  filled  with  concrete.  Where  the 
-ts  arc  larger  it  may  be  necessary  to  carry  piers  through  them  to  a  better 

■  :ition-bed,  to  drive  piles,  or  to  resort  to  other  expedients. 

hi  Dry  Sand  is  readily  converted  into  qiucksand  by  the  addition  of  water  _ 
■-  fact  should  be  carefully  borne  in  mind  in  considering  the  load  on  fine  sg"  j^. 

■riitenal  which  in  dry  weather  is  apparently  safe,  may  be,  in  wetjj^j^ 
'  '^Temcly  dangerous  one.  It  is  frequently  stated  that  confinecT  uimg, 
•  -  trfectly  reliable  material  on  which  to  found  a  building.    W 

n.  cannot  be  controverted,  it  is  a  dangerous  assumption  to  .n  the  site  of  a 
V  impossibility  of  providing  that  the  fine  sand  shall  be  alw«le  of  affording  a 

Vujttion  in  the  Size  of  Ondns  of  Sand.    The  accom^  of  wooden  piles, 
h  1)  shows  gtaphicaBy  the  results  of  sieve-testa  on  chsrata.    Such  special 
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The  dash-line  curve  (i)  is  an  average,  giving  the  results  of  sieve-tests  on  severs 
so-called  quicksands;  the  full-line  curve  (3)  gives  the  result  of  sieve-tests  on 
natural  sand  which  would  be  classed  as  a  good  building  sand;  the  dot-aQd-<l£i.»] 
curve  (3)  gives  the  result  of  sieve-tests  on  a  fine  beach  sand  remarkable  for   Cb 
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Fig.  1.    Graphical  Illustration  of  Results  of  Sieve-tests  on  Sands 

uniformity  of  the  size  of  its  grains.  For  purposes  of  comparison  and  in  ordoc* 
to  show  the  variation  in  sands  which  appear  to  be  substantially  the  same,  tlic? 
dotted  curve  (4)  has  been  added.  This  shows  the  result  of  tests  on  a  bank  san<  1 
apparently  as  coarse  as  sand  (2),  but  containing  a  much  larger  percentage  of 
fine  particles  between  0.015  and  0.0055  in  in  diameter.  Fine  sand  frequently 
contains  a  considerable  proportion  of  clay.  A  chemical  analysis  of  a  so-called 
QUICKSAND  from  the  down-town  section  of  New  York  City,  reported  on  to  the 
writer  by  Dr.  C.  F.  McKenna,  is  as  follows: 

Mark:  "Commercial  Cable" 

Silica 73.76% 

Alumina  and  oxide  of  iron 18. 52% 

Lime i  .60% 

Magnesia i .  48% 

Loss  on  ignition 3 .26% 

A  rational  analysis  shows  the  following  composition: 

Quartz,  as  given 39 .38% 

Clay  and  mica,  as  given 23 .94% 

Fcldspathic  detritus 36.68% 

On  the  other  hand,  a  sample  of  extremely  fine  sand  from  Michigan,  of  which 
75%  passed  a  200-mesh  sieve,  appears  to  be  absolutely  pure  quarts. 

Clay.    When  pure,  clay  consists  of  hydrated  silica  of  alumina,  the  product 

of  decomposition  of  feldspar.    Ordinarily,  various  impurities  are  mixed  with  the 

clay,  so  that,  in  general,  clay  may  be. considered  a  mixture  of  hydrated  silica 

^lumina  with  other  finely  divided  minerals.    Mixtures  of  clay  and  sand  are 

Shai^ varying  from  beds  of  nearly  pure  clay  to  beds  of  nearly  pure  sand,  and 

cement  tt  classification  can  be  made. 

rounded  sant  of  Moisture  on  CUy.    Clay  as  generally  foimd  in  exctvationa 

Rounded  condition  due  to  the  presence  of  moisture,  the  amount  of  water 

together.  greatly.    On  drying,  the  clay  shrinks  in  volume  and  loses  its 

OnickMnd.  ^  ^  ^^^  ^^^  coherent  mass  resembling  in  consistency  a  sun> 

tureof  fine  sandr  "^^'"■**^  ^^  ^Y  ^^  liable  to  crack  into  a  number  of  small 


yGoogk 


^ 


Characteristics  of  the  Materials  of  Foundation-Beds         139 

fngments  during  the  process  of  dzying,  as  the  result  of  the  shrinkage  in  volume. 
\j^lien  these  lumps  are  cntsbed  or  ground  the  day  becomes  an  extremely  fine 
cT  impalpable  powder.  The  loss  in  volume  due  to  the  change  in  the  condition 
d  the  day  from  a  moist,  plastic  state  to  a  thoroughly  air-dried  condition  may 
LixniDt  to  from  io%  to  20%  of  the  original  volume.  Compact,  moist  clay  is 
.Tsperwious  to  water  in  the  sense  that  water  cannot  pass  through  it  as  it  would 
i^ra^gfa  porous  sand;  but  when  clay  is  exposed  to  water  the  day  gradually 
A'r'C'fbs  the  water,  so  that  eventually  the  entire  mass  becomes  saturated  and 
^eoed  by  the  water. 

Clay  as  a  Foundatioii-Bed.  Clay  is  not  a  reliable  material  on  which  to 
f.jGd  a  buildixig;  first,  because  of  the  PLASTiciTy  of  the  clay  when  wet,  and 
^onfly,  because  of  its  tendency  to  shrink  on  loang  its  contained  moisture. 
7&e  pb^kity  of  ciay  increases  with  the  percentage  of  contained  water,  so  that 
I  sm,  hard  day  may  be  converted  into  a  liquid  puddle  by  being  agitated  in  the 
presence  of  a  sufficient  amount  of  water.  The  plasticity  h  also  increased  by 
:«es5uie,  as  is  shown  by  the  action  of  clay  in  a  brick-machine.  Clay,  in  a  foimda- 
'iobed  uixler  moderate  pressure  imposed  on  it  by  the  footings  of  a  structure, 
nqoeatly  devdopa  this  quauty  of  plasticity,  the  clay  moving  out  from  be- 
-c^  the  footing  and  causing  serious  settlements  and  displacements  of  the 
:xtiiigs.  This  movement  of  the  clay  may  be  a  local  movement,  as  referred  to 
^'h  looting,  in  which  case  the  clay  flows  from  beneath  the  footing  laterally 
'^-rard  the  side  and  then  upward,  causing  the  surface  of  the  adjacent  ma- 
urial  to  rise  and  to  form  so-called  bulges  or  waves.  If  this  motion  is  uniform 
^  m  the  center  toward  the  sides,  the  footing  may  settle  vertically,  but  more 
trsquently  the  movement  will  not  be  symmetrical  and  the  footing  will  settle 
aarc  on  one  side  than  on  the  other.  Such  movements  of  the  clay  may  be  re- 
kved  or  prevented  in  some  cases  by  the  simple  device  of  loading  the  surround- 
j^  aoil,  as,  for  example,  by  a  concrete  floor. 

Movements  of  Clay  Foundation-Beds.  The  movement  of  the  clay  may 
:«  OQ  a  larger  scale,  amounting  to  a  general  flow  of  the  clay  underlying  the 
t-.tlre  building  toward  some  point  where  the  pressure  on  the  clay  is  less  than 
'•'ic  pressure  resulting  from  the  load  of  the  building.  Such  general  movements 
^a  moze  VQuiy  to  happen  if  the  building  is  located  on  the  side  of  a  hill,  so  that 
iU  day  finds  some  outlet  at  a  point  bdow  the  level  of  the  footings.  It  fre- 
iPtntXy  happens  that  adjoining  excavations  cause  settlements  to  buildings  at  a 

-asiderable  distance,  by  affording  an  ouUet  to  a  bed  of  clay.  As  noted  else- 
^ihcx  (pages  135  and  146),  beds  of  clay  resting  on  inclined  strata  of  rock  or 
Ado  material  are  liable  to  move  downward,  sometimes  with  a  slow,  almost 
Imperceptible  noovement,  and  at  other  times  forming  landslides  of  greater  or 
.rss  magnitude. 

Protection  of  Clay  Foundation-Beds.  Where  the  foundation-bed  is  clay, 
X  sand  with  a  considerafale  amount  of  day,  it  is  advisable  to  protect  it  from 
vUcr-action,  so  far  as  b  possible,  by  a  system  of  drains  surrounding  the  site 
■i  tbe  buik&iK  and  by  diverting  the  surface-water  from  the  building.  Care 
ttiKJd  be  taken  in  ba^-filling  around  exterior  walls  to  prevent  any  accumula- 
ti3Q  of  water  which  might  affect  the  material  under  the  footing.  The  neglect 
3f  such  precaution  has  frequently  resulted  in  serious  settlements  during,  or 
Esisediatcly  alter,  construction. 

Mod,  Silt,  Peat  and  Other  Unstable  Materials.  When  the  site  of  a 
STuCture  b  In  a  marsh  or  on  materials  which  are  not  capable  of  affording  a 
afe  foaodation,  the  only  alternative  is  to  resort  to  the  use  of  wooden  piles, 
cDBcreCe  piles^  or  piers  sunk  to  an  underlying  and  firmer  strata.    Such  special 
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oonstructiODS  will  be  dcaciibed  under  Subdivisions  a7,  zS  and  29,  which  consider 
wooden  piles,  concrete  piles  and  piers  sunk  by  the  coffer-dam  or  caisson 
methods. 

Filled  Orotuid.  All  artificial  fills  and  some  natural  fills  are  liable  to  a  more 
or  less  uniform  but  continuous  settlement  or  shrinkage  due  to  the  gradual  con- 
solidation of  the  material  of  which  the  fill  is  composed.  Where  the  fill  is  of  solid 
rock  this  consolidation  may  amount  to  little,  but  where  the  fill  Is  of  earth,  and 
especially  where  it  is  of  mixed  materials,  the  shrinkage  will  not  only  be  lafge  in 
amount  but  wiU  continue  for  a  very  long  period.  For  example,  where  dirt 
has  been  thrown  on  top  of  a  rock-fiU  each  rain-storm  will  wash  some  of  the  dirt 
into  the  voids  in  the  rock-fiU,  and  this  action  will  be  continuous  until  all  of 
the  voi^  are  filled  in.  Any  vegetable  matter,  or  other  matter  liable  to  decay 
and  shrinkage  in  volume,  will  increase  the  total  shrinkage  of  the  mass.  Cer- 
tain natural  deposits,  such  as  beds  of  peat  or  soils  containing  vegetable  matter, 
are  apt  to  shrink  in  volume  from  the  same  causes.  When  it  is  necessary  to 
found  a  building  on  such  material  it  is  inevitable  that  the  footings  will  settle 
with  the  mass,  notwithstanding  that  the  unit  load  on  the  foundation-bed  is  so 
small  as  to  be  negligible.  In  such  cases  the  settlements  may  be  vertical  and 
uniform;  but  if  the  depth  of  the  fill  under  one  part  of  the  building  is  greater 
than  the  depth  under  another  part,  the  settlements  will  not  be  uniform,  as  the 
shrinkage  in  the  fill  will,  in  general,  be  in  proportion  to  the  depth  of  the  filL 
No  important  buikling  should  be  foimded  on  such  material  and,  wherever 
possible,  the  footings  should  be  carried  down  through  the  filled-in  material  to 
tome  more  reliable  underlying  stratum. 

8.  Allowable  Loads  on  Materials  .of  Foundation-Beds 

General  Considerations.  Owing  to  the  infinite  number  of  variations  in  the 
materials  encountered  and  the  conditions  affecting  the  reliability  of  such  mate- 
rials, no  general  or  definite  rule  can  be  given,  and  every  case  should  be  carefully 
investigated  before  determining  the  allowable  unit  load  on  the  foundation-bed. 
If  the  material  and  conditions  are  uniform  over  the  entire  site  of  the  building 
a  uniform  unit  load  may  be  used,  but  in  practice  it  is  frequently  found  that 
entirely  different  conditions  exist  under  different  portions  of  the  same  building 
and  in  such  cases  great  care  must  be  exercised  in  determining  the  unit  loads. 
For  instance,  one  section  of  a  building  may  rest  on  rock  and  another  section  on 
a  light  compressible  soil  or  on  a  clay  of  doubtful  stability.  In  such  cases  the 
unit  load  on  the  compressible  soil  or  on  the  clay  must  be  reduced  as  much  as 
possible  so  as  to  reduce  the  differences  in  settlements  between  the  two  sections 
of  the  building  to  a  minimum.  If  the  entire  building  were  on  a  compressible 
soil  a  very  considerable  settlement  might  be  allowable,  provided  it  was  uniform; 
but  in  thb  particular  case  it  is  known  beforehand  that  the  part  of  the  building 
on  rock  will  not  settle  at  all  and  that  any  settlements  of  other  parts  of  the 
building  must  be  considered  as  unequal  settlements,  and,  as  such,  liable  to  pro* 
duce  cracks  and  distortions  in  the  building.  It  is  also  important  to  remember 
that  a  certain  unit  load  on  compressible  soil  may  be  safe,  in  that  the  soil  will 
ultimately  safely  support  that  load;  but  the  use  of  that  load  would  nevertheless 
be  inadvisable  on  account  of  the  excessive  settlements.  In  this  connection  it 
may  be  said  that  a  considerable  settlement,  if  uniform,  in  a  detached  building 
may  be  a  matter  of  no  importance;  but  that  where  a  building  is  to  be  con- 
structed in  contact  with  adjoining  buildings  or  where  additions  are  to  be  made 
to  an  existing  building,  the  total  amount  of  settlement  becomes  a  nutter  of 
prime  importance.    These  and  other  considerations.  Euch  as  the  character  of 
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Utt  proposed  twiilding  and  of  the  material  compoaiog  it»  ihould  fat  boAe  in 
wiad  in  sdecting  the  unit  load  for  any  given  foundation-bed,  irrespective  of  the 
allowed  pressure  as  given  by  building  codes  or  by  examples  quoted  in  this  chapter. 
Safe  Loads  on  Rock.  The  safe  unit  load  on  rock  may  often  amount  to 
EQore  than  the  cnishing  strength  of  brickwork  or  stone  masonry,  and  in  nearly 
all  cases  any  material  worthy  of  the  name  of  rock  is  capable  of  supporting  from 
13  to  30  tons  per  sq  ft. 

Safe  Leeds  on  Sand,  Gx«t«1  aad  Boulders.  When  oompact  and  oon- 
fiaed  laterally  these  materials  are  capable  of  supporting  10  tons  periq  f t  with* 
cut  appcedable  settlement.  It  rarely  happens,  however,  that  it  is  advisable  to 
kiad  such  matmah  with  more  than  5  tons  per  square  foot« 

Safe  Loads  on  Loose  Sand.  By  loose  sand  is  meant  sand  which  has 
&ot  been  thoroughly  compacted  and  which  may  settle  by  its  own  weight  inde- 
pesdently  of  a  superimposed  load.  AU  such  materials  should  be  tested  and 
the  unit  kMd  reduced  in  aocordance  with  the  result  of  such  testa. 

Loads  on  fine  Sand  or  Quicksand.  It  is  j^bable  that  fine  sand,  if 
absolutely  confined,  will  sustain  as  heavy  a  load  as  coarse  sand,  but  in  view  of 
the  fact  that  if  afforded  the  slightest  opportunity  it  is  liable  to  lateral  displace* 
ment,  it  b  inadvisable  to  found  any  structure  on  such  material.  When  it  b 
imperative  to  place  the  footings  on  such  material  the  unit  load  should  be  reduced 
as  much  as  possible  and  preferably  to  less  than  2  tons  per  sq  ft,  and  great  care 
should  be  taken  to  connect  all  footings  with  a  continuous  layer  of  concrete  so 
as  to  prevent  any  flow  of  material  into  the  cellar-excavation.  Care  should 
be  taken,  also,  that  any  sumps,  pump-pits,  drainage-arrangements  and  aewer- 
oosections  for  the  building  do  not  permit  the  escape  of  any  quicksand.. 

Safe  Loads  on  Hard-pan  and  certain  cemented  sands  partaking  of  the 
catiue  of  hard-pan  may  approximate  rock  in  hardness  and  reliability.  Such 
wat^mJg^  however,  are  liable  to  soften  if  exposed  to  water.  If  these  materials* 
when  uncovered,  are  dry,  experiments  should  be  made  to  determine  how  they 
bebave  when  wet,  and  if  the  level  of  the  water  in  the  ground  b  Uable  to  change 
so  as  to  reach  the  layer  of  hard-pan,  the  load  should  be  correspondingly  reduced. 
Cemented  bard-pan  containing  gravel  has  been  frequenUy  loaded  with  more 
than  xo  tons  per  sq  ft.  Care  should  be  taken,  however,  to  determine  that 
the  layer  of  hard-pan  b  continuous  to  a  solid  substratum,  as  it  frequently  happens 
thu  layers  of  haid-pan  and  fine  sand  or  clay  are  deposited  alternately. 

Ssfe  Loads  on  Clay.  Ordinary  clay  should  not  be  toaded  with  more  than 
3  tow  per  sq  f t.  If  soft  and  pUstic,  a  load  of  a  tons  per  sq  ft  may  produce 
inadmissible  settlements.  Clay  containing  so  brge  a  percentage  of  sand  as  to 
koe  its  pbstidty  has  been  k>aded  with  from  4  to  6  tons  per  sq  ft  without  undue 
settlements,  and  sand  or  gravel  containing  sufficient  clay  to  act  as  a  cementing 
oaterial  will  partake  of  the  qualities  of  hard-pan.  In  general,  however,  clay 
k  the  most  dangerous  of  all  the  materiab  on  which  structures  are  founded  and 
the  unit  load  should  be  reduced  to  a  minimum  and  every  precaution  taken  to 
prevent  the  flow  of  material.  Undue  reliance  should  not  be  placed  upon  bad< 
iag-tests  ol  clayey  soib.  It  b  probable  that  a  loading  on  a  large  area  which 
trill  produce  a  movement  of  the  clay  will  on  a  small  area  have  no  effect,  so  that 
it  is  unsafe  to  rely  upon  the  results  of  a  test-load  applied  to  an  area  smaller  than 
tlK  actual  supporting  areas  to  be  used.  From  the  experience  gained  in  the 
cMBtruction  of  large  buildings  in  Chicago  which  were  yloated  on  day,  the 
aUowaUe  unit  load  has  been  generally  reduced  to  2  tons  per  sq  ft  and,  in 
the  writer's  experience,  a  k^ad  of  less  than  a  tons  per  sq  ft  on  day  haa  pro* 
duced  settkmenta  varying  from  nothing  to  12  in. 
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1.  Unit  Loads  on  Foundation-Beds  Allowed  by  Building  Codes 

Variations  in  Building  ^odes.  TMt  I  gives  an  outline  of  the  requirement; 
of  different  dties  as  to  the  allowable  imit  loads  on  different  materials,  aj 
contained  in  their  respective  building  codes  or  regulations.  While  tfa^ 
aUowcd  loads  given  may  in  some  cases  be  based  upon  actual  experience  in  lh< 
respective  localities,  it  is  more  likely  that  they  are  based  upon  the  individual 
experience  of  the  authors  of  the  codes,  or  are  copied  from  other  codes.  1*htj 
architect  should,  therefore,  not  place  too  much  reliance  on  the  unit  loads  alla^ire  J 
by  the  codes,  but  should  investigate  each  case  and  determine  for  himself  tlie 
proper  allowance  to  be  made. 

Special  Requirements  of  Some  Building  Codes.  The  Boston  code  pro^ 
vides  that  "the  footing  shall  not  overload  the  material  on  which  it  rests. " 

The  New  Orleans  code  limits  the  maximum  load  to  i  400  lb  per  sq  ft,  the  entire 
city  being  on  an  alluvial-delta  formation. 

The  Buffalo  code  limits  the  load  on  soil  to  3^  tons  per  sq  ft;  if  the  soil  Is  other 
than  hard  clay  or  gravel  the  supporting  areas  "shall  be  extended  as  directed. " 

The  Cincinnati  code  limits  the  load  on  soils  inferior  to  those  listed,  to  i  ton 
per  sq  ft. 

It.  Investigation  of  the  Site 

Genersl  Considerations.  To  determine  the  character  of  the  materials  which 
will  be  encountered  at  the  level  of  a  foundation-bed,  the  architect  should  first 
get  as  de&nite  information  as  possible  from  others  as  to  their  experience  in  nialc- 
ing  excavations  and  erecting  buildings  in  that  vicinity.  In  some  localities  the 
subsoil  conditions  are  uniform  over  large  areas,  while  in  other  localities  impor- 
tant variations  may  occur  within  the  limits  of  a  city  lot.  Abrupt  changes  in 
surface-topography,  changes  in  the  character  of  the  surface-soil  or  in  the  native 
vegetation,  proximity  to  old  or  existing  water-courses  are  suggestive  of  sub- 
siMace  irregularities.  In  such  cases,  and  in  all  cases  where  there  is  any  doubt 
as  to  subsurface  conditions,  a  sufficient  number  of  exploratory  borings  or  test- 
pits  should  be  made  to  determine  the  facts.  This  exploratory  work  should  go 
below  the  level  of  the  proposed  footings,  should  determine  the  ground-water 
level  and  insure  that  no  unsuspected  layer  of  quicksand  or  other  unsuitable 
material  underlies  the  foundation-bed.  The  methods  in  use  for  such  explora- 
tions are  as  follows: 

Testing  in  tn  Open  Pit.  For  shallow  work  an  open  pit  is  the  most 
satisfactory  method  as  it  allows  actual  inspection  of  the  undi^urbed  material 
over  a  considerable  area.  If  the  excavation  is  in  firm  material,  no  sheet-piling 
or  other  protection  may  be  required;  but  if  in  flowing  material,  or  if  carried 
deeper  than  adjoining  footings,  timber  sheeting  or  steel  sheeting  should  be 
employed.  If  the  excavation  is  carried  no  deeper  than  the  proposed  footing- 
level,  the  underlying  material  should  be  tested  by  one  of  the  methods  herein- 
after described. 

Testing  with  Steel  Bars.  A  steel  bar  with  a  pointed  end  or  a  steel  pipe 
provided  with  a  steel  point  is  driven  to  the  required  depth  by  a  maul  or  by  a 
falling  weight.  While  no  samples  can  be  obtained  by  this  crude  method,  it 
may  determine  the  ground-water  level,  and  a  little  practice  will  enable  one  to 
distinguish  sandy  from  dasrey  soils  by  the  sound  given  out  when  the  bar  is 
twisted.  The  difficulty  of  drivfng  is  a  rough  index  of  the  degree  of  the  com- 
pressibility of  the  soil.  It  should  be  remembered,  however,  that  any  dry 
material  will  afford  considerable  ref>istance  to  the  bar  and  that  a  small  boulder 
will  stop  it;  so  that  not  much  reliance  can  be  placed  on  a  report  that  the  BAK 
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Testing  with  Post-Hol*  Diggcn.  For  shallow  explorations  in  easily  ex- 
cavated material,  the  ordinaiy  post-hole  digger  used  for  fence-posts,  or  the 
longer  and  larger  ones  used  for  telegraph-poles,  can  be  used  to  depths  of  from 
6  to  8  ft 

Testiag  with  Augers.  In  day  or  similar  material  a  single  or  double-twist 
carpenter^s  auger  welded  to  a  long  rod,  or  the  so-called  poo-auger  may  give 
satisfactory  samples.  In  gravel  or  loose  and  sandy  material,  the  sides  of  the 
hole  fall  in,  dogging  the  operation  and  destrojring  the  samples. 

Testing  by  I>r7-Pipe  Borings.  A  pod-avger  or  the  above-described 
carpenter's  AT7QER  can  be  used  inside  a  casing-pipe.  The  pipe  should  be 
driven  so  as  to  keep  dose  to  the  bottom  of  the  hob  made  by  the  auger.  The 
pipe  prevents  the  material  falling  from  the  sides  of  the  hole  and  the  auger  ex- 
cavates and  loosens  the  material  ahead  of  the  pipe  and  fadlitates  driving.  The 
above  methods  are  not  generally  successful  for  deep  holes  or  where  gravel, 
boulders  or  compact  material  interferes  with  driving  the  pipe. 

Testing  with  Wash-Pipes.  For  test-borings  over  lo  ft  in  depth  the  method 
in  most  frequent  use  is  the  wash-pipe  method.  .In  this  method  a  wrought-iron 
or  steel  pipe  known  as  the  CAsmc-prPE  or  drive-pipe  is  driven  into  the  earth  in 
much  the  same  way  as  in  the  dry-pipe  icethod,  but  the  driving  of  the  pipe  is 
facilitated  by  the  use  of  a  jet  of  water.  The  lower  end  of  the  casing-pipe  is 
provided  with  a  hollow  shoe  or  reinforcement,  slightly  larger  in  outside  diameter 
than  the  casing.  This  serves  to  protect  the  pipe  from  injury  in  driving  through 
gravel  or  hard-pan,  and  forms  a  hole  slightly  larger  than  the  diameter  of  the 
casing.  The  upper  end  of  the  drive-pipe  is  protected  from  injury  by  an  annular 
drive-head  which  has  a  threaded  part  fitting  the  thread  on  the  casing-pipe  and 
a  central  hole  to  admit  the  jet-pipe.  The  jet-pipe  is  small  enough  to  permit 
it  to  fredy  enter  the  casing-pipe.  The  lower  end  is  contracted  so  as  to  produce 
a  jet-action.  The  upper  end  is  connected  with  a  water-sui^y  which  must  be 
under  consideiable  pressure.  The  driving-mechanism  consists  of  a  cast^ron 
wdght  with  a  central  vertical  hole  large  enough  to  admit  the  wash-pipe,  and 
stationary  verticals  supporting  a  bix)CK-and-fall  and  an  arrangement  which 
releases  the  weight  when  it  has  reached  a  predetermined  height.  With  this 
arrangement,  water  is  continuously  pumped  through  the  jet-pipe,  the  length  of 
which  is  regulated  so  that  the  jet-action  loosens  the  material  immediatdy  bdow 
or  AHEAD  of  the  casing.  Some  of  the  jetting  water  returns  to  the  surface  out- 
side of  the  casing  and  thus  lubricates  the  surface  in  contact  with  the  outside 
material.  Another  part  of  the  water  returns  to  the  surface  in  the  annular 
space  between  the  wash-pipe  and  the  ca^ii^,  carrying  with  it  particles  of  the 
materia]  loosened  by  the  jet.  As  the  jet  loosens  and  washes  away  the  material 
immediately  bdow  the  casing,  the  latter  is  driven  deeper  by  repeated  blows  of 
the  ram,  the  driving  and  washing  being  carried  on  at  the  same  time.  The 
operation  is  thus  continuous  until  the  top  of  the  casing  comes  dose  to  the  sur- 
face of  the  ground,  when  the  hammer  drive-head  and  hoseK:onnection  «dre  re- 
moved to  permit  additional  lengths  of  pipe  to  be  added  to  the  casing  and  wash- 
pipes,  after  which  the  hose-connection,  drive-head  and  hammer  are  replaced 
and  the  operation  is  resumed. 

Borings  can  be  made  by  this  method  to  great  depths  in  sand,  clay  or  other 
suitable  material.  Samples  of  the  material  encountered  are  obtained  by  settle- 
ment from  the  water  returning  between  the  jet-pipe  and  wash-pipe-  These 
samples  are  not  accurate  samples  as  the  water  separates  the  materials.  The 
finer  particles  do  not  settle  readily  and  the  large  and  heavy  particles  may  not 
be  brought  up  at  all.  It  is  evident  that  such  samples  do  not  give  any  index 
as  to  the  solidity  of  the  original  deposits.    If  large  gravd,  hard-pan  or  boulders 


y  Google 


Loadbg-Tests  145 

an  eooountered  tbere  will  be  great  difficulty  in  fordng  the  casing  past  such 
ofastnictioDs.  In  such  cases  a  drill-rod  is  sometimes  substituted  for  the  jet 
and  tlie  obstruction  broken  up  into  small  pieces  or  pushed  to  one  side;  but  in 
either  case  it  is  diffic^t  to  get  any  sample  or  real  indication  of  tiie  character 
of  the  ohstructiofi.  If  solid  rock  or  large  bouklen  an  ena>unte»d,  no  further 
fugicaa  can  be  made  with  tlie  casing  and  no  sample  can  be  obtained  by  this 
method.  Resort  must  then  be  had  to  one  of  tlieooRE-BORnio  VEXHODt  described 
liereaf  ter,  to  detennine  the  character  of  the  obstruction  encountetnL 

Testtns  by  Core-Boringa.  These  borings  can  be  made  through  rock  or 
bouklers  and  accurate  samples  obtained.  In  all  cor^-boring  methods  the  hole 
b  made  by  rotating  a  pipe-like  tool  which  makes  an  annular  cut  in  the  rode 
and  leaves  a  cylindrical  core  which  is  afterwards  detached  and  brought  to  the 
surface  by  a  gripptng-tool  called  the  core-uvter.  The  cutting  is,  done  in 
different  wa3rs. 

Diamond  Bits  are  annular  rings  fitted  on  the  lower  end  of  the  hollow  pipe 
used  as  the  rotating  drill-rod  and  furnished  with  a  number  of  small  diamonds 
arranged  so  as  to  form  cutting-edges,  which,  when  rotated  in  contact  with  the 
rock,  gradually  wear  away  the  required  annular  space.  The  diamonds  employed 
are  known  as  bort,  black  diamonds,  or  carbons,  and  their  only  resemblance 
to  the  stones  used  by  jewelers  b  the  necessary  hardness.  The  carbons  are 
sJuUf ully  secured  in  a  soft  metal  bed,  in  sockets  drilled  in  the  bit,  and  they  pro- 
ject bdow  the  bit  and  also  sufficiently  inside  and  outside  to  insure  the  cutUng 
of  a  groove  large  enough  to  provide  clearance  for  the  bit  and  the  attached  drill- 
rod  or  pipe. 

SlMt-Dfills.  The  same  result  is  arxived  at  by  the  saor^DRiLL  method,  by 
which  particles  of  chilled  cast  iron  called  shot  are  used  as  the  abrasive  or  cutting- 
agent.  The  ^ot  is  poured  loose  into  the  hole  and  forced  against  the  rock  by 
the  rotating  bit. 

BlBcieAcy  of  DriU-Methods.  Both  of  the  drill-methods  mentioned  are  ex- 
pensive, but  as  they  axe  the  only  methods  which  will  give  an  accurate  sample 
in  rock,  one  or  the  other  must  be  empbjred  where  the  accurate  determinatioa 
of  rock  is  necessary.  If  the  core  corresponds  to  the  known  underlying  rock- 
formatioD  and  the  rock  is  continuous  for  a  length  of  from  8  to  ao  ft,  it  is  safe 
to  asnime  that  solki  rock  has  been  reached.  If,  however,  the  core  is  of  differ- 
ent rock  from  the  known  underlying  formation,  the  probability  is  that  a  boulder 
has  been  encountered.  If  the  core  is  not  continuous  it  may  indicate  that 
there  are  seams  in  the  rock  or  that  there  are  detached  rock-masses.  The  above- 
described  methods  are  used  after  the  overlying  earth  baa  been  penetrated  by 
one  of  the  FiPE-siNKUfG  methods  previously  described. 

The  R«8iiltB  of  Pipe-BoriagB  are  iroqnently  misleading  and  mimttterpnted, 
and  great  care  should  be  taken  to  compare  the  samples  with  samples  obtained 
from  other  borings  where  the  eiact  character  of  the  materials  tested  is  known. 

U.  LMiding-TMts 

General  Considerations.  Loading-tests  of  the  materials  forming  the  foun- 
dation-bed are  made  to  assist  in  determining  its  safe  bearing  capacity.  It  is  not 
known  to  what  extent  the  supporting  power  of  a  given  soil  varies  with  the  area 
subjected  to  the  unit  load,  and  tests  on  small  areas  are  not  a  safe  guide  for  the 
safe  load  on  krge  areas.  On  account  of  the  expense  involved,  tests  on  large 
areas  are  rarely  made,  the  usual  test  being  on  an  area  of  about  t  sq  ft.  The 
test  sboeJd  be  made  on  an  un^stinbed  portion  of  the  foundation-bed,  lerded 
to  fccUTe  the  test-load,  and  for  a  space  around  the  area  tested,  so  that  the 
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adjoining  material  is  not  reinforced  or  surcbakgeo  by  a  bank  of  imexcavated 
material.  The  load  should  be  applied  with  the  least  possible  jar  or  movemeat 
of  the  surface  in  contact  with  the  material  of  the  foundation-bed. 

Kiplanttion  of  Methods.  A  convenient  arrangement  for  this  purpose 
consists  of  a  vertical  timber  or  post  carrying  a  platform  to  receive  the  test-load, 
and  having  four  horizontal  guys  at  the  top  to  keep  the  post  in  a  vertical  position. 
The  bottom  of  the  post,  forming  the  loading-area  should  be  approzimatdy  12  by 
xa  in  and  its  exact  area  should  be  known.  The  platform,  sufficiently  strong 
to  support  the  load  to  be  applied,  should  be  concentric  with  the  post  and  as 
dose  to  the  bottom  of  the  post  as  practicable.  The  load  may  be  pig  iron,  cement 
or  sand  in  bags,  or  any  other  convenient  material.  The  guys  should  be  not  less 
than  four  in  number,  should  be  attached  to  the  top  of  the  post  and  should  lead 
horizontally  so  as  not  to  pull  up  or  down  on  it.  Levels  should  be  read  to  a 
point  on  the  post  above  or  below  the  load,  as  may  be  most  convenient.  The 
load  should  be  applied  gradually  and  with  the  least  possible  jar,  care  being  taken, 
also,  to  keep  the  loading  uniform  on  opposite  sides  of  the  post,  which  should  be 
always  vertical.  Levels  should  be  taken  at  frequent  intervals  during  the  applica- 
tion of  the  load.  The  level  observed  when  the  platform  is  first  in  position  may 
be  taken  as  zero  and  successive  settlements  referred  to  it.  When  the  proposed 
unit  load  has  been  reached,  no  additional  load  should  be  added  imtil  no  further 
settlement  is  observed.  After  this,  first  50  and  later  100%  overload  may  be 
added  and  the  total  and  periodic  settlements  observed.  If  the  settlement  under 
a  test-load  of  twice  the  proposed  load  is  not  excessive,  the  test  is  considered  satis- 
factory. 

12.  Topographical  and  Special  Conditioiis 

Ezcayations  over  Inclined  Strata.    In  case  the  site  of  a  proposed  building 
is  on  a  slope,  and  especially  if  the  slope  is  steep,  there  may  be  danger  from  a 
slip  of  the  material  forming  the  foundation-bed.     (See,  also,  page  155.)    This 
may  occur  if  there  is  an  inclined  plane  of  separation  between  layers  of  the  under- 
lying  rock,  or  between  the  rock-surface  and  the  material  overlying  the  rock, 
or  if  inclined  strata  or  beds  of  clay  occur  below  the  foundation-bed.    Slips  in 
such  locations  are  the  more  likely  to  occur  if  water  is  present,  as  the  water 
increases  the  weight  of  the  soil  and  also  reduces  the  coefficient  of  friction 
against  sliding.    Such  conditions  are  frequently  indicated  by  the  appearance  of 
springs  or  springy  ground  below  the  site.    Where  the  base  of  the  slope  reaches 
a  stream  or  river  there  may  be  danger  from  the  washing  away  of  banks  which 
have  been  supporting  the  side  slopes  of  the  valley.    In  the  case  of  deep  valleys 
with  steep  clay  banks,  or  in  any  location  where  landslides  have  been  known  to 
occur,  great  care  should  be  taken  to  extend  the  footings  to  a  bed  that  will  not 
be  affected  by  any  hindslide.    It  sometimes  happens  that  there  is  a  slow,  oon> 
tinuous  and  general  movement  of  the  material  forming  the  side  slope  of  a  valley 
toward  the  center  of  the  valley;  but  such  conditions  are  rare,  fortunately,  as,  in 
general,  no  adequate  protection  is  possible.    In  certain  limestone  formations 
there  is  danger  from  natural  caves  formed  in  the  limestone  by  the  action  of 
water. 

Ezcayations  Near  Navigable  Waters.  When  buildings  are  located  near 
navigable  waters,  it  not  infrequently  happens  that  dredging-operations  at  a. 
considerable  distance  induce  a  flow  of  fine  sand  or  clay  from  strata  underlying 
the  adjoining  banks.  This  has  occurred  where  the  existence  of  such  strata- 
was  not  suspected.  This  danger  is  especially  to  be  guarded  against  in  marshy 
localities  adjoining  waters  which  are,  or  may  be,  used  as  navigable  streams,  or 
in  k>cations  near  the  water-front  where  it  is  like^  that  docks  will  be  constructeci« 
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DaauiC^  from  Adj<»ining  Excavations.  •  Common  and  statute  laws  make 
general  provision  for  tbe  protection  of  property-owners  against  damage  result- 
iskg  from  the  acts  of  others  in  making  such  excavations;  but  an  owner  has  usu- 
ally no  coatrol  over  such  operations,  whether  on  adjoining  properties  or  streets, 
and  in  general  will  prefer  the  assurance  of  safety  to  the  possibility  of  damage 
to  his  building  and  the  expense  and  uncertainty  of  a  lawsuit.  While  it  is  not 
always  possible  to  giyud  fully  against  the  effects  of  adjoining  excavations,  and 
while  the  expense  of  so  doing  b  not  always  justifiable,  due  consideration  should 
be  given  to  the  matter.  The  following  suggestions,  therefore,  may  be  of  value. 
Depth  of  Adjoining  Excavations.  Footings  adjacent  to  property-lines 
or  situated  where  there  is  a  probability  of  future  additions  to  a  building,  or 
footings  of  a  building  which  adjoins  property  liable  to  become  the  site  of  building- 
operatfoos,  should  go  down  at  least  as  deep  as  the  maximum  probable  depth  of 
the  adjaceot  work.  In  estimating  these  probabilities,  the  character  of  the  loca- 
tion ^uld  be  taken  into  account.  In  medium-priced  residential  sections 
footings  are  rarely  carried  much  deeper  than  xo  ft,  a  sufficient  depth  for  a  cellar 
of  medium  height  below  grade.  In  high-priced  residential  sections  it  is  not  un- 
usual to  have  both  a  basement  and  a  cellar,  in  which  case  a  depth  of  cellar 
bdow  grade  up  to  20  ft  may  be  expected.  Cellars  for  residences  are  rarely 
carried  below  xo  ft,  if  in  reaching  that  depth  the  excavation  goes  below  the 
water-level.  In  fact,  a  high  water-level  discourages  deep  excavation,  not  only 
on  account  of  the  increased  difficulty  and  expense  of  excavation  but  also  on 
account  of  the  expense  of  waterproofing.  In  business  sections,  espedally  in 
sections  of  high  ground-rents,  there  is  an  increasing  tendency  toward  deep 
oellaTs^  especially  in  boiler-rooms,  where  clear  heights  of  20  ft  and  over  are  de- 
sirable for  modem  water-tube  boilers.  The  basements  are  frequently  rentable 
at  high  6gures  for  restaurants,  vaults,  stores,  etc.,  so  that  in  many  instances  the 
entire  mechanical  equipment  of  th^  building  is  housed  below  the  basement  in  a 
subbasement  and  boiler-pit,  tbe  excavation  for  which  extends  down  at  least 
y>  ft  and  in  special  cases  60  ft  below  the  curb;  and  this  notwithstanding  the 
fact  that  the  water-level  may  be  only  from  xo  to  20  ft  below  the  curb. 

Sewors  and  Trenches  as  Affecting  Foundations.  In  dries  and  towns 
omsideration  should  be  given  to  the  possibility  of  tbe  construction  of  trenches 
in  the  streets.  For  the  majority  of  localities  it  will  be  sufficient  to  consider 
the  probable  depth  of  a  sewer  of  the  proper  depth  to  serve  the  street.  In  other 
localities  it  will  be  necessary  to  consider  the  broader  quesrion  as  to  the  proba- 
bility of  deeper  excavations  for  trunk  sewers,  subways,  etc  As  such  construc- 
tions are  controlled  by  broad  topographical  considerations,  no  general  rules  can 
be  given  and  the  local  dty  engineer  should  be  consulted. 

Foundations  Near  Mines,  Shafts,  Wells,  Etc.  In  im'ning-districts  local 
authorities  should  be  consulted  as  to  danger  from  the  caving  of  old  ioi^e- 
woaxnscs.  No  adequate  provision  can  be  made  in  the  foundation  against 
such  widespread  caving  or  subsidence  as  may  result  from  mining-operations. 
In  some  cases,  successive  falk  of  rock-fragments  from  the  roof  may  gradually 
fin  the  voids  left  by  the  mining-operations,  as  the  loosely  piled  fragments  of  the 
roof  win  occupy  tnore  space  as  fill  than  they  did  as  part  of  the  solid  roof-mass. 
It  sometimes  happens  that  where  the  original  working  is  deep,  progressive 
falliog  of  tbe  roof  fills  all  voids,  and  no  surface-settlements  result.  In  other 
cases  the  overburden  may  settle  as  a  solid  mass,  causing  a  settlement  at  the 
surface  equal  to  the  thickness  of  the  old  working.  Precautionary  measures  may 
involve  the  filling  in  of  the  workings,  a  subject  outside  the  limits  of  this  chapter. 
In  the  case  of  an  important  building  a  local  mining  engineer  should  be  consulted 
or,  if  posfiible,  the  location  of  the  buiMing  changed  to  a  safer  site.    Miniko- 
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SBAVTS,  DEEP  wxLis,  SHAFTS  fOK  TUKMEiA,  etc.,  may  caiise  diftturtMnces  of 
the  soil,  but  in  such  cases  the  settlement  is  geneiklly  conceotiated  aroimd  the 
shaCt  or  weU»  and  buildings  at  a  reasonable  distance  are  slightly  affected,  if  at  all. 

FouniUtionM  Near  TunnelB  and  Trenches  for  Railroads  and  Subways. 
In  large  cities  the  necessities  of  transportation  are  increasingly  calling  for  con- 
struction of  underground  rail&oai>s,  tttnnels  and  subways.  Such  constructions 
are  generally  planned  to  follow  streets.  Railroad  tunneb  for  trunk  fines  can 
be  expected  to  follow  direct  lines  to  centrally  located  stations  or  terminals  along 
routes  which  avoid,  as  far  as  possible,  difficulties  of  construction,  condemnation 
of  real  estate  and  damage  to  high-priced  properties.  The  depth  of  excavation 
will  generally  be  as  shallow  as  practicable.  Where  the  tunnel  has  to  dip  to  pass 
underneath  some  obstruction,  the  approach-grades  will  probably  be  at  the  max- 
imum or  limiting  grade  of  the  particular  section. 

Relation  of  Subways  to  Foundations  of  the  Most  Important  Build- 
ings. In  stJBWAY-coNSTaucTZON  for  rapid-transit  passenger  service,  the  lines 
can  he  opemted  on  sharper  curves  and  with  steeper  grades  than  would  be  used 
in  the  case  of  a  trunk-line  railroad.  This  permits  the  lines  to  follow  closely 
the  lines. of  the  dty  streets^  For  traffic-considerations  the  locations  will,  in 
general,  follow  the  principal  arteries  of  surface  traffic,  and  stations  will,  in  gen- 
eral, be  located  at  intersections  of  important  streets,  where  there  is  the  greatest 
congestion  of  population.  As  such  conditions  are  caused  by  the  existence  of 
trade-centers,  and  call  for  the  construction  of  high  buildings,  it  may  readily  be 
seen  that  the  heaviest  and  most  important  buildings  are  most  likely  to  have 
their  foundations  affected  by  the  construction  of  a  subway  in  their  immediate 
vicinity.  Where  there  is  reason  to  apprehend  the  construction  of  such  sub-  • 
WAYS  or  TUNNELS,  information  should  be  sought  as  to  the  probable  depth  of 
the  excavation,  the  depth  at  which  water  is  encountered,  the  character  of  the 
material,  the  probable  width  of  the  construction  as  affecting  the  use  of  sidewalk 
vaults,  and  the  method  to  be  employed  in  making  excavations.  Where  the 
excavations  for  such  tunnels  and  subways  have  been  carried  below  the  levels 
of  the  footings  of  adjoining  buildings,  as  in  Baltimore,  Boston,  Brookljm,  Chicago 
and  New  York  City,  buildings  along  the  routes  have  been  seriously  affected. 
Such  results  have  not  been  limited  to  any  particular  methods  used  in  the  con- 
struction of  the  tunnels,  as  even  where  the  excavations  were  wholly,  or  partly, 
in  rocki  serious  damage  has  been  done. 

IS.  Loads  Coming  on  the  Footings 

The  Loads  to  be  Conildered  in  the  design  of  the  footings  of  a  structure 
are: 

(x)  The  Dead  Loads,  or  the  loads  due  to  the  actual  weight  of  the  completed 
structure,  ready  for  occupancy. 

(a)  The  Live  Loads,  or  the  loads  due  to  the  occupancy  of  the  building  and  also 
to  the  weight  of  snow  on  the  roof. 

Ca)  The  Wind-Loads,  or  the  vertical  components  of  stresses  in  the  structure, 
produced  by  wind-pressure. 

(x)  The  Dead  Load.  The  dead  load  of  any  structure  can  be  accurately 
calculated.  If  the  structure  is  properly  designed  the  part  of  the  dead  load 
supported  by  each  element  of  the  foundation  can  be  definitely  stated.  The  total 
d^  load  becomes  effective  as  soon  as  the  building  is  completed,  and  remains 
oonstant  thereafter  unless  additions  or  alterations  are  made  to  or  in  the  sttuc- 
ture. 
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(i)  TIm  LiY«  Load.  The  Jive  load  of  any  structure  ia  the  sum  of  the  roof- 
knds  and  floor4oads.  In  designing  the  roof  and  floors  the  calculationB  for 
strength  are  based  on  an  assumed  unit  load  which  should  be  the  maTimum  bad, 
coDststeat  with  the  probable  use  of  the  structure^  to  which  any  portion  of  the 
roof  or  floor  may  ever  be  subjected.  The  assiuned  live  load  is,  therefore,  prob- 
ably greater  than  the  average  load  for  the  entire  area  of  a  floor  or  the  entire 
area  of  the  roof.  Moreover,  as  it  is  improbable  that  conditions  of  maximum 
bading  will  ever  occur  simultaneously  on  the  roof  and  on  all  of  the  several 
fioors,  it  is  probable  that  the  maximum  load  on  the  footings  will  be  less  th£n  the 
sum  of  majdmum  loads  on  the  roof  and  on  the  several  floors. 

Thit  Minliiinm  Live  Load  for  an  imloaded  building  is  zero. 

TLe  Actoal  live  Load  will  vary  from  zero  to  a  maximum,  which  maximum 
win  generally  be  less  than  the  total  assumed  live  load. 

The  Batio  of  the  Probable  Mjiimiim  Live  Load  to  the  Assumed  Uve  Load 
varies  in  different  buildings,  so  that  no  table  or  general  rule  can  be  given. 

The  RrobaUe  Maiimiim  Live  Load.  As  it  is  important  to  know,  appron* 
loately  at  least,  the  maximum  live  loads  to  which  the  footings  will  be  Subjected, 
asd  as  this  maximum  may  be  only  a  fraction  of  the  assumed  live  loads,  the 
aLTchitect  should  make  a  careful  study  of  the  conditions  of  loading  to  which  the 
building  will  probably  be  subjected  and  estimate  the  probable  maximum  live 
luad  for  the  entire  building. 

Data  for  Ratrmating  Live  Loads.  (See,  also.  Chapter  XXI,  pages  71S 
to  721.)  In  estimating  the  probable  maximum  Uve  loads  for  different  uses,  the 
foUowins  notes  may  be  of  value.  In  certain  buikUngs  the  assumfri  unit  load- 
ifig  on  the  roof  and  on  parts  of  each  floor  may  be  reached  at  various  times, 
but  it  is.  unlikely  that  the  maximum  loading  of  all  parts  of  the  building  will 
occur  at  the  same  time.  In  buildings  of  many  stories  the  probability  of  having 
maximum  loads  on  all  of  the  floors  at  the  same  time  decreases  with  the  number 
of  stories. 

Ordiaasy  HooselMld  and  Office^Fvmitttre  weighs  from  5  to  xo  lb  per  sq  ft  of 
space  occupied.  While  safes,  bookcases  or  fliing-cases  may  produce  local  load* 
ings  of  from  10  to  100  lb  per  sq  ft,  the  average  load  on  office^floors  rarely  reaches 
10  lb  per  sq  f  L 

Reaideaces,  Apartments  and  Parts  of  Hotels  not  used  for  public  assemblies 
are  rardy  loaded  with  more  than  5  lb  per  sq  ft  of  floor-area. 

Retnil  and  Wholesale  Stores  require  a  large  percentage  of  the  floor-area  for 
the  use  of  salespeople  and  customers,  and  not  over  50%  of  the  floor-area  is  used 
for  the  storage  of  stock.  In  estimating  the  weight  of  misceUaneous  stocks,  an 
average  between  the  lightest  and  heaviest  classes  should  be  taken  for  the  weight 
per  cubic  foot,  and  also,  in  Bguring  the  total  space  occupied  by  stock,  an  average 
should  be  taken  between  the  maximum  and  minimum  amount  of  stock  carried. 
In  ketah.  dry-goods  stokes  the  floor-load  for  the  entire  buikling  may  amount 
to  not  more  than  2s  lb  per  sq  ft,  but  in  wholesale  stores,  and  especially  in 
grocery  and  hardware  stores,  the  average  load  may  greatly  exceed  this  figure. 

Ia  WockRhope,  Left-Buildings  and  Bttildinga  for  ManafactoHAg.  the  actual 
five  loads  will,  of  course,  vary  with  the  class  of  material  handled  and  the  wdght 
of  the  maddnety  tised,  and  no  general  estimate  can  be  made.  Where  the  char^ 
acter  of  the  occupancy  to  be  expected  is  known  it  is  possible  to  make  a  dose 
approximatioB  of  the  weights  of  machinery,  fixtures  and  average  stock  on  each 
floor. 

StaralwaBea.  In  buildings  used,  in  whole  or  in  part,  for  storaoe  furfoseb 
a  floor  may  be  used  for  h'ght,  bulky  materials  which,  when  stowed  so  as  to  leavo 
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gangways  and  working-spaces,  will  give  a  resultant  load  much  bdow  the  as- 
sumed load.  On  the  other  hand,  the  heaviest  materials  may  be  compactly 
piled  from  floor  to  ceiling  in  defiance  of  building  regulations,  posted  notices  and 
oonunon  sease.  Raw  materiab  or  crated  or  baled  materiab  can  be  packed 
closer  than  miscellaneous  articles,  and  are  therefore  liable  to  increase  the  loads. 

The  Ratio  of  the  Total  Probable  Msrimum  Live  Load  to  the  Total  Aasomed 
live  Load  having  been  determined  for  the  entire  building,  the  probable  maximum 
live  load  for  any  element  of  the  footing  may  be  readily  obtained  by  multiplying 
the  assumed  or  calculated  live  load  for  that  element  by  this  ratio. 

(3)  The  Wind-Load  is  generally  calculated  on  the  assumption  that  the  wind 
may  exert  a  uniform  pressure,  frequently  taken  at  30  lb  per  sq  ft,  on  the  entire 
external  area  of  any  side  of  the  building.  This  assumption  makes  no  deduction 
for  the  protecting  influences  of  adjoining  buildings.  In  a  building  of  any  size  it 
is  improbable  that  the  maximum  pressure  will  be  reached  over  the  entire  exposed 
area  at  'the  same  instant  of  time,  and  consequently,  if  the  assumed  pressure 
represents  the  maximum  pressure,  the  average,  at  any  time,  will  be  less  than 
the  calculated  total. 

General  Effect  of  Wind-Pressure.  The  horizontal  pressure  of  the  wind  tends 
to  increase  the  load  on  footings  on  the  leaward  side  of  the  building  and  to  de- 
crease die  load  on  footings  on  the  windward  side.  In  many  buildings  diagonal 
bracing,  called  wind-bracing,  or  other  special  construction,  is  used  to  prevent 
the  building  from  being  deformed  by  the  wind-pressure  and  to  convert  the  hori- 
zontal stresses  due  to  the  wind-pressure  into  vertical  components,  acting  along 
defined  lines  of  support,  that  is,  into  either  uplifts  or  loads  on  certain  walls, 
piers  or  columns.  Where  the  uplift  on  any  element  of  the  structure  is  less  than 
the  dead  load  on  the  same  element,  the  uplift  is  ignored.  Where  the  vertical 
component  increases  the  compression  in  any  element  it  is  called  the  wind-load  in 
THAT  ELEMENT  of  Construction  and  on  the  corresponding  footing.  The  design 
is  generally  based  upon  concentrating  aP  of  the  wind-load  on  certain  external 
footings.  If,  on  account  of  the  general  rigidity  of  the  building,  or  on  account  of 
any  other  reason,  the  wind-stresses  reach  footings  not  designed  to  receive  wind- 
loads,  the  amounts  figured  on  the  external  footings  will  be  reduced  correspond- 
ingly. It  is  probable  that  the  maximum  effect  of  the  wind  results  from  a  series 
of  impulses  of  short  duration  and  that  the  effect  of  such  pulsadons  may  be 
partially  overcome  by  the  inertia  and  elasticity  of  the  buildings;  so  that  the 
resultant  load  reaching  the  footing  may  be  only  a  part  of  the  theoredcal  load  for 
the  instant  during  which  the  maximum  pressure  is  exerted.  (See,  also,  Chapter 
XXIX,  Wind-Bracing  of  TaU  Buildings.) 

The  Probable  MaTimnm  Wind-Load  acting  on  the  footing  is,  therefore,  less 
than  the  theoretical  load  due  to  the  maximum  wind-pressure.  If  the  assumed 
wind-load  represents  approximately  the  maximum  wind-pressure,  as  recorded 
by  a  wind-gauge,  it  would  appear  safe  to  assume  that  only  50%  of  the  assumed 
wind-load  would  act  to  produce  a  settlement  in  the  footings  of  a  building. 
Some  authors  recommend  that  in  proportioning  footings  all  wind-loads  be 
ignored;  but  this,  especially  in  the  case  of  high  and  narrow  buildings,  is  mani- 
festiy  improper.  The  minimum  wind-load  is  negative,  being  actually  an  uplift 
from  which  the  load  may  vary  to  the  maximum,  but  the  maximum  will  be 
reached  only  at  rare  intervals  and  will  endure  for  a  short  period  only. 

The  Combined  Wind-Load  and  Live  Load.  It  is  improbable  that  the  maxi- 
mum wind-load  and  the  maximum  live  load  will  occur  at  the  same  time,  which 
consideration  should  be  borne  in  mind  when  the  estimate  is  being  made  as  to 
the  effective  wind-load. 
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of  BoJldifif  Codes  for  Aasumed  Loads  for  Ofllce- 
Bnfldiocs 


C3ty 


Requirements 


L-'^aafta.  Ga.. 


ii.T^,K.Y 


,  Minn.. 


••'^hniood,  Va 
•^  Lcois.  Mol. 

%  Putsl,  Minn. 


"•Tcixiaarti.  O.. 


,I1L. 


Nct  York  City. 
•^>r?efaad,0 


Live  load,  75  lb  per  sq  ft  above  ist  floor;  150  lb  per  sq  ft  on 

ut  floor 
Footings  designed  for  dead  load  and  60%  of  live  load  and 

wind-load 

Live  load.  100  lb  per  sq  ft.  IK^nd-load.  30  lb  per  sq  ft  where 
orected  in  open  spaces;  in  built-ap  districts,  35  lb  at  the 
loch  story,  aV^  lb  more  for  each  stuxeeding  upper  story,, 
up  to  a  maximum  of  35  lb  to  the  14th  story  and  above 

Liveload.Tolbpersqft.  HHnd-load.aolbpersqft.  Poun- 
dationa  designed  for  the  acting  average  loads  in  the  com- 
pleted and  oocupied  building  and  not  the  theoretical  or 
occasional  loads 

Live  load.  75  lb  per  sq  ft  above  the  first  floor;  100  lb  for  first 
floor.  Wind-load ,  30  lb  per  sq  ft.  Roof  and  top  floor,  full 
live  load.  For  each  succeeding  lower  floor,  a  reduction 
of  5%  until  5o9c  is  reached,  such  reduction  being  used  for 
the  remaining  floors 

Foundations  designed  for  60%  of  the  live  load 

Live  load.  70  lb  per  sq  ft;  first  floor,  150  lb.  Loads  carried 
by  the  soil,  total  dead  load  and  10  lb  per  sq  ft  of  all  the 
floor-area.    Wind-load,  jo  lb  per  sq  ft 

Live  load,  60  lb  per  sq  ft  above  the  first  floor.  First  floor, 
las  lb.  Wind-load,  30  lb.  Roof  and  top  floor,  full  load; 
for  each  lower  floor,  a  reduction  of  5%  until  50%  of  the  full 
live  load  is  r»ched.  when  such  reduced  load  shall  be  used 
for  the  remaining  floors.  Footings  designed  for  dead  load 
and  live  load 

Live  load.  50  lb  per  sq  ft  above  first  floor;  xoo  lb  for  first 
floor.  Live  load  reduced  by  5%  for  each  floor  below  the 
top  until  30%  is  reached,  when  such  reduced  loads  shall 
be  used  for  remaining  floors.  Wind-load,  20  lb  per  sq  ft 
above  surrounding  buildings 

Live  load.  50  lb  per  sq  ft.  50%  of  the  live  load  used  for 
piles.  Piers  designed  for  85%  of  live  load  on  top  floor 
and  reduced  by  s%  for  each  lower  floor  until  50%  is 
reached,  when  such  reduced  loads  shall  be  used  for  the 
remaining  floors.    Wind-load  ao  lb  per  sq  ft 

Footings  designed  for  60%  of  the  live  load 

L4ve  load  60  lb  per  sq  ft  in  offices  proper.  100  lb  per  sq  ft  in 
halls,  lobbies,  etc.  Footings  for  walk  designed  for  50% 
of  Uve  load.  Free-standing  columns  designed  for  80% 
of  xoo-lb  load  and  75%  of  60-lb  load.  Wind-load  30  lb  per 
sq  ft  for  free-stending  structures  in  bmlt-up  districts; 
25  lb  per  sq  ft  at  the  xoth  story  and  2H  lb  less  for  each 
lower  story,  and  aVi  lb  more  lor  each  higher  story,  untU 
3S  lb  is  reached 
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ReductioB  in  Aafumed  Loads.  The  buHdini;  codes  of  various  cities  con- 
tain rules  governiog  the  assumptions  to  be  made  as  to  live  loads  and  wind-loads, 
and  these  rules  generally  provide  for  some  reductiok  in  the  assumed  loads. 
Generally,  it  will  be  found  possible  to  meet  these  requirements  and  at  the^ame 
time  arrange  for  the  proper  proportioning  of  the  supporting  areas.  Table  11, 
page  151 »  gives  briefly  the  requirements  of  the  building  codes  of  several  dties,  as 
to  assumed  loads  for  office>bulldings. 

15.  Proportloniog  the  Sapporting  Areas  for  Sqoal  Settlement 

The  Minimum  Areas  of  Support.  The  actual  dead  loads  and  the  assumed 
live  loads  and  wind-loads  for  each  lineal  foot  of  wall  and  for  each  column,  pier, 
or  other  supporting  element  of  the  building  down  to  the  level  of  the  footing;s 
having  been  calculated,  a  foundation-plan  should  be  prepared  giving  the  amount 
and  center  of  action  of  all  loads.  For  safety  under  the  worst  possible  combina- 
tion of  loads,  each  footing  should  be  ample  to  support  the  total  of  the  dead  loads, 
live  loads  and  wind-loads  coming  on  it.  The  imnifUM  areas  of  support  for 
any  footing  is  obtained  by  dividing  the  total  of  the  dead  loads,  live  loads  and  wind- 
loads  by  the  safe  supporting  power  of  the  foundation-bed.  If  the  foundation- 
bed  is  rock,  or  can  be  considered  as  incompressible  under  the  unit  load,  the 
minimum  areas  so  obtained  may  be  used  for  the  footings.  On  compressible 
materials,  or  generally  on  all  materials  other  than  rock,  the  use  of  these  mini- 
mum areas  will  not  result  in  uniform  settlements  owing  to  the  fact  that  the 
actual  live  loads  and  wind>loads  are  not  consistent  with  the  assumed  live  loads 
and  wind-lqads. 

The  Aetual  Loads  on  the  Footings.  In  accordanGe  with  what  has  been 
previously  said,  let  us  assume  that  the  dead  load  is  constant,  and  that  for  a 
building  under  consideration  the  probable  maximum  live  load  is  50%  of  the 
assumed  live  load,  that  the  probable  maximum  wind-load  is  40%  of  the  assumed 
wind-load,  and  that  on  the  completion  of  the  building,  for  a  short  period,  the 
live  loads  and  wind-loads  reduce  to  zero.  The  actual  loads  on  the  footings 
would  then  be: 

(i)  Upon  completion  of  the  building,  the  dead  load  only; 

(2)  Under  the  maximum  load  due  to  occupancy  and  to  snow  on  the  roof, 

the  dead  load  plus  50%  of  the  assumed  live  load; 

(3)  When  loaded  as  in  (3)  and  subject,  in  addition,  to  the  maximum  prob- 

able wind-action, 

(a)  The  footings  on  the  Icaward  side  of  the  building  will  sustain  the  total 

dead  load,  plus  50%  of  the  assumed  live  load,  plus  40%  of  the  as- 
sumed wind-load; 

(b)  The  footings  on  the  windward  side  of  a  building  will  sustain  the  total 

dead  load,  plus  50%  of  the  assumed  live  load,  minus  40%  of  the  as- 
sumed uplift; 

(c)  Other  footings  will  support  the  total  dead  load,  plus  50%  of  the  as- 

sumed Kve  load,  plus  zero  wind-load; 

(4)  Intermediate  conditions  as  to  live  loads  and  wind-loads  will  produce 

loadings  intermediate  between  (i)  and  (3). 

Variations  in  Unit  Loads  on  Foundation-Beds.  With  such  known  varia- 
tions it  is,  therefore,  impossible  to  proportion  the  supporting  areas  so  that  the 
imit  load  on  the  foundation-bed  shall  be  unifonn  at  all  tbnes.  If  the  support- 
ing areas  are  proportioned  in  the  ratio  of  the  dead  load  only,  the  building,  on 
completion,  and  before  occupancy,  will  uniformly  load  the  supporting  areas, 
and  at  that  time  all  of  the  footings  should  show  equal  settlements;  but  subse- 
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quently,  wfaea  the  supporting  areas  have  been  subjected  to  the  full  effects  of  the 
t\e  loads  and  wiod-laads,  certain  supporting  areas,  having  a  high  percentage 
Kii  Ii\-e  loads,  or  of  live  loads  and  wind-loads,  will  be  subject  to  a  higher  unit 
Xiad.  and  the  corresponding  footings  will  cousequently  settle  more  than  other 
foodngs  supporting  a  low  percentage  of  live  loads,  or  live  loads  and  wind- 
loads. 

Hon-Uxiif omiity  in  Footing-Settlements.  If,  on  the  other  hand,  the  sup- 
porting areas  are  proportioned  on  the  basis  of  the  dead  loads,  plus  the  mayimum 
live  loads,  plus  the  maximum  wind-loads,  even  if  the  -maximum  loads  are  the 

P«OBABL£  ACTUAL  MAXIMUM  LOADS,  and  nOt  the  FICTITIOUS  ASSUMED  LOADS,  it  IS 

iDe\itabIe  that  upon  the  completion  of  the  building  and  before  occupancy,  the 
supporting  areas  having  a  lower  percentage  of  live  loads  and  wind-loads  will 
huve  a  higher  unit  load,  and  the  corresponding  footings  will  have  settled  more 
toLia  other  footings  supporting  a  high  percentage  of  live  loads  and  wind-loads< 
•.in  this  basis,  the  footings  will  not  come  to  a  uniform  settlement  until  they 
Live  been  subjected  to  the  maximum  live  loads  and  wind-loads. 

Arbitraxy  Rules  for  Proportioning  Supporting  Areas.  Various  axbi- 
iXAXY  nuLES  have  been  recommended  for  the  proportioning  of  the  supporting 
trctt  to  secure  equal  settlements.  These  rules  generally  provide  for  a  reduc* 
ton  in  the  assumed  live  loads  and  wind-loads,  but  do  not  take  into  consideration 
the  fact  that  a  large  proportion  of  the  total  settlement  of  certain  footings  may 
ulu:  place  subsequently  to  the  completion  of  the  building  and  after  other  foot* 
L-^o  may  have  reached  practically  their  full  settlemenL 

Satioiial  Rule  for  Proportioning  Supporting  Areas.  The  rule  herenn 
after  rea>nmiended  provides  not  only  for  a  reduction  of  the  assumed  loads  on 
a  more  rational  basis,  but  also  for  the  proportioning  of  the  footings  for  the  mean 
i.j4<l  instead  of  for  the  ultimate  load,  and  it  is  believed  that  the  resulting  settle- 
ntnts  will  be  as  nearly  uniform  as  possible.  The  rule  is  based  on  the  propor- 
:i<>ning  of  the  footings  in  accordance  with  the  loads  which  will  act  on  the 
jx>tings  at  the  time  when  all  of  the  dead  loads  and  one-half  of  the  probable 
maximum  live  loads  and  wind-loads  exisL  The  reason  for  taking  one>4ialf  of 
\h£  probable  maximum  wind-loads  and  live  loads  is  that  these  loads  vary  from 
2cro  to  a  maTimum,  the  average  being  one-half  of  the  maximum. 

ProTision  for  Variations  in  Loads.  On  the  completion  of  the  bmlding 
and  before  the  Kve  loads  or  wind-loads  have  gone  on  the  footings,  the  scttie- 
r-ients  wiB  not  be  uniform,  because  areas  designed  for  a  high  percentage  of  live 
k<ads  and  wind-loads  will  have  much  less  than  their  average  load  and  will  there- 
iare  have  settled  less  than  footings  having  a  low  percentage  of  live  bads  and  wind- 
ijads.  When  these  same  footings  have  been  subjected  to  the  maximum  probable 
kve  toads  and  wind-loads,  the  settlements  will  again  be  unequal,  because  the 
areas  have  been  proportioned  for  only  one-half  of  the  probable  maximum  Kve 
loads  and  wind-loads;  but  the  footings  which  originally  were  the  highest  will 
now  be  the  lowest.  The  inevitable  movement  due  to  the  variation  In  the  live 
(•joids  and  wind-loads  will  be  equally  divided,  one-half  of  the  settlement  being 
rtquired  to  bring  the  footing  to  the  level  of  a  footing  having  the  dead  loads  only» 
and  the  other  half  of  the  settlement  carrying  it  an  equal  distance  below  the  same 
footing.  In  other  words,  the  method  provides  for  the  least  possible  variation 
between  footings  having  different  proportions  of  live  loads  and  wind-loads. 

The  Mean  Load.  For  lack  of  a  better  name,  the  loads  taken  for  the  pro- 
portioning of  the  footings^  consisting  of  the  total  dead  loads,  one-half  of  the 
probable  noaximum  live  loads  and  one-half  of  the  probable  wind-loads  ooming, 
on  each  footing,  will  be  called  the  mean  L(MX>, 
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The  Mean  Unit  Load.  The  areas  will  be  made  such  that  the  load  on  tbe 
foundation-bed  due  to  the  mean  loads  will  be  uniform,  and  this  uniform  load 
which,  in  general,  will  be  considerably  less  than  the  allowable  unit  load  on  tlie 
foundation-bed  ^ndll  be  called  the  mean  unit  load. 

llie  Minimum  Unit  Load.    The  necessity  for  providing  for  the  worst 
possible  condition  of  loading  is  satbfied  if  the  supporting  area  for  all  footins^ 
is  sufficiently  large  to  support  the  total  of  the  dead  loads  and  the  assumed  live 
loads  and  wind-loads  at  the  allowable  unit  pressure.    The  resulting  areas   of 
support  are  the  minimum  areas,  and  any  change  in  these  areas  necessary   to 
make  them  proportionate  to  the  mean  loads  must  be  effected  by  increasing  some 
areas  rather  than  by  diminishing  any.    Any  mean  unit  load  which  would  give, 
when  divided  into  the  mean  loads,  areas,  all  of  which  would  be  larger  than  the 
minimum  areas,  would  serve  as  the  mean  unit  load,  but  it  b  more  economica.1 
to  determine  the  lowest  possible  mean  unit  load  which,  when  applied  to 
the  mean  loads,  will  give  the  least  possible  increase  of  the  areas.    This  can  be 
done  by  determining  which  one  of  the  minimum  areas  carries  the  least  melan 
LOAD  PER  square  FOOT.    This  area  may  be  selected  by  calculating  the  'mean 
load  on  each  of  the  minimum  areas,  or  more  simply,  by  comparing  the  table 
of  assumed  loads  and  a  table  giving  thd  mean  loads,  and  noting  which  footin^^ 
has  the  largest  percentage  of  reduction  between  the  assmned  load  and  the 
mean  load.    The  resulting  mean  load  on  this  footing  will  be  the  MmmuM  uxrr 
LOAD  which  can  be  used  as  a  mean  unit  load. 

The  Method  Reduced  to  Rule.  The  method  can  be  reduced  to  rule  as 
follows: 

(i)  Prepare  a  table  giving  in  vertical  columns  or  table-divisions  for  each 
footing,  the  dead  loads,  the  assumed  live  loads,  the  assumed  wind-loads  and 
the  total  of  these  three  loads.    This  table  b  called  the  table  of  assumed  loads. 

(2)  Prepare  a  similar  table  giving  the  dead  loads,  one-half  of  the  maximum 
probable  live  loads,  one-half  the  maximum  probable  wind-loads  and  the  total 
of  these  three  loads.    This  table  will  be  called  the  table  of  mean  loads. 

(3)  By  a  comparison  of  the  two  tables,  find  the  supporting  area  which  has 
suffered  the  greatest  percentage  of  reduction  between  the  total  assumed  loads 
and  the  total  mean  loads  and  hnd  the  unit  load  resulting  from  the  mean  load  on 
thb  area.    This  unit  load  will  be  called  the  mean  unit  load. 

(4)  Divide  the  total  mean  load  as  giveci  in  the  table  of  mean  loads  for  each 
footing  by  the  mean  unit  load.    The  result  will  be  the  required  area  of  sup< 

PORT. 

Short  Method  for  Determining  the  Mean  Unit  Load.  From  the  fore- 
going it  follows  that  the  mean  unit  load  can  be  obtained  more  directly  by  the  fol- 
lowing rule.  Find  the  supporting  area  which  has  suffered  the  largest  percentage 
of  reduction  between  the  total  assumed  load  and  the  total  mean  load  and  multi- 
ply the  allowable  unit  load  on  the  foundation-bed  by  the  ratio  obtained  by 
dividing  the  total  mean  load  by  the  total  assumed  load. 

niiutratiTe  Example.  The  following  example  is  figured  out  more  fully  than 
is  necessary  in  practice  in  order  to  fully  explain  the  method  and  also  to  compare 
the  method  with  other  methods  frequently  used  and  recommended.  Ordinarily 
the  wind-loads  on  a  building  of  the  size  and  type  assumed  in  the  example  would  be 
ignored,  but  they  have  been  considered  here  to  make  the  example  complete. 

A  factory-building  (Fig.  2)  is  to  have  four  floors  above  the  basement,  each 
capKible  of  supporting  an  assumed  unit  load  of  200  lb  per  sq  ft.  The  load  on 
the  flat  roof  is  assumed  at  50  lb  per  sq  ft.  The  horizontal  wind-pressure  is  as- 
sumed as  a  uniform  pressure  of  40  lb  per  sq  ft,  on  the  aides  AB  and  CD  only. 
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The  vertical  component  of  the  wind-pressure  is  to  be  taken  care  of  by  the  foot- 
ings of  the  side  walls.  There  b  also  an  interior  self-supporting  chimney  .and 
venrilaHng  shaft  which  is  protected  from  the  wind  and  which  carries  no  floor- 
bads. 

The  foundation-bed  is  a  uniform,  sandy  material  which  is  expected  to  compress 
oaiioiiiily  and  at  the  rate  of  ^  in  per  ton  of  load  per  sq  ft  of  su^wrting  area. 
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Fig.  2.    Foundation-plan  and  Section  of  Factory-building 
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The  MAXDCUif  UMTT  LOAD  on  the  foundation-bed  is  taken  at  4  tons,  correspond- 
ios  to  a  settlement  of  a  in  for  the  assumed  load.  The  calculated  dead  loads  of 
tbe  buiMins*  including  all  construction  down  to  the  level  of  the  footings,  the 
smrnnarion  of  the  assumed  live  loads  and  the  vertical  components  of  the  assumed 
vind^cMAis  are  given  in  Table  m. 

Tahle  in.    Dead  Loads  and  Assnmf>d  live  and  Whid-Loads 


Element  of  footing 

Division  x. 

dead  loads 

only, 

lb 

Division  2, 

assumed 

live  loads, 

lb 

Division  3. 

assumed 

wind-loads, 

lb 

Division  4. 
total  dead, 

live  and 

wind-loads, 

lb 

SidewaDaperlinft.... 

Co|nfnii9  I  anA  5 

14000 
137  soo 

90000 
3ao  000 

6400 
160000 
340000 

3000 

34  400 
397300 

Cdinnns  a,  3  and  4. . . . 

430000 

Chimney 

TsUfrcniomns  are  called  divisitms  to  avoid  confusion  with  boilding-rolnmns. 
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A  careful  study  of  the  probable  loading  of  the  bullefing  shows  that  the  maidmum 
live- loads  at  any  one  time  will  not  exceed  60%  of  the  total  assumed  Hve  loads, 
and  that  the  maximum  wind-loads  will  be  less  than  50%  of  the  assumed  windL- 
loads,  for  the  reason  that  the  assumed  wind-pressure  b  based  upon  the  highest 
recorded  pressure  on  a  limited  area  in  an  exposed  situation,  whereas  the  pro- 
posed buil(fing  will  be  in  a  sheltered  situation.  Having,  therefore,  determined 
the  probable  maximum  live  loads  and  wind-loads  at  60%  and  50%  respectively 
of  the  assumed  loads,  the  so-called  mean  loads,  corresponding  to  loads  half-way 
between  the  minimum  and  maximum  loads,  will  be  one-half  of  the  probable 
maximum  loads,  or  60%  X  H  -  30%  of  the  assumed  live  loads  and  50%  x  ^^ 
*  35%  of  the  assumed  wind-loads.  Table  IV  gives  the  dead  loads  and  the 
mean  live  loads  and  wind-loads  separately,  and  the  total  of  the  dead  load*  and 
mean  loads,  which  total  is  to  be  used  in  proportioning  the  areas  for  least  varia- 
tion in  settlement.    This  is  known  as  the  total  mean  load. 

Table  IV.    Dead  Loads,  Mean  Live  and  Wiad-Loada  and  Total  Dead  and 
Mean  Loads 


Element  of  footing 

Division  5, 

dead  loads, 

unchanged. 

lb 

Division  6. 
one-half  of 
60%  of  as- 
sumed li\'e 
loads,  lb 

Division  7, 
one-half  of 
50%  of  as- 
sumed wind- 
loads,  lb 

Division  8. 

total  mean 

loads,  lb 

Side  walls  per  Hn  ft.... 

Columns  lands 

Colttmns  3,  3  and  4-  ■ .  • 
Chimney 

14000 

137500 
90000 
320  000 

2S20 

48000 
zoaooo 

500 

170JO 
xSssoo 
192000 
320000 

Table-columns  are  called  divisions  to  avoid  confusion  with  buQding-columns. 


Comparing  the  two  tables  it  will  be  seen  that  the  interior  columns  of  the 
building,  columns  3,  3  and  4,  had  originally  the  largest  percentage  of  Hve  loads 
plus  wind-loads,  and  have  consequently  suffered  the  greatest  reduction  in  the 
aiBount  of  total  load.  The  minimum  areas  of  support  for  columns  2,  3  and  4, 
and  also  for  the  other  elements  of  the  footings,  are  obtained  by  dividing  the 
total  assumed  loads  given  in  division  4,  Table  Jit,  by  8000,  the  allowable 
unit  load  in  pounds  on  the  foundation-bed.  The  resulting  areas  are  given  in 
division  9,  Table  V.  No  reduction  can  be  made  in  these  areas  without  exceed- 
ing the  limitation  that  the  most  disadvantageous  combinations  of  loading,  how- 
ever improbable,  shall  not  exceed  the  safe  unit  load.  The  adjustment  of  the 
areas  to  the  probable  mean  loading,  as  given  in  Table  IV,  the  table  of  mean 
loads,  must  be  accomplished  solely  by  increasing  the  sizes  of  certain  footings. 

If  we  divide  the  total  mean  loads  in  division  8,  Table  IV,  by  the  minimum 
areas  given  in  division  9,  Table  V,  we  will  get  the  mean  load  per  square  foot 
on  the  minimimx  areas  for  each  element  of  the  footing.  The  results  given  in 
division  10,  Table  V,  show  that  the  me&n  load  for  columns  2,  3  and  4  fe  only 
3  568  lb  per  sq  ft,  while  under  the  chimney  the  load  is  8000  lb  per  sq  ft.  As 
no  reduction  in  area  is  permissible  ft  is  necessary  to  increase  the  footings  under 
the  chimney,  side  walls  and  columns  i  and  5  until  the  mean  unit  load  corre- 
sponds to  the  mean  unit  load  for  columns  2,  3  and  5.  This  is  done  by  dividing 
the  mean  loads  given  in  division  8,  Table  IV,  by  3  568,  the  mean  unit  load  as 
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detcraiiied  for  cohimns  2,  3  and  4-    The  resulting  areas  are  given  in  division 
IX,  Table  V.  and  are  the  areas  which  should  be  used. 

The  metlKMl  ol  calculation  can  be  shortened  and  reduced  to  a  rule  as  follows: 
C^Hnpare  Table  IV,  the  table  of  mean  loads,  with  Table  III,  the  table  of  assumed 
toads,  and  find  the  element  of  support  which  has  suffered  the  highest  percentage 
of  reduction  between  the  total  assumed  load  and  the  total  mean  load,  and  note 
toe  corresponding  minimum  area  of  support  at  the  allowable  unit  load  on  the 
kHBidatioD-bed.  Divide  the  mean  load  for  the  same  element  of  support  by 
Uk  number  of  square  feet  in  the  minimum  area  of  support.  The  result  will  be 
t^  unit  load  for  mean  settlement.  Thoi  divide  the  mean  loads  for  each  ele- 
Dxnt  of  support  by  the  mean  unit  load.  The  results  will  be  the  required  areas 
S5  given  in  Table  V. 


Table  V.    Mean  Loads  on 

ifffiitmHm  Areas  and  Areaa  for  Mean  Ii^?adi 

BlementoficxAing 

Divimon  9. 

areas, 
sqft 

Division  10, 

mean  loads  on 

mininitim 

areas, 
lb  per  sq  ft 

DivWon  IT, 

areas  for  mean 

loads. 

sqft 

Side  walls  per  lin  ft 

3.0s 

37.3 
S3.8 
40.0 

SS80 
4986 
3568 
8000 

4.7 
SI.9 
S3.8 
89.7 

<^olttxnns  I  and  5 .  ...   

rnlimim  »,  3  a«d  4 

i^himney 

Tabk-cdBfluis  are  called  diy^ioQs  to  avoid  confusion  with  buJlding-cdumns. 

Or  the  mean  unit  load  may  be  deteimined  by  multiplying  the  attowable  unit 
bad  by  the  ratio  obtained  by  dividing  the  mean  load  for  the  element  of  sup- 
port having  suffered  the  highest  percentage  of  reduction  by  the  assmned  load 
ix  the  sanse  dement. 

Reeoltisg  Settlements.  The  following  Tables  VI,  VII  and  Vm  show  the 
c  fixparative  settlements  which  may  be  expected  if  the  supporting  areaa  are 
proportioned  in  accordance  with  different  assumptions  as  to  load.  In  aD  the 
tables  it  is  assnmfd  that  the  foundation-bed  will  settle  M  in  per  ton  of  load,  and 
that  the  total  assimied  load  will  never  load  the  foundation-bed  in  excess  of  4  tons 
per  sq  ft. 

In  Table  VI  the  footings  are  proportioned  in  the  ratio  of  the  dead  loads  only. 

In  Table  VII  the  footings  are  proportioned  in  the  ratio  of  the  total  ASSUMCb 

LOADS. 

In  Table  Vm  the  footings  are  proportioned  in  the  ratio  of  the  mean  loads. 

In  each  tables  (fivision  i  gives  the  dead  load  coming  on  the  footings  on  the 
completion  of  the  building.  IMviaon  2  gives  the  load  coming  on  the  footings 
when  the  building  is  subjected  to  the  maximum  probable  live  loads  and  wfnd- 
ioads.  Diviaon  3  gives  the  supporting  areas  in  accordance  with  the  assumed 
icKufing.  Division  4  gives  the  settlements  for  the  tmloaded  building.  Divi- 
son  5  gives  the  settlement  after  the  addition  of  the  maximum  probable  Eve 
hadh  and  wind-loads. 

TTflanafinn  of  Table  VL  The  method  of  proportioaing  the  areas  in  the 
ratio  of  dead  loads  only,  as  recoammended  by  C.  C  Sdmekicr*  nay,  in  the  form 
of  a  rule,  be  stated  as  foHows: 

*  See  article  on  the  Stnictuial  Design  of  Ihwidings,  Traos.  Am.  Soc  C.  £..  voL  S4i 
JuBc  1905. 
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Compaie  the  table-division  of  dad  loads*  Table  VI,  with  the  division  of 
assumed  live  loads,  find  the  element  of  support  which  has  the  highest  percentage 
of  live  kMds  to  dead  loads,  and  note  the  corresponding  minimum  area  of  support 
at  the  allowable  unit  load  on  the  foundation-bed.  Divide  the  dead  load  for 
the  same  element  of  support  by  the  number  of  square  feet  in  this  minimum  area 
of  support,  and  the  result  will  be  the  unit  load  due  to  the  dead  load  only.  Then 
divide  the  dead  loads  for  all  other  elements  of  support  by  this  unit  load,  and 
the  results  will  be  the  areas  required.  Thus,  in  Table  VI,  it  is  seen  by  referring 
to  Table  III  that  columns  2,  3  and  4  have  the  greatest  percentage  of  five  load 
to  dead  load,  and  their  minimum  area  of  support,  as  in  Table  V,  b  53.8  sq  ft. 
Then,  90  000  -1-  53.8 «-  i  675  lb,  the  unit  load  due  to  the  dead  load  only.  The 
area  for  columns  i  and  5  is  137  500  -•-  i  675  -  82.1  sq  ft  The  process  is  simi- 
lar for  the  other  elements. 


Probable  ■ettlement  where  supportior  areas  are  proportaofied  in  the  ratio  of 
dead  loads  only 

Element  of  footing 

Divisioii  X 

1 
Division  2  j  Division  3  Division  4 

Divisions 

Dead  loads 

only, 

lb 

Majdmum 

piobabte 

loads. 

lb 

Areas, 

sqft 

Settlements 

Empty, 
in 

Loaded, 
in 

Side  walls  per  lin  ft 

Columns  i  and  5 

Columns  2. 3  and  4 

Chimney 

14  000     *        20  040 
137  500           233  500 

90000     ,      294000 
320000           320000 

8.3          0.42 
82.1           0.42 
S3  8     ,      0.42 
191. 0          0.42 

0.60 
0.71 
1.36 

0.42 

Maximtwi  variation,  empty \  •      0.00 

Marimnm  variation,  loaded 1 

0.93 

Table<oluiniis  are  called  divisions  to  avoid  confusion  with  buiIding<olumns. 


The  calculations  for  settlements  are  readily  made,  when  the  amount  of  com- 
pressibility of  the  foundation-bed  is  known,  by  multiplying  the  unit  load  on  the 
foundation-bed  of  each  element  of  support  by  the  amount  of  compressibility  of 
the  foundation-bed  per  unit  of  load.  Thus,  in  the  above  example  the  amount 
of  compressibility  is  given  as  Vi  in  per  ton.  In  Table  VI  the  unit  loads,  due  to 
dead  loads  for  each  element  of  support,  are  the  same,  or  i  675  lb  «  0.838  tons 
per  sq  ft,  which,  multiplied  by  H  =  0.42  in.  Similarly,  the  unit  loads  due  to 
ynaTiniiim  probable  loads  for  each  element  of  support  are  determined,  and  these 
loads,  in  tons,  multiplied  by  one-half,  give  the  settlements  in  inches  as  given  in 
division  5  of  Table  VI. 

EzpUUBAtioii  of  Tftble  Vn.  The  areas  given  in  Table  VII  are  obtained  by 
dividing  the  total  maximum  dead  loads,  live  loads  and  wind-loads  by  the  al- 
lowed unit,  8  000  lb  per  sq  ft,  and  are  the  minimum  areas  given  in  Table  V. 
The  settlements  for  the  loaded  building  are  based  on  the  maximum  probable 
loads  as  given  in  division  2  of  Table  Vn. 
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Tkfele  VIL    Footiiici  Froportumed  in  the  lUtio  of  th«  Total  Asramed  Lcwds 


Probable  aetUement  where  supporting  areas  are  proportioned  in  the  ratio  of 
total  assumed  loads 

1 

Element  of  fiootiiig 

Division  i 

Division  2 

Division  3 

Division  4 

Divisions 

Dead  loads 

only, 

lb 

Mn^tr>itt¥i 

probable 

loads. 

lb 

Areas. 

sqft 

Settlements 

Empty, 
in 

Loaded, 
in 

Side  walls  per  Un  ft 

Catumns  i  and  5 

Cotomns  a.  3  and  4 

r^hiTt^tf^y              - 

14000 
137500 

90000 
320  000 

20040 
233500 
294000 
320  000 

3.1 
37-2 
53-8 

40.0 

1. 13 
0.93 
0.42 
2.00 

i.6x 
1. 57 
1.36 
2.00 

'  Maximum  variation,  loa 

pty 

1.S8 

0.64 

ded 

TaJUe-columns  are  called  divisions  to  av<»d  confusion  with  building-columnn. 
Table  VUL    Footings  Fropofdoaed  in  the  Ratio  of  the  Mean  Loads 


Ppobable  settlement  where  supporting  areas  are  proportioned  in  the  ratio  of 
total  mean  loads 

Division  1 

Division  2 

Division  3 

Division  4 

Division  5 

Element  of  footing 

Dead  loads 

only, 

lb 

Maximum 

probable 

loads. 

lb 

Areas, 
sqft 

Settlements 

Empty, 
in 

Loaded, 
in 

Side  walls  per  Unit 

nnlnmns  T  and  K.  -  ,  -  ^  -  - 

14000 
137  soo 

90000 
320  000 

20040 
233500 
294000 
320000 

4.7 
Si-9 
53.8 
89.7 

0.74 
0.66 
0.42 
0.89 

1.06 
1. 12 
1.36 
0.89 

Columns  2.  3  and  4 

Chimru^v           

VATi-mtim  variation. 

eiT 
loa 

ipty 

0.47 

0.47 

Mazlmum  variation. 

ded 

Table-columns  are  called  divisions  to  avoid  confusion  with  building<oIumns. 

Bzptai^tion  of  Table  Vm.  The  areas  in  Table  VIII  are  obtained  as 
already  explained  and  as  given  in  division  ix,  Table  V,  and  the  methods  used 
in  detennimng  the  settlements  are  similar  to  those  used  for  the  preceding 
tables.  In  Table  VIII  it  will  be  noted  that  columns  2,  3  and  4  have. a  settle- 
ment of  1.36  —  o»42  »  0.94  in,  as  a  result  of  the  addition  of  the  live  loads  and 
wind-loads.  Half  of  this  settlement  is  required  to  bring  these  footings  down  to 
the  levd  of  the  dumney-footing,  and  the  other  half  of  the  settlement  brings 
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them  below  the  chimney-footing.  There  b  no  way  to  ptevent  this  settlement 
of  0.94  in,  but  its  effect  on  the  building  b  reduced  to  a  minimum  by  having  the 
settlement  of  the  footings  of  columns  2, 3  and  4  start  above  the  chimney-footing 
and  finish  below  it.  The  chimney-footing  does  not  change  its  elevation  after 
the  completion  of  the  building,  and  compared  with  it,  the  variation  in  level  of 
the  other  footings  b  the  minimum.  In  their  mean  position,  half-way  in  their 
movement,  these  other  footings  will  be  at  the  same  level  as  the  chimnor-footing. 

tt.  Determiniiic  the  Sttpportmg  Areu 

General  Requirements.  In  la}ring  out  the  ameas  of  support  for  any  struc* 
ture  it  should  be  borne  in  mind,  as  previously  explained,  that  (i)  the  total  of 
the  dead  loads,  assumed  liv^  loads  and  assumed  wind-loads  should  not  load  the 
foundation-bed  in  excess  of  the  allowable  load  on  it;  (3)  when  the  foundation- 
bed  b  compressible  the  areas  of  support  should  be  calculated  by  the  method  of 
mean  loads;  and  (3)  the  center  of  gravity  of  the  supporting  area  should  coincide 
with  the  center  of  action  of  the  load  to  be  supported.  To  these  may  be  added 
a  further  condition  that  (4)  economy  will  be  furthered  by  keeping  the  support- 
ing areas  simple  in  outline  and  by  arranging  each  area  as  compactly  as  possible 
around  the  center  of  the  load  to  be  supported. 

(i)  The  first  condition  is  necessary  in  order  to  provide  that  no  possible  con> 
dition  of  loading  will  exceed  the  allowable  pressure  on  the  foundation-bed. 

(2)  The  second  condition  provides  for  making  the  settlements  of  different 
footings  as  nearly  equal  as  possible. 

(3)  The  third  condition  provides  that  the  settlements  of  each  footing  shall 
be  uniform,  that  is,  that  the  footing  shall  not  settle  out  of  level. 

(4)  The  fourth  condition  provides  for  economy  in  design  in  the  footing  itself 
and  for  economy  in  making  the  excavation  for  the  foodng,  especially  in  the  case 
of  deep  excavations  requiring  sheathing  for  the  protection  of  their  sides. 

In  the  case  of  a  free-standing  structure,  the  total  load  of  which  is  not  in  excess 
of  the  supporting  capacity  of  the  entire  area  of  the  building  at  the  safe  imit 
load  on  the  foundation-bed,  it  will  generally  be  possible  to  arrange  simple  sup- 
porting areas  whose  centers  will  correspond  with  the  centers  of  the  loads.  The 
disposition  of  such  areas  b  considered  in  succeeding  paragraphs  in  the  discus- 
sions of  Concentric  Loading.  In  buildings  having  restricted  sites,  where 
walb  or  columns  are  placed  close  to  adjoining  property-lines,  it  will  frequently 
be  impossible  to  arrange  for  simple  concentric  loadings  and  necessary  to  use 
offset  footings,  cantilevers  or  other  devices  to  transfer  the  loads  to  supporting 
areas  kxated  on  the  property.  Such  supporting  areas  are  discus.sed  in  succeed- 
ing paragraphs  relating  to  Eccentric  Footings. 

Footings  with  a  Concentric  Load.  In  order  to  have  the  load  on  the 
foundation-bed  uniform  under  a  looting  it  is  necessary  that  the  center  of  grav- 
ity of  the  supporting  area  should  coincide  with  the  center  of  gravity  of  the  load, 
otherwise  the  area  is  said  to  be  eccentrically  loaded  and  the  resulting  load 
on  the  foundation-bed  will  not  be  uniform.  Any  variation  in  the  loading  of  a 
compressible  foundatfon-bed  under  a  footing  will  result  in  an  unequal  settlement 
of  the  footing  and  thb  in  turn  will  result  in  unequal  stresses  in  the  wall,  pier,  or 
column  supported  by  the  area. 

WaU-feotiags  with  Concentric  Load.  In  the  case  of  a  wall,  the  footing 
aboiitd  project  an  equal  distance  on  each  side  so  that  the  center  of  gravity  of 
the  supporting  area  will  coincide  with  the  center  of  gravity  of  the  wall  and  of 
the  loads  transmitted  by  the  wall.  The  width  of  the  supporting  area  should 
vary  with  the  load  on  the  wall,  irrespectively  of  any  change  m  the  thickness  of 
IhevaU 
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Footfac  for  •  CoBMatriB  Isolated  Load.  In  the  case  of  a  sncns  con* 
cimaAisD  lOAO,  as,  (or  example,  a  load  from  a  columk  or  Pi£a,  the  footing 
may  be  cnecoiAB,  square,  kbctangulas.  or  irregulak  in  outline,  but  the 
ceata  ci  gravity  of  the  area  must  ooiocide  with  the  center  of  gravity  of  the  load. 
Tbeoxetically  the  circular  shape  gives  the  most  economical  footing,  as  the 
siipporting  areas  extend  radially  the  least  possible  distance  from  the  center  or 
axis  of  the  load.  Where  deep  excavation  is  necessary  the  circular  form  may 
leod  itself  to  an  ecoDomical  method  of  excavation,  as,  for  example,  when  cylin- 
drical piers  are  sunk  by  the  pneumatic  method  or  by  dredging.  In  general, 
hofrever,  for  oidinaiy  footings  the  rectangular  poRif  is  preferable,  is  that  it 
kads  itsdf  to  an  economical  arrangement  of  grillage-beams.  The  square  b 
the  most  economical  rectangle  as  the  sum  of  I 
the  bending   movements  in  the  grillage  and      -V''^^ — fnr^vt^'Uae B^ 


1 


J. 


bolsters  is  reduced  to  a  minimum.  "  T 

w 
Elongated  Supporting  Areas.    When  the  I 

scpporting  area  for  an  isolated  load  cannot  be      '^-^ 

cade  a  drde  or  a  square,  for  example,  when        '^ 

tkc  square  or  the  drde  would  overlap  an  ad-   pig.    3,     Elongated    Supporting 

;■  jining  property-line  or  interfere  with  an  ad-  Area.    Concentric  Load 

j'noiog  supporting  ansa,   the  necessary  area 

Buy  fieqiM&tly  be  made  rectangular  in  form,  as  ABDC  (Fig.  8),  having  a 

midth  MS    twice  the  distance  a  between  the  center  of  the  load  O  and  the 

&mitaigBne./4B. 

The  reqtxired  length  I  equals  the  required  area  divided  by  v  and  the  area 
ihould  be  oeatered  on  O,  that  is,  h  must  equal  k. 

Combinations  of  Simple  Areas.  Two  Adjacent  Isolated  Areas.  When 
adjoining  supporting  areas  overlap  or  when,  for  other  reasons,  if  is  desirable  to 
combine  adjacent  footings,  the  best  arrangement  may  be  obtained  as  follows: 
Knowing  the  supporting  area  required  for  each  of  two  adjacent  concentrated 
i>.ads  and  the  distance  between  the  centers  of  the  loads,  the  sum  of  the  two 
areas  should  be  divided  by  twice  the  distance  between  the  load-centers.  The 
Q  jutient  will  be  the  width  or  the  dimension  of  the  required  rectangle  of  sup- 
port taken  at  right-angles  to  the  line  connecting  the  load-centers;  and  the 
ether  dimension  of  the  rectangle  will  be  twice  the  distance  between  the  load- 
centers.  The  center  of  the  area  should  be  placed  so  as  to  coindde  with  the 
center  of  gravity  of  the  two  loads,  when  it  vnll  be  found  that  each  load  will 
be  coocentiic  with  its  own  area  of  support,  "^liere  a  row  of  columns  requires 
areas  which  nearly  overlap,  the  combination  of  the  areas  frequently  residts  in 
economy  in  excavation  and  form-work. 

Soppertliic  Area  for  a  Concentrated  Lead  in  the  line  of  a  Wall. 
If  one  or  more  concentrmted  loads  are  carried  in  the  line  of  a  wall  the  additional 
st-ppOBTiNG  AREAS  required  for  sudi  concentrated  bad  may  be  provided  in 
titha  of  two  ways. 

(i)  If  the  concentrated  loads  rest  on  the  wall,  as,  for  example,  when  the  wall 
supports  the  ends  of  girders  and  when  the  conditions  are  such  that  the  con- 
centrmted loeds  are  distributed  along  given  lengths  of  it,  then,  all  that  is  neces- 
laiy  is  to  increase  the  width  of  the  footing  for  the  given  lengths  sufBdently  to 
provide  for  the  total  of  the  unMormly  distributed  and  concentrated  loads. 

(a)  If  a  concentrated  load  is  on  the  center  line  of  the  wall  but  cannot  be  d!s- 
tiibttted  by  the  wall,  as  when  a  considerable  load  is  carried  l^  a  pier  or  column 
to  the  levd  of  the  footings,  then  one-half  the  additional  area  for  the  concentrated 
kttd  should  be  placed  on  dther  side  of  the  wall-footing,  so  that  a  line  connecting 
thecentcfiof  the  two  areas  will  pass  through  the  center  of  the  loa(L    Ingenetal, 
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Fig.  4.  Square  Supportingi 
Area.  Wall  and  CoDcentrict 
ladatedLoad 


Fig.  5.  Square  Supporting 
Area.  Wall  and  Eccen- 
tric Isolated  Load 


it  is  desirable  that  the  additional  areas,  together  with  the  area  for  the  waQ  lying 

between  them,  should  appsoximate  a  square'.    Knowing  the  width  of  the 

looting  required  to  support  the  wall  and  the  additional  area  required  to  support 

the  concentrated  load,  the  length  of  the  side  of  the 

required  square  can  be  determined  by  the  following 

fonnuhi  (Fig.  4): 

Let  tp  -  the  width  of  the  footing; 

ii  a  the  area  required  to  support  the  caDceo* 

trated  load; 
/»  the  side  of  the  square  which  will  support 
a  length  of  wall  equal  to  /,  and  also 
provide  an  additional  area  equal  to  A, 
Then 

Sttpportiiig  Area  for  Concentrated  Load  not  in  the  Center  Line  of  a 
Wall.  The  same  additional  supporting  area  is  required  for  this  as  for  a  con- 
centrated load  on  the  center  line  of  a  wall,  but  the  total  area  must  be  divided 

unequally  between  the  two  sides  of  the  wall-footing,  

the  larger  portion  being  placed  on  the  side  of  the 

eccentric  load.    The  simplest  way  to  determine  the 

location  of  the  supporting  areas  for  this  combination 

is  to  determine  the  size  of  the  required  square  as  if 

the  concentrated  load  were  concentric  with  the  center 

line  of  the  wall.    The  next  step  b  to  calculate  the 

load  due  to  the  wall  for  the  length  of  this  square  and 

determine  the  location  of  the  center  of  gravity  of  the 

combined  loads,  that  is,  the  center  of  gravity  of  this 

wall-load  and  the  concentrated  load.    The  center  of  the  supporting  area  is  then 

placed  concentrically  with  the  center  of  gravity  of  the  combined  loads.     In 

Fig.  5  let 

w  »  the  required  width  of  the  wall-footing; 

O  »  the  concentrated  load; 

4  -  the  area  required  for  the  support  of  the  concentrated  load.    Then, 
as  before,  the  length  of  the  side  of  the  required  square  will  be 

The  center  of  gravity  of  the  wall-load  contained  between  the  lines  AD  and 
BC  is  at  g,  and  the  amount  of  the  load  is  evidently  the  load  per  foot  multiplied 
by  the  distance  AB-^f,  Knowing  the  position  and 
amount  of  the  loads  at  O  and  f  ,  the  center  of  gravity 
of  the  combmed  loads  is  determined,  say  at  G,  This 
fixes  the  center  for  the  square. 

Supporting  Area  for  a  Concentrated  Load  on 
the  End  of  a  Wall.  A  somewhat  different  treatment 
is  required  for  this,  but  the  supporting  area  may  be 
best  determined  as  follows  (Fig.  6):  Knowing  the 
width  w  of  the  footing  required  for  the  support  of  the 
wall,  the  additional  area  required  for  the  concentrated 
load  0  and  the  distance  P  from  the  cei^ter  of  the  concen- 
trated load  from  the  end  of  the  wall,  proceed  in  this  way.  Determine  the  square 
whose  area  corresponds  to  the  sum  of  the  areas  required  for  the  support  of 
the  concentrated  load  and  for  a  lenijth  of  wall  equal  to  twice  the  projection  of  the 
wall  b^rond  the  center  of  the  concentrated  load.    Plot  this  square  A  BCD  on  the 
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Fig.  6.  Square  Support- 
ing Area.  Isolated  Load 
on  End  of  Wall 


Offset  Footings  163 

JDcndation-iJan  and  also  the  total  area  required  for  the  support  of  the  wall. 
The  square  A  BCD  includes  an  area  sufficient  for  the  support  of  the  concentrated 
k^  azMl  for  a  section  of  the  wall  EFGH  corresponding  to  a  length  of  wall  equal 
to  twice  the  projection  P,  multiplied  by  the  width  of  the  footing.  It  is  evident 
that  the  area  KEHR  b  loaded  both  by  the  wall  and  the  concentrated  load;  in 
other  words,  that  the  square  A  BCD  is  too  small  by  the  amount  of  the  rectangle 
KEHR.  The  required  square  LMNO  will  be  approximately  the  square  which 
viD  contain  the  original  area  A  BCD  plus  the  area  KEHR,  plus  twice  the  area 
JKRQ.  The  length  of  the  side  LM  -  MN  will  be  approximately  the  length 
of  the  odgiDal  square  plus  one-half  of  the  area  KEHR  divided  by  the  length 
of  the  ongtnal  square.  The  resulting  square  should  be  moved  from  the  posi- 
tion shown  on  the  drawing  so  that  its  center  coincides  with  the  center  of 
gravity  of  the  combined  concentrated  load  and  the  wall-load  back  as  far  as  the 
square  goes  on  the  wall.  A  further  approximation  may  be  necessary  where 
accuracy  is  required.  The  hnal  result  should  be  that  the  area  of  the  square 
LMSO  should  be  sufficient  to  support  the  concentrated  load  0  and  that  portion 
of  the  wall-load  JFGQ  resting  on  the  square,  and  that  the  center  of  gravity  of 
the  square  should  coincide  with  the  center  of  gravity  of  the  combined  loads. 

17.  Offset  Footiiigs 

Supporting  Areas  for  Non-Concentric  Loads.  When  walls,  columns,  or 
piers  are  placed  close  to  property-lines  the  required  supporting  areas  cannot 
be  pbced  concentrically  with  the  loads  without 
o\*arlappizis  the  property-lines.  In  such  cases 
recourse  must  be  had  to  some  method  which  will 
tmnsfer  the  loads  to  supporting  areas  not  con- 
rentric  with  the  loads.  An  attempt  to  accomplish 
thk  result,  the  method  known  as  offsetting  the 
FOOTING  has  been  largely  used,  especially  for  side 
Tills  adjoining  property-lines.  While  theoreti- 
cally faulty,  if  not  useless,  it  is  indisputable  that 
OTTSET  FOOTINGS  have  generally  served  the  pur- 
pose for  which  they  were  designed.  In  the  tyi»cal 
construction  a  cellar  wall  rests  on  a  course  of  con- 
crete or  of  flat  stones  forming  a  footing  course 
considerably  wider  than  the  wall,  the  projection 
being  entirely  on  one  side  of  the  wall.  The  load 
acting  on  one  side  of  the  center  of  the  footing 

ioaxk  the  supporting  area  imequally.  The  vary-  Fig.  7.  Offset  Footing.  Vary- 
on;  LOAD  on  the  supporting  area  can  be  calculated  ins  Pressure  on  Foundation- 
as  follows:    In  Fig.  7  let  l>«d 

W  »  the  total  load  per  unit  of  length  coming  on  the  supporting  area; 
U  —  the  eccentricity  of  load,  that  is,  the  distance  between  the  center  of 

the  bad  and  the  center  of  the  supporting  area; 
L  *  the  width  of  the  footing  -  the  width  of  the  supporting  area  -  i4B; 
K\  *  the  unit  load,  or  pressure  on  the  foundation-bed  at  A,  the  edge  of 

the  footing  nearest  the  load; 
JTs  >-  the  unit  load,  or  pressure  on  the  foundation-bed  at  B^  the  edge  of 
the  footing  farthest  from  the  load; 
y  —  any  ordinate,  from  i4  to  ^. 

Then  the  average  pressure  on  the  foundation-bed  will  evidently  be  W/L. 
Tl^  pressure  at  if,  the  edge  nearest  to  the  point  of  application  of  the  load,  will 
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be  JTi  •>  tr/JL  (i  +  6  VlV)^  or  the  itAxmtnc  load  will  equal  the  average  load 
plus  six  times  the  average  load  multiplied  by  the  ratio  of  the  GpCENTSidTY 
divided  by  the  width  of  the  footing.  ' 

Similarly,  the  pressure  at  B,  the  edge  farthest  from  the  point  of  application 
of  the  load,  will  be  JTs  «>  WfL  (i  -  6  £//L),  or  the  mmiftnc  load  equals  the 
average  load  minus  six  times  the  average  load  multiplied  by  the  ratio  of  the 
eccentricity  divided  by  the  width  of  the  footing. 

When  the  eccentricity  equals  M  the  width,  the  pressure  at  B  becomes  2efx>. 
If  the  eccentricity  exceeds  H  the  width  there  will  be  an  uplift  at  B,  or  the  foot- 
ing will  have  a  tendency  to  overturn.  This  relation  is  generally  expressed  by 
sajring  that  to  avoid  an  upward  reaction  the  center 
line  of  the  load  must  fall  within  the  middle  thxad 
of  the  base. 

Load-Diagrams  for  Offset  Footings.  If  in  the 
diagram  (Fig.  8)  the  figure  ADEC  represents  the 
load-diagram  on  the  foundation-bed  for  a  width  of 
footing  AD  and  the  load  AC  is  the  maximum  per- 
missible load,  then  the  area  ADEC  represents  the 
maximum  support  afforded  by  the  footing  AD.  If 
the  width  is  increased  until  the  load  falls  on  the  limit 
of  the  middle  third  or  to  the  width  AB,  then  the 
load  at  B  is  zero  and  the  support  is  represented  by  the  triangle  ABC,  the 
area  of  which  is  less  than  the  area  ADEC.  Moreover,  if  the  width  of 
the  footing  is  reduced  until  its  center  is  concentric  with  the  load-center,  then 
the  load-diagram  becomes  AFGC,  the  area  of  which  is  greater  than  either  ABC 
or  ADEC.  From  the  foregoing  it  is  evident  that  any  advantage  gained  by 
offsetting  the  footing  must  be  obtained  at  the  cost  of  concentrating  the  support 
given  to  the  wall  away  from  the  center  line  of  the  wall. 


Fig.  8.    Pressure-diagrams 
for  Footings 
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Fig.  9  Fig.  10  Fir.  II  Fig.  12 

Figs.  9,  10  and  11.    Eccentric  Loading  and  Tendencies  to  Failure  Dae  to  Offset 

Footings;  Fig.  12.    Improved  Type  of  Constructbn 

^  Eccentric  Loading  Doe  to  Offset  Footings.  In  Fig.  9,  lepresanting  a 
simple  case  of  eccentkic  loading  due  to  oppset  footings,  the  load  on  the 
foundation-bed  at  £  is  perhaps  twice  the  average  load  and  at  P  about  zero. 
Under  these  conditions  the  projecting  portion  of  the  fooUog  may  shear,  as  iidi- 
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cited,  along  tbe  fine  DG,  If  it  does  not  Abetf  tfid  If  tfa««e  I0  ftflf  Mtdwiiiit 
dss  to  the  load,  the  settlement  will  be  unequal  and  the  footing  cduiae  will  tend 
tc  rotate  into  the  position  shown  in  Fig.  10.  The  entire  load  will  then  be  txauh 
ashted  tfaioagfa  the  inner  lower  comer  Z>  of  tbe  cellar  wall,  rendfeHi^  the  wall 
^T'Oable  and  devebping  a  tendency  to  move  in  the  direction  H. 

The  cellar  wall  may  successfully  resist  this  tendency  by  its  <nrtL  rigidity 
c.-dsted  by  tbe  first-floor  beams  acting  as  ties  or  by  the  external  resistance 
zJoided  by  an  abutting  wall  or  bank  of  earth,  or  it  may  partially  or  oompletely 
fail,  developing  a  horizontal  crack  as  indicated  in  Fig.  11  at  7. 

In  thb  fiigure  it  will  be  noted  that  the  base  of  the  wall  itself  is  offset.  This 
U  done  to  prevent  the  separate  rotation  of  the  footing  course;  but  thU  con- 
struction does  not  diminish  the  tendency  to  kotation  of  the  entire  bAse  of 
the  wall  and  to  the  formation  of  a  crack  at  7. 

An  improved  type  of  construction  is  illustrated  in  Fig.  12;  in  which  the  door- 
beams  are  anchored  into  the  wall  and  the  cellar  wall  has  a  continuous  stepped 
batter  from  the  level  of  the  footing  up  to  the  level  of  the  beams.  The  beams 
«bDuid  evidently  be  arranged  as  tension-members,  should  run  across  the  build* 
xg  and  should  be  anchored  in  the  opposite  wall.  While  this  method  may  have 
>jioe  effect  it  is  of  doubtful  efficacy  and  shoold  never  be  used  for  pieis. 

18.  The  Use  of  Cantilevers  in  Foundations* 

Application  of  the  Principle  of  the  Lever.  The  use  of  the  cantilever, 
i-  transferring  a  load  to  a  supporting  area  not  concentric  with  the  load,  is  based 
pon  the  principle  of  the  lever  and  involves  a  girder  or  cantilever  connecting 
the  two  loads,  and  a  supporting  area  or  areas  the  center  of  action  of  which 
1  .>>  between  the  two  loads.  Part  or  all  of  the  load  on  one  side  counterbalances 
\hc  load  on  tbe  other  side  of  the  center  of  the  supporting  area. 

DorttatiTe  Saample.  If  an  exterior  cohimn  A  (Fig.  13)  carrying  a  load  of 
po  tons  and  requiring  100  sq  ft  of  sup^rting  area,  at  4  tons  per  sq  ft,  the  column- 
center  bdn^  18  in  from  a  propcrty-Knc  PP  which  forms  the  limit  of  the  building 
pk»t  it  is  evidently  imiiractickl  to  employ  a  concentric  footing  3  by  33H  ft  for 
.ts  support.  If,  however,  a  sufficient  counterweight  can  be  found  in  the  shape 
'J  an  adjacent  interior  column-load,  as  at  £,  the  exterior  load  can  be  trans- 
ferred by  a  girder  or  cantilever  construction  CDEP  to  a  supporting  area  UN 
b'ios  between  the  two  loads,  and  entirely  within  the  limits  of  the  property. 

In  Fig.  13  let  PP  represent  the  property-line,  A  the  center  of  the  load  on 
D>lumn  A,  and  B  the  center  of  the  load  on  column  B,  Let  the  load  on  ^4  be 
400  toos»  on  B,  200  tons  and  the  distance  AB  between  centers,  20  ft.  Assume 
that  a  rigid  girder  CDEP  supports  and  connects  the  two  columns.  If  now  a 
iTLCRnt  or  point  of  support  G  is  provided  for  the  girder  at  some  point  between 
A  and  B,  the  load  on  that  point  can  be  readily  determined  from  the  principle 
or  THE  lEVCR  by  multiplying  the  load  on  A,  400  tons,  by  the  distance  AB, 
90  ft,  and  dividing  the  product  by  the  distance  BG,  19  ft;  or,  the  load  on 
G  «  400  X  20/19  -*  431  tons  4 .  The  area  required  for  the  support  of  this  load, 
at  4  tons  per  sq  ft,  is  431/4  -  losH  sq  ft.  The  uplift  at  B,  or  the  part  of  the 
feed  B  required  to  counterbalance  the  overhanging  load  A  Is,  from  the  principle 
of  the  lever,  the  product  of  the  load  A  by  the  lever-arm  AG  divided  by  the  Icver- 
snn  BG.  The  load  on  the  footing  for  £  is  the  difTerenoe  between  the  original 
load  and  the  uplift;  but  in  view  of  the  possibility  of  a  reduction  in  the  load  Af 
which  would  decrease  the  uplift  at  B,  it  b  well  to  provide  for  a  possible  hiciease 
is  the  load  B, 

*  See,  also.  Chapter  XDC,  pages  678  to  680,  for  an  exsmpleof  a  CootintRntt  Girder  fai 
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Dotermiiuitloa  of  fhe  Atm  of  Support  In  detenmmng  the  area  ow 
SUPPORT  for  A,  having  aiwnniid  one  dimension  of  the  supporting  area  to  be 
twice  the  distance  GP,  or  say  5  ft,  the  other  dimension  will  be  lOSH  sq  ft/5  —  2x 
ft  H  in-    If  the  length  21  ft  H  in,  as  determined,  b  found  to  be  excessive,  then 


Fig.  18.    Cantilever  FoundaticMi-construction 

the  point  G  must  be  moved  to  the  left  and  the  corresponding  length  of  the  sup- 
porting area  must  be  determined  as  before.  When  the  length  of  the  supporting 
area  for  the  fulcrum  of  the  cantilever  is  limited,  so  that  the  length  parallel  to 
the  property-line  is  fixed,  the  width  of  the  area  can  be  determined  experimentally 
or  by  the  use  of  the  formula 

X- (£-»)- V(Z  +  ff)«- 2  JVL/AS 
in  which 

L  >-  the  distance  between  centers  of  the  two  loads; 
W  -  the  load  nearest  to  the  property-line; 
/  -•  the  length  of  the  supporting  area; 
S  ->  the  unit  load  on  the  supporting  area;  and 

»  -  the  distance  between  the  center  of  action  of  the  load  to  bs  cantilcvered 
and  the  edge  of  the  supporting  area  nearest  to  the  property-line. 

If  the  position  of  the  center  of  gravity  of  the  load  A  combined  with  that 
part  of  the  load  on  B  which  is  borne  by  the  cantilever  is  determined,  it  will  be 
found  to  coincide  with  the  fulcrum  or  point  of  support  G  of  the  cantilever,  thus 
demonstrating  that  the  use  of  the  cantilever  provides  a  means  of  combining 
two  loads  so  that  their  center  of  gravity  falls  on  the  center  of  a  supporting  area 
not  concentric  with  either  load. 

The  Orillage  Fislcram.  Of  course  in  practice  the  knipe-edge  pxiijCRUic 
shown  in  the  diagram  is  not  used.  The  bottom  flange  of  the  girder  fonning 
the  cantilever  rests  on  the  distributing  grillage  directly,  as  is  shown  in  Fig.  14, 
which  may  be  considered  a  typical  arrangement. 

The  Girdering-Method  for  Two  Bqual  Lomds.  When  it  is  desirable  to 
■upport  two  or  more  adjacent  concentrated  loads  on  a  single  supporting  area 
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the  method  called  girdering  b  employed.  In  the  case  of  two  concentrated 
loads,  let  A  and  B  (Fig.  15)  represent  two  columns.  Let  W\  represent  the  load 
on  A  and  Wt  represent  the  load  on  B,  Let  D  represent  the  distance  between 
the  centers  of  the  two  loads.  Let  G  represent  the  center  of  gravity  of  the  com- 
bbed  loads.  Let  r  represent  the  allowable  unit  load  on  the  foundation-bed. 
Tbe  required  area  of  support  will  be  iWi  +  H^i)/f  •    This  area  may  be  of  any 


Fis-  1^    Cantilever  Foundation.    GnUage  Fuknun 

desired  5hai>e,  provided  that  its  center  of  gravity  coincides  with  the  center  of 
gravity  of  the  combined  loads  at  G.  In  general,  however,  the  most  economical 
arrangement  will  result  when  each  load  is  as  nearly  as  possible  over  the  center  of 
gravity  of  its  own  required  area.  If,  however,  this  is  impracticable,  as  for 
example,  when  either  column  is  near  a  property-line  or  an  adjoining  footing,  it 
vin  be  necessary  to  distribute  the  loads  of  both  columns  over  the  area  lying  be- 
tween the  two  columns.  In  the  case  of  two  columns  equally  loaded,  as  in 
Fig.  15,  the  distance  if,  from  the  center  of  column  ^4  to  the  property-line  PP, 
detennines  the  maxiinum  allowable  extension  beyond  column  A.  The  dimen- 
aoQs  of  the  axea  are  obtained  by  making  the  kiigth  L  of  the  footing  equal  to 
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the  distance  P  between  the  colamns  plus  twice  the  extension  u.    Knowing  the^ 
length  of  the  required  area  the  width  w  is  determined  by  simple  division. 

The  Girdering-Method  for  Two  Unequal  Loads.  In  the  case  of  oohimns 
not  equally  loaded,  the  supporting  area  may  be  a  trapezoid,  as  in  Fig.  16, 
the  center  of  gravity  of  which  must  coincide  with  the  center  of  gravity  of  the 
two  loads.    Knowing  the  sum  of  the  two  loads  and  the  required  area  for  their 
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Fig.  II.    Girderins-metbod  of  Foundations.    Two  Equal  Loads 


support,  and  fixing  the  total  length  L  of  the  footing  in  accordance  with  the 
requirements  that  the  footing  shall  not  project  beyond  the  line  PP,  the  widths 
of  the  footing  at  the  small  and  large  end,  a  and  b  respectively,  can  be  determined 
as  follows:  Let  B  represent  the  distance  from  the  small  end  of  the  trapezoid  i 
to  the  center  of  gravity  of  the  two  loads  and  let  A  represent  the  area  of  the 
trape2soid.    Then  ' 

and 


1089 


a-ail/z(a-.3B/L) 
Amia+b)L/9   and   a'^bm2A/L        . 
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GmtileTcriiiff  an  Eztoior  Wall.  In  the  case  of  a  wall  the  same  prmdplea 
tpply.  but  the  cantilevering  effect  mast  be  distribated  along  the  length  of  the 
wilL  TUb  can  be  accomplished  by  pladng  a  girder  under  the  wall,  the  girder 
ic  txsn  restmg  oa  the  cantilever,  or  by  using  a  number  of  cantileven  arranged 

R 


Fig.  16.    Gildering-metbod  of  Foundations.    Two  Unequal  Loads 

Is  fan  shape  and  radiating  from  the  mterior  load-center.    In  narrow  buildings 
the  cantiievcfs  may  run  from  wail  to  walL 

Doable  Cantflerering.  The  considerations  controlling  the  design  of  the 
Bipporting  areas  required  are  the  same  as  outlined  in  the  preceding  paragraphs. 

If.  Stresses  In  Footing  Courses 

Size  and  Form  of  Footing  Courses.  The  footing  courses  of  all  walls  and 
r^ers  should  be  larger  than  the  superimposed  construction  in  order  to  secure 
STABILITT  AGAINST  OVERTURNING  and  to  reduce  the  UNIT  LOAD  on  the  founda^ 
ticQ-bed.  When  the  change  in  size  is  accomplished  abruptly  as  when  a  wall 
rests  on  a  grillage  or  a  slab  of  plain  or  reinforced  concrete  the  footing  is  called 
a  snEAJ>  voonNO.    When  the  base  of  the  wall  is  thickened  by  means  of  offset 
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oonzBes  ao  that  its  bottom  oouise  is  substantially  as  lazge  as  the  footing  Gouxse 
the  construction  is  known  as  a  stepped  pootino.  It  is  evident  that  no  faaxd 
and  fast  line  can  be  drawn  between  the  two  classes.  Whatever  the  form  of  the 
footing  is  it  must  be  strong  enough  to  distribute  the  more  or  less  concentzated 
load  coming  on  it,  into  a  imiform  pressure  or  load  on  the  foundation-bed. 

Tbe  Unit  Loads  of  Footing  Conrses.  If  the  load  on  the  upper  surface 
of  a  footmg  course  b  uniformly  distributed  the  intensity  of  the  load,  or  in  other 
words  the  unit  load  on  the  pooting,  is  obtained  by  dividing  the  total  load  by 
the  area  of  the  base  of  the  wall,  pier,  or  other  construction  at  that  level.  The 
load  on  the  foundation-bed  should  be  xtntpouily  distributed  and  in  fact,  if 
the  foundation-bed  is  compressible  and  the  load  concentric  with  the  supporting 
area,  it  may  safely  be  assumed  as  imiform,  since  a  compressible  material  will 
adjust  itself  until  the  loading  at  different  points  is  substantially  uniform.  The 
unit  load  on  the  foundation-bed  b  evidently  the  total  load  divided  by  the  sup- 
porting area.  If  the  area  of  the  footing  course  varies  between  the  top  and  bot- 
tom of  the  footing  the  intensity  of  the  load  will  vary,  and  if  uniformly  distributed, 
the  unit  load  at  any  level  is  obtained  by  dividing  the  total  load  by  the  area  of 
the  footing  at  that  level. 

Th«  Weight  of  the  Footing  Itself.  This  is  generally  so  small  when  com- 
pared with  the  superimposed  loads  that  it  may  be  ignored  without  serious  error. 
The  Transmitting  of  Loads  by  Footings,  If  we  neglect  the  weight  of 
the  footing  we  can  consider  the  footing  course  as  transmitting  the  imposed  load 
to  the  foundation-bed  or  as  being  subject  to  two  equal  loads;  one,  the  super- 
imposed LOAD,  more  or  less  concentrated  on  the  center  line  of  the  footing  and 
acting  downward;  the  other,  the  reaction  due  to  the  loading  of  the  foundation- 
bed  uniformly,  distributed  over  the  supporting  area  and  acting  upward.  These 
loads  or  forces  being  equal  and  opposite  in  direction,  the  stresses  developed  in 
the  footings  are  due  to  the  differences  in  the  distribution  of  these  loads,  and 
the  footing  courses  simply  act  to  convert  concentrated  into  distributed  loads. 
Manner  of  Failure  of  Footings.  A  footing  may 
fail  in  several  ways:  (i)  by  shearing;  (a)  by  direct 
crushing;  (3)  by  spreading;  and  (4)  by  bending 
orRUPTxniE. 

(i)  Failure  of  Footings  by  Shearing.  This  is 
illustrated  in  Fig.  17,  showing  a  wall  the  weight  of 
which  has  caused  it  to  shear  along  the  lines  EG 
andFH. 

The  force  tending  to  cause  shear  is  the  wdght  due 
to  the  wall  less  the  reaction  of  the  foundation-bed  act- 
ing on  the  imder  side  of  the  section  EFGB.    Since  the 
load  is  supposed  to  be  uniformly  distributed  this  is  equivalent  to  the  product 
of  the  area  corresponding  to  the  width  CD  minus  the  width  GH  times  the  length 
of  the  wall  considered,  by  the  unit  loading  on  the  foundation-bed. 
For  a  i-ft  length  of  wall  the  force  causing  shear,  5,  is 

in  which  TK  «  the  load  due  to  wall  per  foot  of  length  in  pounds; 
/  «  the  width  of  footing; 
w  «  the  width  of  base  of  wall. 
Or,  ^ce 

W/l  m  U^mtbe  unit  load  on  the  foundation-bed  in  pounds  per  aquaie  foot, 
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Fig.  17.    Failure  of  Footing 

by  Shearing 
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Sace  27  B  in  terms  of  feet,  /  and  w  also  must  be  in  feet  The  resistance  to  shear, 
1.  under  the  conditions  illustrated  in  Fig.  17,  taken  for  a  i-ft  length  b  of  the 
uO,  is  di^ermined  by  the  equation 

R''2XdXbXf 

a  which  /»  the  safe  resistance  of  the  material  to  shear,  in  pounds  per 

square  inch; 

d  a  the  depth  of  the  footing  in  inches;  and 

b  ->  the  length  of  wall  considered  ->  12  in. 
Pladng  5  -  ^  we  have 

•>,  since  (?  —  v)/2  ■■  the  projection  of  the  footing 

UP-'12df 

The  depth  of  the  footing,  therefore,  must  not  be  less  than 

d'- UP/12  f 
n  Tfaich  P  is  in  feet. 

Shear  in  Footiiiga  of  Piers  and  Celtumu.  Failusb  by  SHEAR  is  most  likely 
vj  occur  in  footings  for  piers  and  oolimms.  The  ro&CE  tending  to  cause 
sSLAM  is  the  total  load  on  the  colimm  or  pier  less  the  reaction  of  the  foundation- 
.«d  OQ  the  area  immediately  under  the  column-base.  The  resistance  offered  is 
i^etennined  by  multiplying  the  perimeter  of  the  column-base  by  the  depth  of  the 
looting  and  by  the  allowable  unit  shear.  When  the  area  of  the  column-base 
0  smaO,  the  entire  load  may  be  taken  as  producing  shear.  When  reinforced 
xixrrte  is  used  for  the  footing,  there  must  be  a  sufficient  nimiber  of  stirrups  to 
:ake  care  of  the  shear.  (See  Chapters  XXIV  and  XXV.)  Where  steel  beams 
re  employed  the  cross-section  of  the  beams  must  be  sufficient  to  take  care  of 
'it:  shev,  otherwise  additional  web-plates  should  be  added,  as  is  explained  in 
Oaptets  XV  and  XX. 

(2)  Failiire  of  Footings  by  Direct  Crushing.    The  failure  of  footings 
:jy  uncECT  CKUSHING  of  the  materials  composing  the  footings  rarely,  if  ever, 
ccuis.    Where,  however,  the  concentrated  load,  due  to  a  pier  or  colunm,  is 
istributed  by  beams  or  girders  which  have  thin  webs,  the  webs  may  fail  by 
trczLZMG.   Such  beams  or  gird- 
as  should  have  their  webs  re- 
xioroed  by  vertical  stitteness 
j€  by  additional  web-plates,  and 
ibe  spaces  between  the  beams 
ur  girders  should  be  filled  with 
concrete  or   grout.    Where  the 
oad  transnitted  by  the  column- 
base  exceeds  the  SEife  unit  load 
OQ  the  material  of  the  footing 
tbe  area  of  the  column-base  may 
be  increased,  or  a  block  of  granite 
miy  be  interposed  between  the 
concrete  or  masonry  footing  and 


the  base  of    the  columns.     In         pig.  ig.    Failure  of  Footing  by  Spreading 
UBS  case,  however,  such  gramte 

blocks  should  be  considered  as  a  footmg  course  and  designed  to  resist  bend- 
ing, by  formulas  hereinafter  given. 

(3)  FaUiire  of  Footings  by  SprMding.    Failure  of  the  footings  by  spread- 
]»o  may  occur  under  walls  or  piers*  as  shown  in  Fig.  18,  especially  when  the 
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fomdiktkm'jsed  is  of  day  or  other  yidding  material,  which  has,  under  the  load 
of  the  footing,  a  tendency  to  vlow  along  the  lines  inriicntod  by  arrows  in  the 
figure.  This  tendency  should  be  provided  sgainst  by  making  the  bottom  layer 
continuous  and  adequate  to  resist  the  tension.  Vertical  joints,  such  as  are 
made  in  footings  composed  of  masonry,  are  sources  of  weakness,  and  should  be 
avoided.  The  tbndency  to  spread  is  greatest  in  footings  having  a  spread  whic^ 
is  wide  compared  with  the  width  of  the  superimposed  wall  or  other  construction. 
The  writer  knows  of  at  least  one  important  footing  which  has  failed  in  this  mray, 
the  cracks  in  general  following  the  jomts  of  the  masonry  substantially  as  shown 
in  Fig.  18. 

(4)  Failure  of  Footings  by  Bending  or  Rupture.  A  footing  may  fail  by 
BENDING  or  RUPTURE  as  a  beam  or  girder.  In  the  case  of  a  wall,  if  the  foot- 
ing bends,  as  shown  in  Fig.  19,  the  ooncentration  of  the  load  on  the  lower  edges 
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Fig.  20 
FailuKS  of  Footiogi  by 


of  the  wall,  as  at  B  and  F  may  cause  the  base  of  the  wall  to  fail.  This  possibility 
should  be  borne  in  mind  in  designing  footings  where  the  load  on  the  wall  ap« 
proaches  the  allowable  unit  losd  for  the  material  composing  it,  and  espedally 
where  the  width  of  the  footing  is  much  greater  than  its  own  width.  li  the 
footing  fails  by  rupture  the  rupture  may  occur  either  under  the  center  line  of 
the  wall,  as  in  Fig.  20,  or  at  points  close  to  the  outer  edge  of  the  wall  as  in 
Fig.  21.  Fig.  20  illustrates  the  objection  to  using  a  footing  course  composed 
of  masonry  or  stones  which  do  not  extend  the  full  width  of  the  footing.  The 
joints  in  such  construction  prevent  the  footing  course  from  acting  in  tension 
and  the  footing  as  a  whole  from  acting  as  a  beam. 

2f.  Methods  of  Calculating  Bending-Stresses  in  Wall-Footinga 

Assumptions  Made  In  Determining  Bending-Stresses  in  Footincs* 

Two  methods  for  the  calculation  of  the  bendino- 
BTRESSES  IN  FOOTINO  COURSES  are  in  general  use. 
Both  are  based  upon  the  assumption  that  the 
REACTION  of  the  foundation-bed  is  undorm;  but 
the  methods  differ  in  the  assumption  made  as  to 
how  the  footing  course  and  the  base  of  the  super- 
structure act.  Neither  assumption  can  be  held  to 
be  wholly  correct. 

The  First  Method  of  Determining  Bending- 
Stresses  in  Footings.  This  method  is  based  upon 
the  assumption  that  the  pressure  of  the  wall  on  the 
footing  is  unifonn  over  the  area  and  remains  so  at  all 
times. 

If,  in  Fig.  22,  ABCD  represents  a  foothng  coarse  supporting  a  centrally  located 
mSkMFCB.wadH 
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Fig.  22.  Bonding-stresses  in 
Footings.    First  Method 
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W  «  tht  load  of  the  wall  in  pounds  per  linear  foot; 
w  —  the  width  of  the  wall  in  Icet; 
■od  I  a  the  width  o£  the  footing  in  feet; 

then 

H  (/  -w)  -  the  projection  AE  or  FB, 
&ad  W/l »  £/  -  the  unit  load  per  square  foot  on  the  foundation-bed. 

Conaderiog  the  forces  acting  on  the  right  of  the  center  line  of  the  wall  for  a 
:-ft  length  of  wall,  it  is  evident  that  the  uplift  on  the  half-footing  OD  will  equal 
h  W  and  that  its  cknter  of  action  will  He  half-way  between  O  and  A  or  at  a 
distance  ^  /  from  the  center  fine  00;  and,  similarly,  that  the  load  due  to  one- 
n^U  the  w«U  will  beViW  and  that  its  centek  of  achon  will  be  at  a  distance 
^  w  from  the  center  line  00.    The  resulting  moments  will  be 

•ad  as  these  two  moments  act  in  opposite  directions,  the  resultant  moment 
'jcading  to  produce  bending  in  the  footing  will  be  the  difference  between  the  two. 
or  the  bending  moment  at  the  center  line  00  is 

Or,  snce 

Wll^V    and    H  (/- if)  -  P,  the  projection. 

Equation  (t)  may  be  written  in  either  of  the  fonns 

or  U%^MWP  \  ^^^ 

Tte  Brror  IsralTed  in  this  first  method  b  due  to  the  assumption  that  the 
pressure  on  the  upper  surface  of  the  footing  remains  umdokmly  distributed^ 
as  if  the  base  of  the  wall  acted  as  a  fluto,  in  which  case  the  distribution  of  the 
kad  would  remain  constant  and  the  formula  would  be  correct.  But  the  base 
ol  the  wall  is  not  a  fluid,  but  a  soud  which  will  resist  deformation.  If,  as  in 
Fig.  19,  the  footing  course  A  BCD  deflects  and  the  base  of  the  wall  is  assumed 
to  be  incompressible,  the  entire  load  of  the  wall  will  be  communicated  to  the 
footmg  through  the  edges  E  and  F.  While  such  a  concentration  is.  of  course, 
impossible  (as  the  edges  E  and  F  will  crush  or  com- 
press  tmtil  a  considerable  area  of  the  base  of  the  j 

vail  is  in  contact  with  the  footing)  the  result  is  that 
the  weight  of  the  wall  is  concentrated  near  the  outer 
edges  of  its  base.  Equation  (i)  gives  results  which 
are  too  large;  but  as  it  errs  on  the  side  of  safety,  it 
is  feoommeoded  lor  general  use. 

TlM  Sacond  Method  of  Detannlaing  Bending-    ^ ^ — , — ^ 

Otratscff  in  Footipg8»  also  in  common  use,  takes  !     Wt^ 

into  consideration  only  the  projecting  portion  of  the  5  ' 

footmg  as  foflows:  j^.m.  Bendfog-streBses  la 

If  m  Fig.  23  ACBD  represents  a  footing  course  Footiogs.  Second  Method 
supporting  a  centrally  located  wall  EFGH,  and  if 

we  UK  the  notation  of  the  preceding  method,  then,  if  we  assume  that  the 
faw^wiy  acta  as  a  fixed  beam  and  the  projections  AE  and  FB  as  CANnuEVERS 
rigidly  supported  by  the  wall,  and  denote  the  projection  of  the  footing  on  either 
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side  of  the  wall  by  P,  the  reaction  of  the  foundation-bed  on  this  proiectins 
portion  P,  per  unit  length  of  wall,  will  be  PU,  The  center  of  AcnoM  of  this 
force  will  be  at  a  distance  ^  P  from  JS  or  F  and  its  moment  at  £  or  F  will  be 

M^PUx\iP*-HUP* 
or,  since 

-  the  value  of  U  may  be  given  in  the  form 

if-H^(/-w)«  (2) 

The  BiTor  Involved  in  this  second  method  is  due  to  the  assumption  that  the 
uplift  on  the  projection  P  can  be  resisted  by  the  extreme  outer  edge  of  the  base 
of  the  wall.  If  the  uplift  on  the  projecting  part  is  concentrated  on  the  edge, 
then  the  edge  must  either  compress  or  fail  by  crushing,  which,  in  either  case, 
would  throw  the  center  of  support  for  the  cantilever  bad^  from  the  edge  of  the 
wall;  and  this  is  contrary  to  the  assumption  used  in  calculating  the  moment. 
This  method  takes  into  consideration  only  the  intensity  of  the  reaction  or  uplift 
and  the  length  of  the  projection,  and  is  known  as  the  PROjEcnON-UETHOO. 

Compaiison  of  Results.  Comparing  the  results  of  the  two  methods,  it  will 
be  seen  that  the  load  cannot  act  at  the  two  edges  E  and  F  as  assumed  in  Equa- 
tion (2),  nor  ordinarily  can  it  be  uniformly  distributed  as  assumed  in  Equation 
(i),  but  that  the  intensity  of  the  load  per  untt  of  area  will  vary,  being  a 
MiNDCUM  at  the  center  and  a  maxdhtm  near  the  edges  of  the  base  of  the  wall. 
The  exact  positions  of  the  centers  of  action  are  affected  by  various  consider- 
ations which  cannot  be  fully  discussed  in  this  chapter. 

New  Formula  for  Determining  Bending  Moments  in  Footings.  The 
writer  has  devised  a  formula  which  gives  values  for  the  bending  moment  ^ 
half-way  between  the  vahies  given  by  Equations  (i)  and  (2),  and  which  dosely 
corresponds  to  the  assumption  that,  considering  the  forces  on  either  side  of  the 
center  of  the  wall,  the  center  of  action  of  the  half-load  of  the  wall  is  at  the 
center  of  the  half-wall,  when  the  projection  equals  2ero»  and,  as  the  projection 
increases,  moves  toward  a  position  which  is  two-thirds  of  the  distance  from  the 
center  of  the  wall  to  its  edge.    This  formula  may  be  expressed  as  follows: 

M^HUQ-w){l''Hw)  (3) 

Or,  substituting  the  value  of  U  in  terms  of  W, 

Weight  and  Prenore-Uniti.  In  practice  W,  the  weight  due  to  the  wall,  is 
generally  given  in  pounds  per  linear  foot  of  wall,  and  the  allowable  pressiue  on 
the  foundation-bed,  while  frequently  given  in  tons  per  square  foot,  should  be 
reduced  to  pounds  per  square  foot. 

The  Required  Width  of  the  Footing  in  feet  is  obtained  by  dividing  the  weight 
of  the  wall  in  pounds  per  linear  foot  of  wall  by  the  allowable  unit  load  on  the 
foundation-bed  expressed  in  pounds  per  square  foot. 

Moment-Units.  The  moment  tending  to  produce  rupture  may  be  calculatet. 
in  foot-pounds  or  inch-pounds.  If  in  Equations  (i);  (2)  and  (3)  the  dimensions 
/,  w  and  P  are  in  feet  and  1/  is  in  pounds  per  square  foot,  the  resulting  bending 
moment  will  be  in  foot-pounds  per  linear  foot  of  wall.  As  the  mouent  of  resist- 
ance is  generally  stated  in  inch-pounds  it  is  more  convenient  to  have  the  max- 
DCUK  bending  moment  or  MOMENT  OF  RUPTX7RE  *  in  iuch-pouuds.  Thus,  for 
Equation  (i) 

*  In  the  flexure-formula  the  moment  of  resistance  k  made  equal  to  the  bending 
moment  at  any  cross-section  of  the  footing,  and  the  maximum  bending  monant  h 
sometimes  called  the  moment  of  rupture. 
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M  (in  iDcb-pouDds  per  foot  of  wall)  «  Z2  AT  in  foot-pounds, 
or  ir  (in  inch-pounds)  '^U{l-w)l  (i)' 

Eqaatkn  (a)  in  the  same  way  becomes 

M  (in  inch-pounds)  -  H  £/  (^  -  w)'  .  (a)' 

Or,  csing  the  more  coovenient  form, 

a  ve  expiess  the  projection  P  in  inches,  instead  of  in  feet,  we  will  have 

M  (in  inch-pounds  per  foot  of  wall)  -  Vi4  UP* 
Sanhzly,  Equatioo  (3)  becomes 

M  (ininch-poundsperfootof  wa]l)»Ml^(/~v)(/-Hv).  (3)' 

rotil  Equations  (3)  or  (3)'  are  more  generally  accepted,  an  engineer  or  designer 
riS  avoid  critidsm  and  be  perfectly  safe  in  using  Equation  (i),  and  in  the  foUow- 
3^  pages  the  writer  will  use  Equations  (i)  or  (i)'  unless  the  contrary  is  stated. 


I  In  term  of  to 
Fig.  34.    Graphical  Gnnpariaon  of  Bending  Moments  m  Footings 


The  following  is  an  example  illustrating  the  application  of  the 
foregoing  formulas: 

A  24-in  wall  transmits  to  the  footing  42  000  lb  per  linear  foot  of  wall.  The 
iflovable  unit  load  on  the  foundation-bed  is  3  600  lb  per  sq  ft.  What  is  the 
width  and  required  moment  of  kesistance  *  of  the  footing? 
42  000/3  600  a  ziH  ft 
*  Is  tlie  flexure-formula  the  momeot  of  resistance  is  made  equal  to  the  bending 
DoocBt  at  any  croas-section  of  the  footing,  and  the  marimum  bending  moment  ia 
^■■■fit.nf.  called  the  moment  of  rupture. 
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Then,  by  Equation  (i),  we  have 

Jf  -  H X  3  600  (hH  -  a)  11%  -» 50750  ftJb 
If  Equation  (2)  is  used,  we  have 

Af  -  H  X  3  600  (11% -  2)»-  4^050  ft-!b 

and  by  Equation  (3) 

if  -  HX  3  600  (ii?4  -  2)  (iiH  -  i)  -  46400  ft-Ib 

Comparing  the  results  we  see  that  the  moment  by  Equation  (3)  is  the  average 
of  the  moments  by  Equations  (i)  and  (2). 

Graphical  Comparison  of  Bending  Momenta  in  Footiina.  Fig.  2i  is 
a  graphical  compariaQii  of  the  momenta  for  varying  ratios  of  /  to  w  calculated 
by  Equations  (i),  (2)  and  (3)  on  the  assumption  that 

w  w  the  width  of  wall  *  i  ft; 

U  »  the  unit  load  on  the  foimdation-bed  »  1 000  lb  per  sq  ft;  and 

r^l/w. 

The  load  on  the  wall,  in  pounds,  for  any  value  of  A  is  x  000  /. 

Comparii^  the  curves  of  Equations  (i)  and  (2)  it  will  be  seen  that  the  results 
are  widely  apart,  the  percentage  of  variation  being  highest  in  the  case  of  small 
projections.  When  /  is  less  than  twice  w,  or  in  other  words,  when  the  projedion 
is  less  than  one-half  the  width  of  the  wall.  Equation  (2)  gives  moments  less  than 
half  the  moments  given  by  Equation  (i).  Equation  (2)  may  be  used  for  small 
projections.  Equation  (i)  gives  results  which  are  too  large,  especially  where 
the  projections  are  sm  ill.  Equation  (3),  giving  results  half-way  between  those 
of  Equations  (x)  and  (2)  and  in  accordance  with  a  reasonable  hypothesis,  would 
appear  to  be  preferable,  but  is  not  in  accordance  with  present  practice. 
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21.  Bending  Moments  in  Footings  of  Colnmna  and  Piert 

Oeneral  Statement  of  the  Problem.  Fig.  25  represents  in  plan  a  pier  or 
column  resting  on  a  footing  which  projects  on  four  sides.  The  base  of  the 
column  or  pier  is  represented .  by  A  BCD,  and  the 
footing  and  its  area  of  support  by  EFCII*  That 
part  of  the  footing  included  in  the  areas  MNOF  and 
QRST  can  be  considered  as  acting  in  the  same  way 
as  projecting  footings  under  a  wall,  but  the  uplift  on 
the  four  comers  EQMAt  etc.,  on  wliidi  no  superim- 
posed wall-load  is   imposed,  also   causes   bending 

Different  Theoriea.  There  are  several  theories, 
more  or  less  complicated  and  unsatisfactory,  as  to 
how  the  upurr  on  the  four  corner-areas  should 
be  determined.  The  discusnon  of  these  theories 
would  be  out  of  place  m  this  chapter.  In  a  square 
footing,  the  projection  Is  not  over  one-half  the  width  of  the  superimposed 
base,  the  four  comer-areas  will  not  aggregate  over  25%  of  the  totat 
area  of  the  footing,  and  it  may  then  be  assumed  that  the  ben(fing  moment 
is  the  same  as  if  the  base  of  the  column  or  pier  extended  Hke  a  waff  across 
the  entire  footing,  as  is  shown  in  Fig.  26.  To  insure  these  conditions,  when  the 
projection  of  the  footing  exceeds  H  w,  and  m  aH  cases  when  the  footing  is  not 
homoscneoas,  as  when  a  griUage  of  stocl  is  used,  the  load  of  the  oolunLB  aust 
be  (fistributed  over  the  width  of  the  footing  by  a  girdek  or  BOLsmt  or  by  hi 
extension  of  the  column-base.    In  case  the  footing  ts  in  several  layers^  each 


«        S        T        rt 
Fig.  25.    Plan  of  Column- 
footing  with  Four  Equal 
Projections 


yGoogk 


Bending  Moments  in  Footings  of  Columns  and  Piers        177 


aycr  mat  extend  the  full  width  o<  the  tmderiyiiig  layer.    IKHtfa  such  oonstruc- 

ttiQ  it  as  evident  that  the  bending  moment  will  be  the  same  as  if  the  oirdbk  or 

BOLsiEK  were  a  wall  and  Equation  (i)  will  be  applieable. 
BwuBng  M ooiAflts  in  Colnmn-Footings.    For  oohimn-footmgs  Equation 
i '  can  be  used*  taking  the  total  load  in  place  of  the  load  per  foot,  and  the  itault 

^  then  be  the  total  bending    .  „ 


A  cohinin  carrying 
f  tons  is  to  be  supported  on  a 
jiT^^R  Gooczete  slab.  The  cast- 
3GB  Gofamn-baae  is  2  ft  square. 
Ibe  aUowabie  pressure  on  the 
vwadatian-bcd  is  6  tons  per 
sq  ft.  What  is  the  maxdivm 
in  the  slab? 


t*»T 


0 


The  area  <rf  support -96/tf-  yj^je.  Colamn-footing  Treated  Like  Wan-footiiig 
^sq  ft- 4  by  4  ft.    Thepio- 

-ctMMi  isHU—  a)  -xftfOr  one-half  the  width  of  the  base,  and  by  the  fore- 
ai£C  rule  we  can  calculate  the  bending  moment  as  if  the  base  of  the  column 
steaded  in  one  direction  acn»  the  footing.  Applying  a  convenient  form  of 
L?.jatiQn  (x) 

J#  «  H  X  19a  000  lb  (4-  9)  -4&O0O  ft-ib,  or  ST^oooin-lb 
T-^  footing   must  therefore  be  of  sufficient  depth  to  resist  this  bending 


If  m  this  example  the  aOowable  unit  pressure  on  the  foundation-bed  is  a  tons 
-tead  of  6  tons  per  sq  ft  the  supporting  area  and  the  area  of  the  bottom  con- 
Ttte  footing  conrse  will  be  96/2  —  48  sq  ft.  If  the  footing  course  can  be  a 
a.-we  its  dinwaaions  will  be,  with  sufficient  exactness,  7  by  7  ft.  By  the  rule 
even,  ance  the  projection  exceeds  one-half  the  width  of  the  base,  there  should 
je  I BOLSTES  extending  across  the  footing.  The  bolster  will  be,  therefore,  7  ft 
•4;  and  may  properly  be  composed  of  two  or  more  steel  beams.  The  cast-iron 
^ast  may  be  dispensed  with,  in  which  case  the  base  of  the  column  will  be  pro- 
'^rkd  with  a  steel  base  or  with  flange-angles.  Let  us  assume  that  the  column- 
j&t  is  I  ft  6  in  square  and  the  width  of  the  bolster  2  ft* 

Ibe  bending  moment  in  the  bolster  is  determined,  then,  by  Equation  (i), 
.ang  xH  ft,  the  width  of  the  column-base^  for  w,  and  7  ft,  the  length  of  the 
ci-iitcr,  for  i. 

if  —  H  X 192  000  (7  -  iV4)  -  132  000  ft-lb  -  r  584  000  fn-lb 

The  bending  moment  in  the  slab  is  determined  in  the  same  way  by  Equation  (i), 

Lsiaig  3  ft,  the  width  of  the  bolster,  for  v,  and  7  ft,  the  length  of  the  slab,  for  /. 

if  -  H  x'x92  000  (7  -  3)  ■  120  000  ft-lb  -  1 440  000  in-lb. 

Pootlnce  Other  Than  Square  In  Plan.  In  case  it  is  necessai^  to  use  some 
ether  shape  than  a  square  for  the  supporting  area  the  resulting  moments  in 
'he  slab  and  bobter  will  vary  from  those  calculated  above.  If  in  the  foregoing 
example  the  supportiog  area,  for  any  reason,  is  necessarily  made  6  by  8  ft,  giving 
4i  sq  ft  as  the  required  area,  and  if  the  bolster  b  parallel  with  the  6-ft  ade^  the 
•aooient  in  the  bolster  will  be 

if  -  HX  193000(6-  »H)  •  108000  ft-lb  - 1  296000  in-lb 
sad  the  moment  in  the  slab  wiU  be 

if  «-  H  X  192  000  (8  -  2)  ■•  144000  ft-lb  » 1 728000  in-lb 
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or,  the  moment  in  the  bobter  is  less  and  the  moment  in  the  slab  is  greater  than 
in  the  case  of  the  7  by  7-lt  supporting  area.  If  the  bolster  runs  parallel  with 
the  long  side,  the  moments  will  be,  for  tlie  bolster, 

i/-HX  192  000  (8- xVi)- 156000  ft-Ib 
and  for  the  slab^ 

i/  -  H  X  292  000  (6  -  2)  -  96  000  ft-lb 

In  footings  having  more  than  two  layers,  each  layer  must  be  investigated 
separately,  using  /  for  the  length  of  the  layer  which  is  being  determined  and  w 
for  the  width  of  the  superimposed  layer. 

Componnd  Footings.  In  compound  footings  where,  for  example,  a  -wall 
and  a  column  or  two  or  more  columns  are  supported  by  a  single  footing*  -or 
where  loads  are  cantilevered,  the  loads  will  in  general  be  distributed  to  the  sup- 
porting area  by  girders  or  cantilevers.  The  shears  and  bending  moments 
of  such  girders  or  cantilevers  must  be  determined  for  each  case  by  the  methods 
used  in  the  calculations  of  beams  and  girders  in  Chapters  XV  and  XX. 

tZ,  De^gn  of  the  Footings 

Materials  used  for  Footings.  To  possess  the  required  strength  the  safb 
MOMENT  OF  RESISTANCE  of  the  footing  must  be  at  least  equal  to  the  moment 
OF  RUPTiTRE,  Calculated  as  explained  in  the  preceding  paragraphs.  Masonry. 
whether  of  brickwork  or  stone,  is  not  generally  suitable  for  any  but  the  light- 
est buildings,  as  its  tensional  strength  is  low.  Concrete,  plain  or  reinforced, 
or  grillages  of  steel  embedded  in  concrete,  are  generally  employed.  (See  Chap- 
ter III  for  footings  for  light  buildings.) 

Footings  of  Homogeneous  Slabs.  If  the  footing  is  composed  of  a  slas 
OF  HOMOGENEOUS  MATERIAL,  as  a  block  of  granite  or  other  reliable  building  stone, 
or  a  single  layer  of  concrete,  the  moment  of  resistance  is,  by  the  well-known 
flexure-formula  for  rectangular  cross-sections,  Mr'^hibd'S  (see  Chapters  X. 
XV  and  XVI)  in  which 

i  *■  the  depth  or  thickness  of  the  footing,  in  inches; 
b  »  the  breadth  of  the  footing,  in  inches; 

5  -  the  allowable  unit  tensile  stress  of  the  material,  in  pounds  per  square 
inch; 
Mr  *-  the  moment  of  resistance. 

Placing  AT,  the  moment  of  the  forces  tending  to  cause  rupture,  equal  to  Mr, 
for  a  length  of  wall  equal  to  z  foot  we  have 

5«  12  in 
and  d»^^M/S  (4) 

Substituting  in  Equation  (4)  the  value  for  M  in  inch-pounds  as  determined  by 
formulas  (i),  (2)  and  (3)  and  a  value  for  S  as  given  m  the  following  paragraph, 
the  required  depth  d  can  be  determined. 

Safe  Tensional  Strength  for  Materials  in  Footings.  The  values  of  ^, 
the  ALLOWABLE  UNif  TENSILE  STRESS,  for  coDcrete  or  stone  must  indude  a  high 
FACTOR  of  SAFETY,  as  experiments  show  wide  variations  in  the  tensional  strength 
and  in  the  modulus  of  rupture  or  flexural  strength  of  such  materials. 
The  following  values  for  5  in  pounds  per  square  inch  indude  a  factor  of  safety 
of  from  8  to  10  and  should  not  be  exceeded.  (See,  also,  Table  III,  page  628, 
Chapter  XVI.) 
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5  in  lbs  per  sq  in 

For  brickwork  or  mAsomy  in  lime  mortar from  '  o  to  lo 

For  bcickwoik  or  masoniy  in  cement  mortar from    lo  to   40 

For  concrete,  1:3:6 from    15  to    25 

For  concrete,  i  :  2H-  S ^rom    20  to   40 

For  ooncrete,  1:2:4 'rom   30  to   50 

For  sandstone  or  limestone  in  monolithic  blocks from   75  to  150 

For  granite  in  monolithic  blocks from  100  to  250 

Eaaqie  of  Concrete-Footing  Design.    Concrete  Cast  as  a  Unit.    A  concrete 
'•*  diig  oomse  4  ft  wide  supports  a  wall  2  ft  thick.    The  load  on  the  foundation- 
V :  is  2&  000  lb  per  Un  ft  of  wall,  or  7  oco  lb  per  sq  ft.    Assuming  a  value  for  S 
•  ':  Q>  per  sq  in,  what  b  the  required  depth  for  the  concrete  footing  course? 
Ibe  moment  of  rupture  from  one  form  of  Equation  (i)  is 

Jf -HWCZ-w),    or    H  X  28000(4- 2) »  84000  in-lb 
^:<dtiiting  in  Equation  (4) 

J*- H  X 84 000/35- 1200,    or    ^-^35  in 
r;  Equation  (2)'  the  moment  of  rupture  is 

M  ~yu  UP* -^4X7000X12X12-42000 in-lb 

<P  —  H  X  42  000/35  *»  600,    or    J  -  24  m  + 

73e  depth  determined  by  Equatiom  (i)  or  (i)',  as  previously  noted,  errs  on 
■:e  nde  of  safety.  The  result  by  Equations  (2)  or  (2)'  conforms  more  nearly 
<^:i  usfuX  practice,  and  as  the  projection  is  small  compared  with  the  width  of 
't  sail,  it  may  be  used,  or  an  interaiediate  value,  as  determined  by  Equations 

.  >.:  isY,  may  be  considered  amply  safe. 

Stepped  Footings.  If  the  concrete  footing  is  cast  in  one  uninterrupted 
^eiatiao  so  as  to  act  as  a  single  gikdes  for  its  entire  depth,  a  considerable 
Lr^  of  ma^ogial  may  be  effected  by  forming  steps, 
^  sb3wn  in  Fig.  27.  If  the  steps  are  of  equal 
£^  the  total  projection  should  be  equally  divided 
jetveen  the  steps.  If  the  footing  is  cast  in  several 
a'di,  or  if  a  granite  slab  is  superimposed  on  a  bed 
J  oocoete,  then  each  layer  must  be  figured  separately 
ad  the  width  of  the  superimposed  layer  used  in  place 
a  9,  the  width  of  the  walL 

Caotian  in  Design  of  Footings  of  Several 
layen.  Equation  (2)  should  not  be  used  whete 
die  footing  consists  of  several  la3rerB,  as  the  error 
.\3e  to  the  erroneous  assumption  is  cumulative  and 
v^-M  result  in  a  senous  concentration  on  the  outer 

id^es  of  the  upper  layers.  v    <^     n        »   c.       j 

_         .        /^rr  ^         _^  „ ,  -  T     .u      ^V'  27.    Concrete  Stepped 

lauBpic   of    FooHmga  of  Sevetal  Layers.    In  the  WaU-footing 

:23t  of  footings  cast  in  separate  layen  the  calculations 

shocld  be   made   as   foUovrs:   Let  h  -  the   length  of  the  footing  having  a 

laooxnt,  M.    From  Equation  (i),  reduced  to  inch-pounds, 

Havisg  decided  on  the  depth  of  each  layer,  say  15  in,  and  a  value  of  S,  say 
35  Ibk  lor  oonoeCe,  then,  from  the  flezure-fonnula.  If  -  Jfr  *  H  X 12  X  li* 

le 
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X  35  «  15  750  m41x  which,  substituted  in  the  above  equation,  will  give  the  valu 
of  A,  or  the  length  oC  the  top  course.  Having  determined  /i,  the  length  of  tt 
second  course,  k,  is  found  in  the  same  way,  using  k  for  w,  and  so  on  until  tl 
required  width  of  the  footing  is  reached.  The  dimensions  /  and  w  are  to  t 
taken  in  feet. 

Comparison  of  Unit  and  Separate-Layer  Footings.  Footings  made  i 
separate  layers  are  very  uneconomical  in  the  amount  of  material  required,  wbe 
compared  with  those  cast  in  one  operation.  If  the  footing  in  the  previoi) 
example  is  designed  on  the  separate-layer  basis  and  the  courses  assumed  to  b 
z5  in  thick,  their  lengths  are  as  follows: 

/i  -  ^  +  fc  -  l(a  X  IS  75o)/(3  X  28000))  +  2  -  2.375  ft 

Also 

h  -  3.75  ^t,    k  -  3.125  ft,    U  -  3-50  it    and    /,  -  3  875  ft 

As  /|  is  nearly  4  ft,  the  required  length,  it  may  be  made  so  by  increasing  thi 
thickness  of  the  bottom  course  to  16  in.  The  total  thickness  of  the  footing  i 
therefore  (4  X  15  in)  +  16  in  -  76  in  instead  of  35  in,  as  previously  determine< 
by  Equation  (i)  for  the  footing  cast  as  a  unit. 
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Fig.  28.    Diagram  Showing  Ratio  of  Projection  to  Depth  of  Footings 

Rule-of-Thttmb   Methods  for  Projections  and   Stops  in  Footinfs. 

Various  arbitrary  rules  are  ia  use  which  purport  to  give  for  different  material^ 
of  construction  so-called  safe  projbctiohs  for  given  depths  of  footing  or  tq 
give  the  safe  ratio  between  the  projection  and  the  depth  of  a  footing.  Thes^ 
rules  ignore  the  fact  that  the  uplift  varies  and  they  are  entirely  unreliable,  al- 
though such  RULEs-OF-THUMB  are  often  incorporated  in  the  building  codes  of 
dties.     (See  Chapter  III,  page  224.)  * 

Bnmple.    The  safe  projection  for  offiets  in  brickwork  is  frequently  given 
ia  building  codes  and  In  taxt-books  as  3  ia  for  a  double  course  ol  bricks  or  U^ 
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t  depth  ol  mboiit  5  inchea,  the  corresponding  latio  being  a6.  II  we  ksrome  the 
vifax  of  5  lor  biickwork  at  20  lb  per  sq  in,  this  ofiset  will  be  safe  when  the  up- 
lift 16  fen  than  a  666  lb  per  sq  It,  but  not  safe  when  the  uplift  is  over  s  666  lb 
persqft. 

latio  of  Projoctkm  to  Depth  of  FootiBg.  For  footings  of  homogeneous 
TTfmal,  however,  having  a  small  projection  and  where  Formula  (2)  can  be  used 
ai&ly,  it  ia  posoble  to  calcubte  a  so^aUled  sate  katto  or  frojsciiom  for  a 
^xea  mat  load.  From  Equation  (3)'  and  Equation  (4),  derived  from  the 
unooia  for  the  MOMEtrr  or  sksistance  for  beams  of  homogeneous  material  and 
act  angular  cnwasectioii,  the  foUowiog  formula  may  be  derived: 

p/d^V^s/u  is) 

ia  which  all  dimensions  are  in  inches,  S  in  pounds  per  square  inch,  and  U  in 
pi.iiMk  per  square  foot.  The  quantity  p/d  is  the  ratio  of  the  projection  to  the 
iepth  of  the  beam  or  footing.  For  a  given  value  of  5  the  ratio  will  vary  in- 
^ctsely  as  the  sqtuue  root  of  U, 

The  diagram  (Fig.  28)  shows  curves  for  different  values  of  S  and  U  from  which 
the  ratio  of  projection  to  depth  of  footing  may  be  taken.  Thus,  for  a  concrete 
fo(Mg  for  wfaidb  the  allowable  unit  stress,  5,  in  tension  is,  say  30  lb  per  sq 
is^  if  the  load,  U,  on  the  foundation-bed  is  3  000  lb  per  sq  ft,  the  allowable  pro- 
jcctioQ  will  be  0.69  times  the  depth  of  the  footing  course.  If  the  concrete  is 
12  in  thidc,  the  allowable  offset  will  be  8.3  in.  Conversely,  for  a  given  offset, 
iay  IS  in,  when  the  unit  load  is  3  000  lb  and  5  «  30  lb  as  before,  the  required 
:£pih  wiH  be  1.45  times  the  ofiset. 

9.  Steel  GziUages  in  Foundations* 

A^TUitagos  in  the  TJse  of  Steel-Beam  Grillages.  When  It  is  desfauble 
to  avoid  the  deep  excavation  required  for  concrete  or  masonry  footings,  and 
when  the  load  of  a  wall  has  to  be  distributed  over  a  wide  area  of  support,  steel 
LUIS  or  STEZX  BEAMS  are  frequently  advantageously  used  to  give  the  required 
a»tnent  of  resistance  with  a  minimum  of  depth.  Steel  beams  are  generally 
cacaper  and  preferable  to  railsi  although  second-hand  rails  have  frequently  been 
used  as  an  expedient. 

Preptfing  the  Bed  and  Setting  the  Beams.  The  foundation-bed  should 
b«  first  oovered  with  a  layer  of  concrete  not  less  than  6  in  in  thickness  and  so 
mixed  and  compacted  as  to  be  as  nearly  impervious  to  moisture  as  possible. 
The  beams  should  be  placed  on  this  layer,  the  upper  surfaces  brought  to  a  line 
izA  the  lower  flanges  carefully  groutoi  so  as  to  secure  an  even  bearing.  Sub- 
str^^iently,  concrete  should  be  placed  between  and  around  the  beams  so  as  to 
pomaoently  protect  them. 

Reqnirements  for  Steel  Grillages.  In  determining  the  number  and  size 
of  the  beams  for  any  given  footing  the  following  points  should  be  considered: 

ft)  The  beams  must  resist  the  UAXiMtni  bending  moment,  and  this  without 
caduc  nEnxcnoN. 

(2)  The  beams  must  resist  the  shearing-stresses,  the  meeting  of  which 
requirement  ordinarily  provides  against  crushing. 

vj)  The  beams  must  not  be  spaced  so  far  apart  that  there  is  danger  of  the 
concrete  filling  between  the  beams  failing  to  distribute  the  load. 

(4)  The  beams  must  not  be  spaced  so  near  together  as  to  prevent  the  placing 
c{  concrete  between  them.  The  dear  space  between  the  flanges  of  the  top  layer 
should  preferably  be  not  less  than  2  in  and  should  be  somewhat  more  for  the 
krvcr  layers. 

!Sm  paces  67610  680  for  an  exampls  of  a  contiiiuous  gtrdw  in  griUast  foundatioo. 
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(5)  Whc^  the  BENDING  MOMENT  IS  the  governing  feature,  of  two  beams  of 
equal  weight,  the  deeper  beam  should  be  used.  Thus,  if  the  required  section- 
modulus  b  147,  a  3o-in  80-lb  beam  might  be  used;  but  a  24-in  80-lb  beam  is 
sti£fer  and  stronger  in  bending. 

(6)  Where  the  sheae  is  the  governing  feature,  of  two  beams  of  equal  weights, 
the  smaller  beam  is  the  stronger.  Thus,  the  sheaeino  value  of  a  2o4n  8o>lb 
beam  is  greater  than  that  of  a  a4-in  8o4b  beam  and  is  nearly  equivalent  to  that 
of  a  34-in  90-lb  beam.  However,  on  account  of  the  greater  snrrNESS  of  the 
deeper  beam  it  is  sometimes  advisable  to  use  it  even  though  the  cost  is  increased. 

Spacing  of  Beams  in  Grillage.  Table  DC  gives  the  limiting  spacing  for 
steel  beams,  based  upon  the  safe  capacity  of  the  concrete  filling  acting  as  a 
beam,  for  loads  of  from  i  to  6  tons  per  sq  ft.  Since,  however,  in  such  small 
spans  there  is  considerable  arching  effect,  the  concrete  will  safely  distribute 
the  load  on  larger  spans  than  those  given  in  the  table,  provided  a  suffident 
number  of  tie-rods  of  proper  size  are  used  to  take  up  the  thrust  of  the  arches. 


Table  IX.    The  Limiting  Spacing  for  Steel  Beams  Used  With  Concrete  FOUac 


Depths 

of 
beams 

Spacinx  of  beams  for  the  following  i>ressurea  per  square  foot 

I  ton 

3  tons 

3tons 

4  tons 

Stons 

6toos 

in 
6 
7 
8 
9 
10 
12 
IS 
18 

30 
24 

ft     in 

I        IX 

ft     in 
0      It 

X     10 
3     zx 

ft     in 
0      10 

0  IX 

1  I 
I       3 
I        4 
I        6 
I      10 
3        3 

3          S 

a     zi 

ft     in 
0       9 
0     10 
0     II 

Z       IX 

ft     in 

ft     in 
0      10 

z      10 

Th«  Derign  of  a  Wall-Footing  of  steel  beams-is  illustrated  by  the  follow- 
ing example:  A  24-in  wall  carries  43  000  lb  per  lin  ft.  What  should  be  the  size 
and  spacing  of  steel  beams  to  distribute  the  load  over  the  foundation-bed  at 
3  600  lb  per  sq  ft?  The  required  width  of  the  footing  is  43  000/3  600  -  11  ft 
8  in  and  the  bending  moment  by  Equation  (3)  is  556  800  in-lb  per  lin  ft  of 
wall.  The  amoimt  of  shear,  by  the  formula  given  on  page  1 70,  is  5  -  PF  (/  -  w)//, 
or  34  800  lb.  As  the  beams  are  in  double  shear  the  single  shear  per  linear  foot 
of  wall  is  17  400  lb.  The  required  section-modulus  per  linear  foot  of  wall  is  ob- 
tained by  dividing  the  bending  moment  by  the  allowed  fiber-stress  in  the  steel, 
or  556  800/16  000  (assumed  fiber-stress)  -  34.8.  By  referring  to  Table  IV, 
page  355,  givmg  the  section-moduli  of  steel  beams  we  find  that  a  12-in  3iH-lb 
beam  has  a  section-modulus  of  36.  To  satisfy  the  condition  of  bending,  the 
beams  must  not  be  spaced  more  than  36/34.8  -  1.03  ft,  center  to  center.  To 
satisfy  the  condition  of  web-crippling  due  to  direct  compression,  the  unit  com- 
pressive stress  must  not  exceed  the  value  of  Sh,  Table  II,  page  575,  which, 
for  a  12-in  3iH-lb  beam,  is  13  060  lb  per  sq  in.  The  area  of  the  beam  resisting 
compression  is  the  length  over  which  the  load  is  distributed,  times  the  web- 
thickness.    Some  authorities  consider  that  the  load  is  distributed  over  a  length 
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equal  to  the  loaded  portioa  of  the  beam  plus  one-half  the  depth  of  the  beam, 

lot  ID  this  and  the  following  ezamjide  the  length  of  only  the  loaded  portion  is 

uieu.    Id  this  case  the  area  is  therefore  24  x  0.35  «  84  sq  in.    If  the  beams 

an  spaced  1.03  ft  00  centers  the  imit  direct  compression  is  42  000  x  1.03/8.4  « 

5 150  lb,  which  is  well  within  the  allowed  stress  given  by  Table  II,  page  575. 

To  satisfy  the  condition  of  web-crippling  due  to  shear,  the  shearing-stress  must 

yA  exceed  the  value  as  derived  from  the  formula  for  allowable  shear.    (See, 

a  Chapter  XV,  paragraphs  and  foot-notes  relating  to  Buckling  of  Beam-Webs 

lad  to  the  illustrative  Example  15  in  that  chapter.)    The  approximate,  allowed, 

Bit  shearing  value  may  be  obtained  by  dividing  the  value  of  Sb  (Table  II, 

P^  575)  by  the  factor  F,  the  values  of  which  are  given  in  Table   IXa, 

vJknring.    For  example,  for  a  12-in  3xH-lb  beam  this  shearing  value  —  13  060/ 

1.65  »  7  915  lb  per  sq  in.    The  shearing  capacity  of  the  beam  is  obtained  by 

=i3ltipl3rbig  this  unit  stress  by  the  depth  of  beam  times  the  web-thickness,  or 

:91s  X  12  X  0^5  »  33  240  lb,  or  much  more  than  required.    Only  one  of  the 

ggtdirinns  of  web-crippling  need  be  considered  by  applying  the  following  rule: 

fi  the  shear  divided  by  the  depth  of  the  beam  is  greater  than  the  total  load 

civided  by  the  product  of  the  distance  (over  which  the  load  is  distributed)  by 

tbe  iuXor  P,  investigate  for  shear;  if  otherwise,  investigate  for  direct  compres- 

5.a.  This  rule  may  also  be  expressed  as  follows:  According  as  (/  —  w)/l  is  greater 

sr  less  than  2  D/w'F^  investigate  for  shear  or  for  compression.    Here  / »  length 

ti  beam,  v  »  loaded  portion  of  beam,  D  -■  depth  of  beam,  w'  «■  length  of  beam 

cT«r  which  the  load  b  assumed  to  be  distributed  (often  taken—  W'\-\^D)  and 

f  "  the  factor  for  the  given  beam  obtained  from  Table  CCa.    All  dimensions 

"list  be  taken  in  the  same  unit.    If,  instead  of  the  12-in  beams,  15-in  42-lb 

\taB&,  having  a  section-modulus  of  58.9  are  used,  the  spacing  will  be  58.9/34.8 

-  1.7  ft  Dearly,  say  z  f t  8  in.     By  referring  to  Table  IX,  page  182,  it  is  seen 

'bt  the  g;xicing  of  the  beams  is  well  within  the  safe  limit  of  the  concrete  and  no 

:ie-radsaze  necessary. 

Talte  IZa.     Vahwa  of  Factor  P*  for  Shearing  Values  for  Various  Beams 


Beams 

For  standard- 
weight  beams 

For  heavy- 
weight beams 

X2-m  beam 
IS-inbeam 
z8-in  beam 
ao-inbeam 
24-inbeam 

1.6s 
1. 71 
1.7« 
1.77 
I.91 

1. 52 

x.So 
1.S8 
1.62 
l.«7 

*  The  futois,  P,  which  have  been  deduced  to  be  used  in  connection  with  Si,  Table  11, 
pages  S74-5,  to  give  the  safe  unit  shearing  value  baaed  on  web-crippling,  will  b«lp  greatly 
a  iarestigations  of  shears  in  case  tables  of  safe  shears  are  not  obtainable.  It  is  to  be 
ai^ed.  however,  that  the  values  derived  from  the  use  of  F  are  i^proximate  only,  as  this 
factor  is  a  little  different  for  every  beam;  and  to  give  its  value  for  every  beam  would 
reqaie  as  much  space  as  complete  tables  of  safe  shears.  The  values  of  F  are  not  given 
far  the  new  sections  of  light  beams  as  they  are  not  usually  good  sections  for  griUages. 
It  may  be  meotioaed  that  the  standard  weight  for  each  size  of  beam  for  which  F  is  given 
is  ahrays  the  next  weight  higher  than  the  minimum  weight  given  in  Table  II,  pages  574-5, 
esept  for  the  30-in  beams,  for  which  the  minimum  weight,  65  lb.  is  also  the  standard 
vd^it.  Tlie  rale  given  above  for  determining  whether  web-crippling  based  on  shear  or 
OQ  frect  ooopcesBkm  is  the  determining  condition  eliminates  one  of  the  calculations  to 
be  Bade  in  investigatiag  grillages. 
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The  Design  of  a  Coltunn-Footing  of  steel  beams  is  flfustrated  by  the 
foUowing  example:  A  column  carries  576  tons.    The  allowable  pressure  on  the 
foundation-bed  is  3  tons  per  sq  ft.    What  should  be  the  arrangement,  numher 
and  sbe  of  the  steel  beams  composing  the  grillage?    The  required  area  of  sup- 
port ^  576/5  *■  192  sq  ft.    In  order  to  make  the  problem  as  general  as  px>ssible 
let  it  be  supposed  that  practical  considerations  limit  the  width  of  the  footing  to 
I  a  ft.    The  dimensions  of  the  concrete  mat  on  which  the  lower  layer  of  beams 
rests  will  be  12  by  r6  ft.    By  referring  to  the  diagram  (Fig.  28)  we  find  that  if 
the  mat  is  made  la  in  thick  an  offset  of  6  in  is  permissible.    The  dnnensiozis 
of  the  lower  Uyer  of  beams  wfll  therefore  be  11  by  15  ft.    A  suitable  grillage  for 
the  given  conditions  may  be  designed  of  two  or  of  three  Uyers.    If  two  layers 
are  used  the  length  of  the  top  beams  will  be  iz  ft.    Assuming  the  column-base 
■B  30  in,  the  loaded  portion  <*  aH  ft*  and  by  Formula  (i),  the  bending  moment  * 
-•  H  X  1 152  000  lb  X  (11  -  2M)  X  12  X  H  -  14  6S8  000  in-lb,  from  which  the 
required  section-modulus  (at  i6ooo-lb  maximum  fiber-stress)  »  918.     By  re- 
ferring to  Table  IV.  Chapter  X,  five  24-in  90-lb  beams  have  a  section-modulus 
of  932.5  and  consequently  satisfy  the  condition  of  bending.    By  applying  the 
rule  given  in  the  preceding  paragraph  for  the  design  of  a  wall-footing,  to  see  if 
web-crippling  due  to  shear  or  to  compression  is  to  be  investigated,  (/  —  w)/l  *- 
0.773  and  2  Dfw'F  —  0.958,  which,  being  greater  than  0.773,  shows  that  the  beams 
ahouM  be  investigated  for  web-crippling  due  to  compression,  by  the  mcthcxl 
explained  in  the  previous  example.    It  will  be  found  that  the  five  24-in  90-Ib 
beams  also  satisfy  this  condition  and  will  therefore  be  used.    Their  flange- 
•  width  is  about  7H  in,  so  they  should  be  spaced  about  9H  in  on  centers,  requir- 
ing the  length  of  the  column-base  to  be  about  3  ft  9  in.    The  calculation  for 
the  lower  layer  is  similar,  the  length  of  the  beams  being  15  ft  and  the  loaded 
portion,  3  ft  9  in.    It  is  rarely  necessary  to  investigate  the  lower  layer  for  web- 
crippHng.  the  condition  of  bending,  except  for  the  top  layer,  being  usually  the 
governing  feature.    If,  owing  to  conditions  of  bending,  it  is  not  practicable  to 
make  the  beams  of  the  top  layer  sufficiently  long  to  extend  across  the  required 
width  of  the  concrete  mat,  it  is  then  necessary  to  make  the  grillage  of  three 
layers.    The  calculation  for  a  three-layer  grillage  for  the  same  problem  as  the 
preceding  is  as  follows: 

Calculation  of  the  Top  Layer.  For  web<rippling  due  to  con^rcssion, 
I  1^2  000  lb  -  5b  X  w'  X  /  X  fi,  where  Sh  -*  the  allowable  unit  stress,  w* »  the 
length  of  beam  over  which  the  load  is  assumed  to  be  distributed,  /  -■  the  web- 
thickness  and  n  -  the  number  of  beams.  Referring  to  Table  II,  Chapter  XV, 
and  assuming  a  20-in  75-lb  beam  to  be  used,  Sb  "  13  660  lb  per  sq  in  and  / » 
0.649  in*  Taking  w'  -■  30  in  (the  width  of  the  column-base),  13  660  x  30  x 
0.649  -  265  960  lb  and  the  value  for  five  beams  is  x  329  800  lb,  which  is  more 
than  enough.  But  it  is  found  that  five  ao-in  70-lb  beams  would  not  be  suffi- 
dent.  It  will  be  economical  to  make  these  beams  of  the  greatest  length  for  which 
they  will  resist  bending.  The  section-modulus  of  one  beam  is  126.9;  and  the 
total  Mr  —  5  X  126.9  X  i6  000  (assumed  fiber-stress).  This  may  be  determined, 
also,  by  Formula  (i)  in  which  Jf  =  M  WP.  From  these  equations  the  projec- 
tion P  -  35 H  in,  and  the  length  of  the  beams  is  therefore  (2  x  35H)  +  3©  (the 
width  of  the  base) »  loo^  in,  or  approximately  8  ft  4  in.  By  applying  the 
foregoing  rule  to  see  if  web-crippling  due  to  shear  must  be  considered, 
(loo— 3o)/xoo-o.7  which  is  less  than  40/(30  x  1.62) -0.82,  and  the  shear 
need  not  be  investigated. 

*  It  u  to  be  noted  that  the  bending  moment  is  the  same  as  for  a  beam  uniformly  loaded 
with  576  tons  on  a  span  of  8^  ft,  (i  —  w),  axKl  that  the  Dumber  and  size  of  the  required 
beams  may  be  taken  from  the  tables  giving  the  safe  loads  of  beams.  Sec  Table  IV. 
Chapter  XV. 
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Tbt  width  ai  the  flanges  ol  these  beams  is  neariy  6H  in,  so  that  thpy  should 

V  spaced  from  Shi  to  9  in,  thus  making  the  required  length  of  colunm-base 
j:isat  3  ft  6  in. 

Ctk^mtioa.  d  fbm  Second  Layer.    Since  the  length  of  the  top  layer  is  limited 

>  f:  4  in  aad  the  width  of  the  lowest  hyei  is  11  ft,  it  will  be  necessary  to  have 
.    ii^termediate  layer.    This 
■Z  cover  the  area  given  by 

'  KSfth  of  beams  ol  the  top 
^:-=r  and   the   width  of  the 

X'j  layer,  or  8  ft  4  in  by  11 
:  The  beams  will  of  course 
;  21  right-angto  to  those  of 
^  lop  layer,  so  their  length 
'd  be  II  ft,  and  they  are- to 

-  iD  ^pvsd  as  not  to  exceed 
I  4  in.  Since  the  width  of 
^  lap  couTK  is  sVi  ft,  thdr 

rtiJoais  (xift-3H  ft)/a 
- .  '<«  ft,  the  amount  of  single 
^'^  5  I  152  ocoX  3-75/"  - 

:  730  lb  and  the  bending 

-xnt  is  H  X  I  152  000  X  45 
:  *  12  960  000  in-lb.    Using 

300  &>  as  the  fiber-stress  the 

rJicd    section-modulus    is 

X  By  referring  to  Table 
~\,  Chapter  X,  for  section- 
-jiufi  and  determining  the 
:..iii3um  shear  as  above  ex- 
unol,  we  find  that  ten  15-in 
xr'^y  beams  will  have  a  total 

V  rkjQ-iDodohis  of  Si 2,  and 
y  win  also  be  ample  for 

:;tjr.    Furthermore,    ten 

^^^25  spaced  to  cover  a  width 
!  ft  4  in  will  give  a  spacing, 

'tcr  to  center  of  beams,  of 
^cut  10  in,  which  is  sufficient. 
it  would  be  better,  however, 
ij  use  ten  xS-in  55-lb  beams. 

Cilnihtfim  of  ttb  Bottom 
LcT»-  Taking  the  effective 
*  dihof  the  middle  layer  as 

-  ft,  the  projection  of  the 
bomsisdsft-  8ft)/2-3^ 
TL  Thai  similarly  to  the 
ibove,  the  shear  —  268  800  lb. 

if  =>  12096000   in-Ib,  from 


Steel-beam  Grillage  Column-footing 


Fig.  29. 

vbjchihe  section-modulus-  756,  and  thirteen  15-in  42-lb  beams,  spaced  ioV4 
i-  GQ  centers,  will  be  required,  or  two  15-in  6o-lb  beams  and  ten  is-in  4a-lb 
teams  may  be  lised,  increasing  the  spacing  between  the  beams.  In  this  case 
ix  heavy  beams  should  be  placed  nearest  to  the  center  of  the  footing.  This 
gakge  is  illustrated  in  Fig.  29. 
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t4.  Reinforced-Concrete  Footings 

Adymntaget  and  Disadyantagos.  Reinforced  concrete  has  in  recent  ycaa 
been  largely  used  for  footings.    The  arguments  in  favor  of  its  use  are: 

(i)  Low  cost  of  the  footing-construction; 
'    (2)  Reduction  in  the  amount  of  excavation  required; 

(3)  Convenience,  as  compared  with  the  use  of  sted-beam  grillages,  in  tlxat 
the  reinfordng-sted  is  readily  obtainable,  can  be  cut  to  length  on  the  work  a.ii<j 
handled  without  derricks. 

The  objections  urged  are: 

(x)  Danger  of  defective  workmanship,  as  the  strength  of  the  footing  depends 
upon  the  proper  mixing  and  placing  of  the  concrete,  the  proper  placing  of  the, 
reinforcement  and  the  complete  union  of  the  concrete  with  the  reinforcement < 
The  danger  of  defective  workmanship  is  increased  by  reason  of  the  usual  difficult 
ties  of  foundation-work,  in  that  water  and  mud  are  generally  present  and  the 
difficulty  of  careful  work  and  inspection  is  greater. 

(2)  Danger  of  the  deterioration  of  the  steel  reinforcement  either  by  rusting 
or  by  electrolysis.  This  danger  is  increased  by  the  presence  of  moisture  and  by 
the  relatively  small  cross-section  of  the  reinforcing-bars.  In  this  connection 
it  is  well  to  remember  that  in  reinforced-concrete  girders  as  usually  designed 
the  concrete  on  the  tension  side  is  stressed  beyond  its  elastic  limit,  as  a  result  of 
which,  numerous  fine  cracks  are  devebped  under  the  figured  load. 

Use  of  Reinforced  Concrete  for  Foundations.  From  the  foregoing  it  is 
apparent  that  great  care  should  be  used  in  connection  with  reinforced  concrete 
in  foundations,  especiaUy  as  any  defect  is  difficult  to  detect  or  repair.  Rein* 
forced  concrete  is  used  not  only  for  so-called  icats  or  slabs  but  is  frequently 
used  for  distributing-gibders,  bolsters  and  even  for  cantilevers.  The 
author's  preference  is  against  reinforced  concrete  for  foundations  for  important 
structures. 

The  Methods  Used  in  Calculating  the  Strength  of  Reinforced-Con- 
crete  Slabs,  Girders,  etc.,  are  explained  in  Chapters  XXIV  and  XXV.  The 
stresses  coming  on  the  reinforced-concrete  construction  are  to  be  determined 
in  the  same  way  as  explained  for  footings  of  other  materiab. 

2S.  Timber  Footings  for  Temporary  Buildings 

Timber  Footings.  For  buildings  of  moderate  height  timber  may  be  used 
to  give  the  necessary  spread  to  the  footings,  provided  water  is  always  present. 
The  footings  should  be  built  by  covering  the  bottom  of  the  trenches,  which 
should  be  perfectly  level,  with  3-in  planks  Uid  close  together  and  longitudinally 
with  the  wall.  Across  these  planks  heavy  timbers  should  be  laid,  spaced  about 
12  in  on  centers,  the  size  of  the  timbers  being  proportioned  to  the  transverse 
stress.  On  top  of  these  timbers  again  should  be  spiked  a  floor  of  3-in  planks 
of  the  same  width  as  the  masonry  footings  which  are  laid  upon  it.  A  section 
of  such  a  footing  is  shown  in  Fig.  30.  All  of  the  timber-work  must  be  kept 
below  low-water  mark,  and  the  space  between  the  transverse  timbers  should  be 
filled  with  sand,  broken  stone,  or  concrete.  The  best  woods  for  such  founda- 
tions are  oak,  long-leaf  yellow  pine  and  Norway  pine.  Many  of  the  old  build-  , 
ings  in  Chicago  rest  on  timber  footings. 

Calculations  for  the  Sizes  of  the  Cross-Timbers.    The  sizes  of  the  trans- 
verse timbers  should  be  computed  by  the  following  formula: 


Breadth  in  inches  —  ■      .. 
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r  TcpnaentiBg  the  bearing  resisUnce  of  the  foundation-bed  in  pounds  per  square 
bot,  p  the  projection  of  the  transverse  timbers  beyond  the  3-in  planks,  in  feet, 
;  the  distance  on  centers  of  the  timbers  in  feet,  and  d  the  assumed  depth  of  the 
bom  in  inches.  A  is  the  constant  for  strength.  The  values  recommended  for 
it  are  67  for  long-leaf  yellow  pine  and  white  oak,  44  for  Norway  pine,  and  39  for 
oommoa  white  pine  or  spruce.    (See  Table  II,  page  628.) 


Fig.  ao.    Spread  Footing  of  Timber 

The  side  walls  of  a  given  building  impose  on  the  foundation  a 
pressure  of  30  000  lb  per  Un  ft;  the  soil  will  only  support,  without  excessive 
sKtkxnent.  a  000  lb  per  sq  ft.  It  is  decided  for  economy  to  build  the  footings  as 
^>wn  in  Fig.  30,  using  kmg-leaf  yellow-pine  timber.  What  should  be  the  size 
oi  the  transverse  timbers? 

Sotetioo.  Dividing  the  total  pressure  per  linear  foot  by  2  000  lb,  we  have 
ic  ft  for  the  width  of  the  footings.  The  masonry  footing  we  will  make  of  granite 
or  <^her  hard  stone,  4  ft  wide,  and  solidly  bedded  on  the  planks  in  Portland, 
cement  mortar.  The  projection  p  of  the  transverse  beams  will  then  be  3  ft. 
We  win  space  the  beams  12  in  on  centers,  so  that  5  *■  i,  and  will  assume  xo  in 
ior  the  depth  of  the  beams.    Then,  by  the  formula, 

*!.    u      j*u  •    •    u        2x2000x9x1 

the  breadth  m  mches  — —  5.37  m 

100x67 

and  we  should  use  6  by  lo-in  timbers,  spaced  12  in  on  centers.    If  spruce  timber 
were  used  we  should  substitute  39  for  67,  and  the  result  would  be  a  little  over 

9  in. 

Potmdatioiis  for  Temportry  Buildingg.  When  temporary  buildings  are 
to  be  buflt  on  a  compressible  soil,  the  foundations  may,  in  some  parts  of  the 
a^mtry,  be  constructed  more  cheaply  of  timber  than  of  any  other  material,  and 
b  such  cases  the  durability  of  the  timber  need  not  be  considered,  as  when  it  is 
socnd  it  will  last  two  or  three  years  in  almost  any  place,  if  thorough  ventilation 
b  provided.  The  World's  Fair  buildings  at  Chicago  (1893)  were,  as  a  rule, 
supported  on  timber  platforms,  proportioned  so  that  the  maximiun  load  on  the 
soil  would  not  exceed  iH  tons  per  sq  ft.  Only  in  a  few  places  over  Icxtd-hgles 
woe  pile  foundations  used.* 

*  A  descripdoii  of  the  fouDdatkns  of  these  buildings  may  be  found  on  page  70  of 
Bvading  Construction  and  Superintendence,  Part  I,  Masons'  Work,  by  F.  £.  Kkider. 
TWe  values  given  there  to  the  term  i4  of  the  formula  are  larger  than  those  used  in  this 
ofitioo  of  the  Pockct-Book  and  are  still  allowed  by  some  building  codes. 
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ZL  General  Conditions  Affecting  Fotindetions  end  Footlngt 

General  Conaideratiotta.  Where  the  f  ootingB  of  a  building  rest  on  net  a&nd 
•r  on  day,  it  ia  important  that  any  movement  of  tlie  material  forming  tMi 
foundation-bed  be  prevented  if  poesible.  In  many  caaea  it  is  advisable  to  ooH' 
nect  all  footings  with  a  oonaete  floor  to  prevent  any  upiot  of  the  foundatioxa- 
bed  between  the  footings.  Where  unequal  settlement  is  apprehended  it  is 
inadvisable  to  have  long  columns  firmly  attached  to  the  footings,  as  any  unequaJ 
settlement  of  the  footings  develops  a  bending-stress  in  the  column;  such 
bending-stresses,  in  the  case  of  long  columns,  may  become  extremely  serious. 
resulting  possibly  in  the  rupture  or  distortion  of  the  columns.  In  such  cases  it 
lias  even  been  proposed  to  design  the  bases  of  the  columns  with  ball-and-sock£:x 
joints  which  would  allow  unequal  settlement  of  the  footings  without  distortioo 
or  bending  of  the  columns.  Such  connections^  however,  could  not  be  general  Iv 
used  because  of  the  necessity  of  bracing  the  structure  against  the  horizontaJ 
pressure  of  the  wind,  but  they  would  be  entirely  practicable  in  the  case  of  lon^ 
interior  columns. 

The  Mlntmnm  Depth  of  Footingg  is  limited  by  the  depth  of  the  cellar, 
by  the  requirements  of  the  cellar  as  to  whether  part  of  the  footings  can  project 
above  the  cellar-floor  level,  and  by  the  depth  of  the  footing  itself.  The  minimum 
depth  will  be  advantageously  exceeded  if,  by  a  slight  increase  in  depth,  a  material 
capable  of  sustaining  a  higher  unit  load  is  found  on  which  to  rest  the  footings; 
or  if,  as  explained  in  previous  articles  of  this  chapter,  greater  secuiity  is  affoitieci 
by  locating  .the  footing  at  a  greater  depth.  These  considerations  will  influence 
the  design  of  a  footing  and  in  all  cases  should  be  taken  into  consideration.  In 
some  cases  it  may  be  cheaper  to  abandon  the  use  of  a  spread  tooTiNG  of  any  type 
and  resort  to  piles  or  liASONRv  coNsn^ncnoN  going  to  KOCS  or  to  some  other 
solid  substratum.  Where  there  is  any  question  on  this  point,  careful  comparison 
should  be  made  of  the  advantages  and  costs  of  the  two  methods.  In  general, 
however,  it  will  be  cheaper  to  spread  footings  immediately  below  the  ceUar* 
excavation  level  than  to  employ  any  of  the  various  deep-foundation  methods. 

Deep  Foondationa  are  necessary  when  the  material  at  the  level  at  which 
SPREAD  FOOTINGS  would  Ordinarily  be  constructed  is  not  suitable,  or  in  case  it 
is  desirable  for  any  reason  to  carry  the  foundations  of  the  building  down  to  an 
underlying  stratum  of  greater  supporting  power.  Recourse  must  then  be  had 
to  one  or  more  of  the  following  expedients: 

(z)  Wooden  piles; 

(2)  Concrete  piles; 

C3)  Piers  or  walls  constructed  in  pits  or  trenches,  or  by  other  methods,  and 
going  down  to  the  required  depth  to  reach  a  solid  stratum. 

29.  Wooden-Pile  Foundations 

The  Use  of  Wooden  Piles.  When  it  is  required  to  build  upon  a  compres- 
sible soil  that  is  constantly  saturated  with  water  and  of  considerable  depth,  the 
most  practicable  method  of  obtaining  a  solid  and  enduring  foundation  for 
buildings  of  moderate  height  is  by  driving  wooden  piles.  Many  buildings  in 
the  city  of  Boston,  Mass..  and  several  tall  ofiice-buildings  of  New  York  City 
and  Chicago,  rest  on  wooden  piles,  and  they  arc  extensively  used  for  supporting 
buildings,  grain-elevators,  etc.,  erected  along'  the  water-front  of  coast  and  lake 
dties.  The  durability  of  wooden  piles  in  ground  constantly  saturated  with 
water  is  bejrond  question,  as  they  have  been  fonnd  in  a  perfectly  sound  condi- 
tion after  the  lapse  of  from  six  to  seventeen  centuries. 

^       le 
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Xaiidpal  Ra^uif^m^att.  The  Uws  of  Boston  require  tbat  ivooden  pOea 
fla  be  caiitMd  with  block-granite  levders  or  with  Portland-cement  concrete, 
fi::  tttt  the  spftcbg  shall  not  exceed  3  ft  between  centers.  The  laws  of  Chicago 
--ffic  that  wooden  piles  shall  be  driven  to  rock  or  haid-pan  and  capped  with 
z^jiiBt  of  timber,  concrete,  or  steel,  or  a  combination  of  these.  The  laws  of 
-ft  Vock  specif  a  mininium  diameter  of  5  inches  and  a  maximum  spacing  of 

at  bet  map  colters. 

T&t  Maziavm  Jjomdm  ADowad  ob  Wooden  Pfles  in  various  dties  are  a^ 
u  vi:  Atlanta,  20  tona;  Philadelphia,  90  tons;  Buffalo,  25  tons;  Minneapolis, 
::':&&;  Rkhmood,  15  tons;  St.  Louis,  as  many  tons  as  the  piles  will  safely 
-KcfU  Chicago,  as  tons;  Lou/sville,  so  tons;  St.  Paul,  25  tons;  New  York, 
z  :jgs;  Portland,  Ore.,  25  tons;  Cleveland,  as  tons.  Most  of  the  above  dtles 
^  &!ait  the  allowed  load  by  Wellington's  formula  which  b  herefaiafter  given 
^  ?Me  195,  under  the  heading,  Bearing-Pdwer  of  Piles. 

Cads  of  Wood  Used  for  Pfles.    Wooden  pfles  are  made  from  the  trunks 

tT^es  and  should  be  aa  straight  as  possible  and  not  less  than  5  in  in  diameter 
.  'Jae  saaU  end  for  light  buildings,  or  8  in  for  heavy  buildings.  The  woods 
.TioiBy  used  for  piles  are  spruce,  hemlock,  white  pine,  Norway  pine,  long-leaf 
: :  short4eaf  y^k>w  pine,  pitch-pine,  C3rpress,  Douglas  fir,  and  occasionally  oak, 
-r^ory.  ekn,  black-  gum  and  basswood.    There  does  not  appear  to  be  much 

^cTax^e    in  the   woods  as  to 

-jbSty  under  water,  but  the 

-zber  and  stronger  woods  are 
K  pirferteJ,  espedally  where 

-  pdes  are  to  be  driven   to 

--i-pan  and  hearily  loaded. 

Trtyarfaig     Wooden    Pfles 
^  Drivxag.    The  piles  should 

t    HLEPAaZD    »0«    DWVING    by 

-'  ir^  off  all  limbs  dose  to  the 
~-^   and  I    sawing     the    ends 

axt.    It   b  probably  better 

rcBXjfve  the  bark,  although 
'-a  are  more  often  driven  with 
'^  bark  on,  and  it  is  doubtful  if 
*^  bvk  makes  much  difference 
^^  way  or  the  other.  For 
Ting  in  soft  and  silty  soils, 
r^rienoe  has  shown  that  the 
nks  drive  better  with  a  square 
^^  at  When  the  penetration  b 
.-&i  than  6  ID  at  each  bk>w  the 
'  p  of  the  pile  should  be  pro- 
-ted  from  BKOomNG  by  put- 
T.f  Qo  an  IRON  RING,  about  i  m 

:£  in  diameter  than  the  head  of 
-■-£  pile,  and  from  2H  to  3  in 
»Tie  by  H  in  thick.  The  head  should  be  chamfered  to  fit  the  ring.  When 
'iriven  mto  compact  sofl,  such  as  sand,  gravel,  or  stiff  day,  the  point  of 
tbe  pile  should  be  SHOD  with  iron  or  steel.  The  method  shown  at  A,  Fig.  31, 
vr&wtn  very  well  for  all  but  very  hard  soils,  and  for  these  a  cast  conical  point 
wbcAt  5  in  in  diameter,  secured  by  a  k>ng  dowel,  with  a  aiMO  around  the  end 
d  the  pile,  as  shown  at  B,  makes  the  best  shoe.    Piles  that  are  to  be  driven  in  or 
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Fig.  31.    Pobts  of 


Wooden  Piles  Prepared  for 
Driving 
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exposed  to  salt  water  should  be  thoroughly  impregnated  with  creoaote>  dead  oi 
or  coal-tar,  or  some  mineral  poison  to  protect  them  from  the  tBRSDO  or  sari 
WOKU,  which  will  completely  honeycomb  an  ordinary  pile  in  three  or  four  year 

DriTing  Wooden  Piles  with  the  Drop-Hammer.  The  piles  should  alw^j 
be  driven  to  an  even  bearing,  which  is  determined  by  the  PENETRAnoN  uo<i4 
the  last  four  or  five  blows  of  the  hammer.  The  usual  method  of  driving  pil4 
for  the  support  of  buildings  is  by  a  succession  of  blows  given  with  a  block.  < 
cast  iron  or  steel,  called  the  haioier,.  which  slides  up  and  down  between  th 
uprights  of  a  machine  called  a  pile-drzvek.  The  machine  is  placed  over  til 
pile,  so  that  the  hammer  descends  fairly  on  its  head,  the  piles  always  beiz^ 
driven  with  the  small  end  down.  The  hammer  b  generally  raised  by  steam-po^vme 
and  is  dropped  either  automatically  or  by  ^nd.  The  usual  weight  of  ttM 
hammers  used  for  driving  piles  for  building  foundations  is  from  i  500  to  2  500  Ifc 
and  the  fall  varies  from  5  to  20  ft,  the  last  blows  being  given  with  a  short  fail 
Occasionally,  hammers  weighing  up  to  4  000  jpounds  and  over  are  used. 

Driving  Wooden  Piles  with  the  Steam-Hammer.  Steam-hammers ' 
are  to  a  considerable  extent  taking  the  place  of  the  ordinary  drop-hammers  ii 
large  cities,  as  they  will  drive  many  more  piles  in  a  day,  and  with  less  d«mag< 
to  the  piles.  The  steam-hanuner  delivers  short,  quick  blows,  from  sixty  tc 
seventy  to  the  minute,  and  seems  to  jar  the  piles  down,  the  short  interval  be^ 
tween  the  blows  not  giving  time  for  the  soil  to  settle  around  them.f  In  driv' 
ing  piles  care  should  be  taken  to  keep  them  plumb,  and  when  the  penetration 
becx>mes  small,  the  fall  should  be  reduced  to  about  5  ft,  the  blows  being  given  in 
rapid  succession.  Whenever  a  pile  refuses  to  sink  under  several  blows,  before 
reaching  the  average  depth,  it  should  be  cut  off  and  another  pile  driven  beside  it, 
When  several  piles  have  been  driven  to  a  depth  of  20  ft  or  more  and  refuse  to 
sink  more  than  H  in  under  five  blows  of  a  i  200-pound  hammer  falling  15  ft,  it 
is  useless  to  try  them  further,  as  the  additional  blows  only  result  in  brooming 
and  crushing  the  heads  and  points  of  the  piles,  and  splitting  and  crushing  the 
intermediate  portions  to  an  unknown  extent. 

Spacing  Wooden  Piles.  Piles  should  be  spaced  not  less  than  2  ft  nor  more 
than  3  ft,  on  centers,  imless  iron,  wooden,  *or  reinforced<oncrete  grillage  is 
used.  When  long  piles  are  driven  closer  than  2  ft  on  centers  there  is  danger  that 
they  may  force  each  other  up  from  their  solid  bed  on  the  bearing  stratum. 
Driving  the  piles  close  together  also  breaks  up  the  ground  and  diminishes  the 
bearing  power.  When  three  rows  of  piles  are  used  the  most  satisfactory  spac- 
ing is  2  ft  6  in  on  centers  across  the  trench  and  3  ft  on  centers  longitudinally, 
provided  this  number  of  piles  will  carry  the  wdght  of  the  building.  If  they 
will  not,  then  the  piles  must  be  spaced  closer  together  longitudinally,  or  another 
row  of  piles  driven;  but  in  no  case  should  the  piles  be  less  than  2  ft  apart  on 
centers,  unless  driven  by  meanif  of  a  water-jet.  The  number  of  piles  dnder  the 
different  portions  of  the  building  should  be  proportioned  to  the  weight  which 
they  are  to  support,  so  that  each  pile  will  receive  very  neariy  the  same  load. 

Capping  Wooden  Piles.  The  tops  of  the  piles  should  invariably  be  cut 
off  at  or  a  little  below  low  water-mark,  otherwise  they  will  soon  commence  to 
decay.  They  should  then  be  capped,  either  with  large  stone  blocks,  or  concrete, 
or  with  timber  or  steel  grillage. 

Oianite  Capping.  Wooden  piles  are  sometimes  capped  with  block-granite 
LEVELESS  which  rest  directly  on  the  tops  of  the  piles.    If  the  stone  does  not  fit 

•  See  Table  XI,  page  204. 

t  The  5  000  piles,  averaging  48  ft  in  net  length,  under  the  Chicago  Post  Office  wefv 
driven  with  a  iteain-baauner  weighing  4  400  lb  and  delivering  60  blows  per  minute. 
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(besnrfueaf  thepOe.  or  a  pQe  is  a  little  low,  it  is  wedged  up  with  oak  or  stone 
nd^es.  In  capping  with  stone  a  section  of  the  foundation  should  be  laid  out 
y^  tbe  drawings  showing  the  airangement  of  the  capping  stones.  A  single 
^^:^  may  rest  on  one,  two,  or  three,  but  not  on  four  pUes,  nor  on  three  piles  in 
.  itiiisht  line,  as  in  the  two  last-mentioned 
r^ie  it  is  practicaDy  impossible  to  make  the 
^ijoes  bear  evenly.  Fig.  32  shows  the  best 
sasffmtnt  of  the  capping  for  three  rows  of 
r^  Under  dwellings  and  light  buildings  the 
riics  are  often  driven  in  two  rows,  staggesed,  in 
Ti^  case  each  stone  should  rest  on  three  pilea. 
lucr  the  piles  are  capped,  large  footing  stones» 
otadiog  in  single  pieces  across  the  wall,  should 
X  bid  in  cement  mortar  on  the  capping.  Fig. 
U  rhowi  a  partial  piling-plan,  with  the  arrange- 
--rt  of  the  capping  stones,  of  the  Boston 
z^ber  of  Commerce  Building.  It  may  be 
lea  that  most  of  the  stones  rest  on  three  piles, 
•^  a  very  few  on  two  piles. 

Qaacmm  Capping.  In  New  York  City  a  veiy 
•ssataa  method  of  capping  is  to  excavate  to  a 
:£di  of  I  ft  below  the  tops  of  the  piles  and  i  ft 

jjidit  of  them  and  to  fill  the  space  thus 
:iavated  solid  with  Portland-cement  concrete^ 
<K»ted  in  layers  and  well  rammed.  After  the 
uDOcte  is  brought  level  with  the  tops  of  the 
:us  additional  layers  are  deposited  over  the 
■kJe  width  of  the  foundation  until  the  concrete 
£:ams  a  depth  of  x  8  in  above  the  piles.    On  this  foundation  brick  or  stone 

..ns^  axe  laid  as  on  solid  earth.  If  bng  bars  of  twisted  steel,  about  H  in 
ifoit  in  cross-section  are  embedded  in  the  concrete  about  3  in  above  the 
'.<ps  of  the  piles,  the  construction  makes,  in  the  opinion  of  the  author,  the  best 
.CB  of  capping,  the  twisted  bars  ^ving  great  transvexte  strength  to  the  concrete. 

I^ber-GtiUage  Capping.  Most  of  the  pile  foundations  of  Chicago  have 
*x^\7  timber  grillages  bolted  to  the  tops  of  the  piles  and  stone  or  concrete  foot- 
•^^  laid  on  top  of  the  grillages.  The  timbers  for  the  grillages  should  be  at  least 
:z  by  ID  in  in  cross-section,  and  should  have  sufficient  transverse  strength  to 
^.:^tun  the  load  from  center  to  center  of  piles,  using  a  low  fiber-stress.  They 
L^DuU  be  laid  longitudinally  on  top  of  the  piles  and  fastened  to  them  by  means 
i  Dtin-BOLTS,  which  are  plain  bars  of  iron,  either  round  or  square  in  section, 
cA  driven  into  holes  about  20%  smaller  in  section  than  the  bolts  themselves. 
RiKod  or  square  bars  i  in  in  section  are  generally  used,  the  holes  being  bored 
ty  a  HAn  auger  for  the  round  bolts  and  by  a  H-in  auger  for  the  square  bolts. 
Tae  bolts  should  enter  the  piles  at  least  i  ft.  If  heavy  stone  or  concrete  footings 
ire  used  and  the  space  between  the  piles  and  timbers  is  filled  with  concrete  level 
nth  the  tops  of  the  timbers,  no  more  timbering  is  required;  but  if  the  footings 
^  made  of  small  stones  and  no  concrete  is  used,  a  solid  floor  of  cross-timbers, 
1:  kast  6  in  thick  for  heavy  buildings,  should  be  laid  on  top  of  the  longitudinal 
cappiog  and  drift-bolted  to  them.  Where  timber  grillage  is  used  it  should,  of 
couise,  be  kept  entirely  below  the  lowest  recorded  water-line,  as  otherwise  it 
viil  rot  and  allow*  the  building  to  settle.  It  has  been  proved  conclusively, 
ttfvever,  that  any  kind  of  sound  timber  will  last  practically  forever  if  completdy 
ioaaied  in  water. 


Fig.   82.    Stone   Capping   for 
Three  Rows  of  Wooden  Piles 
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The  Advantecm  of  Timber  GfiUftf*  *n  that  it  is  easly  laid  and  cfiectuaJI:| 
holds  the  tops  of  the  piles  in  place.  It  also  tends  to  distxibute  the  presaun^ 
eveofy  over  the  pilea^  as  the  tnuiBveiie  strength  of  the  timber  will  help  to  carr^ 


F%.  S8.    Piliog-plsa,  Chamber  of  Commerce  Building,  Boetoa,  Mass. 

the  load  over  a  single  pile,  which  for  some  reason  may  not  have  the  same  bearing 
capacity  as  the  others.  Steel  beams,  embedded  in  concrete,  are  sometimes  used 
to  distribute  the  weight  over  piles,  but  some  other  form  of  construction  can 
generally  be  employed  at  less  expense  and  with  equally  good  results.* 

*  For  a  description  o(  the  pile  foundations  and  capping  of  the  Cbicsfo  Post  Office,  see 
Freitag's  Architectural  Engineering,  pages  350  to  3Sa. 
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^educations  for  Wooden-Pile  Foundations.  This  contractor  is  to  fur- 
Bsh  asd  drive  the  piles  indicated  on  sheet  No.  i. 

The  piles  are  to  be  of  sound  spruce  (hemlock,  long-leaf  yellow  pine)  perfectly 
straight  from  end  to  end,  trinuned  dose,  and  cut  off  square  to  the  axis  at  both 
ends. 

They  are  to  be  not  less  than  6  in  in  diameter  at  the  small  end,  xo  in  at  the 
.urge  end,  when  cut  off,  and  of  sufficient  length  to  reach  solid  bottom,  the  neces- 
sir>  leogth  of  i»Ies  to  be  determined  by  driving  test- piles  in  different  parts  of 
-e  foundation. 

.\I1  piles  are  to  be  driven  vertically,  in  the  exact  positions  shown  by  the  plan, 
^stil  they  do  not  move  more  than  5  in  under  the  last  five  blows  of  a  hammer 
•ciebing  2  000  lb  and  falling  20  ft.  All  split  or  shattered  piles  are  to  be  re- 
^  ved  if  possible  and  a  good  one  driven  in  place  of  each  imperfect  one.  In 
.!.■<<.  where  such  piles  cannot  be  removed  an  additional  pile  is  to  be  driven  for 
^:h  imperfect  one.  If  the  piles  show  a  tendency  to  broom,  they  are  to  be 
xfimd  with  wTought^iron  rings.  2H  in  wide  and  H  in  thick. 

AO  piles,  when  driven  to  the  required  depth,  are  to  be  sawed  off  square  for  a 
xriscmtal  bearing  at  the  grade  indicated  on  the  drawings. 

The  Baaxias  Power  of  Piles.  In  regard  to  their  use  for  supporting  build- 
.z^  pfles  may  be  divided  into  two  classes:  (i)  Those  which  are  driven  to 
'  jTK  or  HASD-PAN,  that  is,  firm  gravel  or  clay  and  (2)  those  which  do  not 

'.JXh  HAJU>-PAN. 

:  1)  A  pile  belonging  to  thb  dass  when  driven  through  a  soil  that  is  sufficiently 
L-:n  to  brace  the  pile  at  every  point,  may  be  computed  to  sustain  a  load  equal 
:  >  rhe  safe  resistance  to  crushing  on  the  least  cross-section.  If  the  surrounding 
^i]  is  plastic  the  bearing  power  of  the  pile  will  be  its  safe  load  computed  as  a 
,'jmn,  having  a  length  equal  to  the  length  of  the  pile  when  capped.  T&st- 
:'ks  driven  on  the  site  of  the  Chicago  Public  Library  Building,  through  27  ft 
.•  »ft,  plastic  clay,  23  ft  of  tough,  compact  clay  and  2  ft  into  hard-pan,  ^u^ 
i^Tjcd  a  load  of  50.7  tons  per  pile  for  two  weeks  without  apparent  settlement. 
ibere  are  many  instances  where  piles  driven  to  the  depth  of  20  ft  in  hard  clay 
"^nafn  fimn  20  to  40  tons,  and  a  few  instances  where  they  sustain  up  to  80  tons 
.rpile. 
fz]  \  pile  belonging  to  this  class  depends  for  its  bearing  power  upon  the 
mcnojf,  GOHESiON  and  buoyancy  of  the  soil  into  wliich  it  is  driven.  The 
..'r  knd  for  such  piles  is  usually  determined  by  ths  average  penetration  of 
tbt  pQe  under  the  last  four  or  five  blows  of  the  hammer.  Several  engineers 
-i^e  formulated  rules  for  determining  the  safe  loads  for  piles  of  this  class,  but 
th.re  are  so  many  conditions  that  modify  the  amount  of  the  penetration,  and 
's  exact  determination,  and  so  many  varying  conditions  of  driving  and  of 
'.'X  that  it  is  considered  impossible  to  formulate  any  rule  that  can  be  considered 
cLiircly  satisfactory  for  all  the  conditions  under  which  such  piles  are  driven. 

The  Eogiaecring  News  Formula.  The  formula  generally  used  by  engineers 
^15  licrived  by  M.  A.  Wellington,  and  is  often  referred  to  as  the  Engineering 
\>ws  pokjccla: 

The  safe  load  in  tons  «■  2  wh/  iS-\-i) 
r.  which 

V  a-  the  wdght  of  the  hammer  in  tons; 
k  »  the  hdght  of  fail  of  the  hanuner  in  feet; 

S  "  the  penetration  in  inches  under  the  last  blow  or  the  average  under 
the  last  five  blows. 

^lien  loads  are  based  on  this  formula  the  piles  should  be  driven  until  the  pene- 
tntioQ  does  not  exceed  the  limit  assumed,  or  if  this  is  found  to  be  impracticable, 
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new  calculations  must  be  made  based  on  the  smallest  average  penetraHoo  that 
can  be  obtained,  and  a  greater  number  of  piles  used.  In  localities  where  piling 
is  commonly  used  for  foundations,  the  least  penetration  that  can  be  obtained 
within  practical  limits  of  length  of  pile  can  generally  be  ascertained  by  observa- 
tion, or  by  consulting  somebody  who  is  experienced  in  driving  piles.  The  longer 
the  pile  the  less,  as  a  rule,  will  be  the  hnal  set  or  penetration.  Where  there  is  no 
experience  to  guide  one  it  will  be  necessary  to  drive  a  few  piles  to  determine 
the  length  of  pile  required,  or  the  least  set  for  a  given  length  of  pile.  Some 
piles  will  have  to  be  driven  further  than  others  to  bring  them  to  bearings  of 
equal  resistance.  When  the  piles  are  to  be  loaded  to  more  than  50%  of  the 
assumed  safe  load,  the  final  set  of  each  pile  should  be  carefully  measured  by  an 
inspector,  the  broom  and  splintess  being  removed  from  the  head  of  the  i»le 
for  the  last  blow. 

Safe  Loads  for  PUes.  Table  X.  computed  by  the  above  formula,  gives  the 
safe  loads  for  different  penetrations,  under  different  falls  of  a  hanmier  weighing 
I  ton.  For  a  hammer  of  different  weight  multiply  the  safe  load  in  the  table 
by  the  actual  weight  of  the  hammer  in  tons.  Thus,  for  a  hanuner  weighing 
I  000  lb,  the  values  in  the  table  should  be  multiplied  by  H  and  for  a  i  500-lb 
hammer,  by  H. 

TaUe  Z.    Safe  Loads  in  Tons  for  Pilea 

For  hammer  weighing  z  ton 


Penetration 
of  pile  in 
inches 

Height  of  the  fall  of  the  hammer  in  feet 

3 

4 

5 

6 

8 

10 

la 

14 

16 

18 

-9.1 
24.0 
20.7 
18.0 
16.I 
14  4 
13. 1 
12.0 
10.3 
9.0 
8.0 
7.2 
6.0 
S.I 

ao 

25 

30 

.0.25 

0.50 
0.7S 
x.oo 
I. as 
I. SO 
1.7S 
3.00 
a. so 
3.00 
3.S0 
4.00 
S.oo 
6.00 

4 
4 
3 
3 

.8 
.0 
4 
.0 

6 
5 

4 
4 
3 
3 

4 
3 
6 
0 
6 
a 

8.1 
6.7 
S.7 
S.o 
45 
4.0 
3.6 
3.3 

9  7 
8.0 
6.9 
6.0 
5  4 
4.8 
4-4 
4.0 
3.4 
3.0 

ia.9 
10.7 
9.2 
8.0 
7.1 
6.4 
5.8 
53 
4.6 
4.0 
3.6 
3. a 

16.1 
13.3 
11. 5 
10. 0 
8.9 
80 
7.3 
6.7 
57 
SO 
4-4 
4.0 
3  3 

19.4 
16. 1 
13.8 
la.o 
10.7 
9.6 
8.8 
80 
6.9 
6.0 

11 

4.0 
3  4 

22. S 

18.7 
16.  z 
14.0 

12.5 
II. 2 
10.2 

9-3 
8  0 
7.0 
6.2 
5.6 
4  7 
4.0 

25. 8 
21.3 
18.4 
16.0 
14.3 
12.8 
11.7 
10.7 
91 
8.0 
7.1 
6.4 
53 
4.6 

32.3 
a6.6 
23.0 
20.0 
17  9 
16.0 
14.6 
13  3 
"4 
10. 0 

89 

8.0 
6.7 
57 

33.3 
28.8 
25. 0 

22.3 

20.0 
18.2 
16.7 
14.3 

12. S 
IX. I 

10. 0 

8.3 

7.1 

34  5 
30  0 
36.7 
24.0 
21  9 

ao.o 
17.1 
ISO 
13.3 

13. 0 
ICO 

8.6 

Example  of  Comimtatiofls  for  Pfie  FoundatioB.  Suppose  that  from  the 
observations  of  the  pile-driving  for  an  adjacent  building  it  is  found  that  piles 
driven  from  30  to  30  ft  take  a  set  of  i  in  under  a  i  aoo-lb  hanmier  falling  ao  ft, 
and  that  additional  blows  result  in  about  the  same  set. 

From  Table  X  we  find  that  the  safe  load  for  a  fall  of  20  ft  and  a  penetra- 
tion  of  I  in  is  20  tons.  Multiplying  by  the  weight  of  the  hammer  in  tons,  0.6, 
we  have  la  tons  as  the  safe  load  per  pile.  Suppose  that  the  total  load  on  i 
fin  ft  of  footing  is  13  tons.  As  we  must  have  at  least  two  rows  of  piles,  and 
each  two  piles  will  support  34  tons,  it  follows  that  the  spacing  of  the  piles 
longitudinally  should  be  34/13  -  i  ft  10  in.  As  this  is  too  dose,  we  should  use 
three  rows  of  piles,  q;)aced  3  ft  apart  laterally,  and  the  longitudinal  spacing 
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vooid  then  be  36/13  »  3  f t  9  in.  The  width  of  the  capping  would  be  about 
5  ft.  If  the  load  on  the  piles  under  the  interior  columns,  for  example,  is  105.8 
toes,  this,  divided  by  12,  the  safe  load  for  one  pile,  gives  nine  piles,  or  three  rows 
'  tkee  piles  each,  which  should  be  spaced  2  ft  6  in  apart,  each  way. 

Some  Actiud  Loads  on  Wooden  Piles.  The  following  examples  of  the 
i^tial  loads  supported  by  piles,  tmder  well-known  buildings,  and  of  loads  which 
piles  hav€  borne  for  a  short  time  without  settlement,  should  be  of  value  when 
1»'%iing  pile  foundations. 

Boston.  At  the  Southern  Raihx>ad  Station  three  piles  were  loaded  with 
iboot  60  tons  of  pig  iron,  20  tons  per  pile,  without  settlement.  The  allowed 
kad  was  10  tons  per  pile. 

Piles  12  in  in  diameter  at  the  butt  and  6  in  at  the  point,  driven  31  ft  into  hard, 
h-jt  day  near  Haymarket  Square,  failed  to  show  movement  under  30  tons, 
'Se  ultimate  load  being  probably  60  tons.*  Other  piles  driven  17.9  ft  sustained 
1  bad  of  31  tons  each.  The  average  penetration  under  the  last  ten  blows  of  a 
:  710-Ib  hammer  falling  from  9  to  12  ft  varied  from  0.4  to  0.95  in  per  blow  for 
iteen  piles. 

Ptks  25  ft  loos  under  the  Chamber  of  Commerce  Building  penetrated  about 

Ic  under  the  last  blow  of  a  2  ooo-lb  hammer  falling  about  15  ft. 

CmcAGO.  -  In  the  Public  Library  Building  the  piles  were  proportioned  to 
.:  toos  each  and  were  tested  to  50.7  tons  without  settlement. 

In  the  Schiller  Building  the  estimated  load  was  55  tons  per  {ule;  the  building 
untied  from  iH  to  2H  in. 

In  the  Passenger  Station  of  the  Northern  Pacific  Railroad,  at  Harrison  Street, 
;l£s  50  ft  long  were  designed  to  cany  25  tons  each  and  did  so  without  per- 
'.^"ble  settlement. 

The  Art  Institute  Building,  parts  of  the  Stock  Exchange  Building  and  also 
a  hige  nnmber  of  wardiouses  and  other  buildings  on  the  banks  of  the  river 
:e&i  on  piles. 

New  Yobk  Ctty.  The  Ivins  (Park  Row)  Building  b  supported  by  about 
J  soo  x4-in  spruce  piles,  arranged  in  clusters  of  fifty  or  sixty,  for  angle  columns, 
cd  a  corresponding  number  tmder  piers  supporting  two  or  more  columns. 
r«£  (sles  were  driven  to  refusal  of  i  in  under  a  20-ft  fall  of  a  2  ooo-lb  hammer. 
T^  material  is  fine,  dense  sand  to  a  depth  of  over  90  ft.  But  few  piles  could  be 
v.-xvcn  more  than  15  or  20  ft.    The  average  maximum  load  per  pile  is  9  tons.f 

The  American  Tract  Society's  Building  is  supported  on  piles. 

BaooKLiTN.  Piles  under  the  Government  Graving  Dock,  driven  32  ft,  on 
tiif  average,  into  fine  sand  mixed  with  fine  mica  and  a  little  vegetable  loam,  are 
sspposed  to  sustain  from  10  to  15  tons  each. 

New  OaJLEAKS.  Piles  driven  from  25  to  40  ft  into  a  soft  alluvial  soil  carry 
ufdy  from  15  to  25  tons,  with  a  factor  of  safety  of  from  6  to  84 

The  Cost  of  Driving  Wooden  Piles.  The  cost  of  driving  piles  naturally 
vines  with  the  character  of  the  soil,  and  the  conditions  under  which  they  are 
driven. 

New  York  Crrr.  A  2  500-lb  drop-hammer  drove  4  piles  per  day  of  xo  hours. 
^Ilth  a  steam-hammer,  13  piles  per  day  were  driven,  for  the  same  foundadon. 
The  piks  were  70  ft  long,  8  in  in  diam  at  the  pouit  and  15  in  at  the  head. 

The  average  cost  of  driving  800  piles  with  the  steam-hammer  was  $2  each.  In 
Nev  York  Harbor  i  800  piles  were  driven  by  a  steam-hammer,  from  24  to  26  ft 
tr.tfi  gravel  and  hard-pan,  at  a  cost  of  80  cts  each. 

*  HonKC  J.  Howe,  American  Architect,  June  11, 1898. 

f  F<ff  a  deaciiptioD  of  this  foundatioo,  Bee  the  Engineering  Record  of  July  a3»  1898. 

:  W,  M.  Pattoo. 
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Cbicago.  Forty  Norway-pine  piles  were  driven  by  a  firm  of  oontiactora 
45  ft  deep  every  ten  hours  at  a  cost,  for  driving;,  of  ss  cts  each.  Another  firm 
drove  from  6o  to  65  piles,  each  45  ft  long  and  15  ft  deep,  into  hard  sand  each  day 
at  a  cost  of  about  30  cts  each.    In  both  cases  steam-hammers  were  used.* 

Boston.  Spruce  piles  from  30  to  45  ft  long  cost  from  $3  to  $5,  in  place. 
Long-leaf  yellow  pine  piles,  as  long  as  70  ft,  cost  about  $15  apiece  for  the  piles 
themselves,  and  $2  or  more  each  for  the  driving.  Oak  piles  from  40  to  50  ft 
long  cost  from  $8  to  $xo  each,  in  place.f 

Some  Other  References  to  Wooden  Pfles  and  PUe^Driving.  A  very 
valuable  paper  on  "  Some  Instances  of  Piles  and  Pile-Driving,  New  and  Old,  ** 
by  Horace  J.  Howe,  was  published  in  the  American  Architect  and  Building  News, 
commencing  June  xi,  1898.  The  paper  records  a  great  many  tests  and  gives 
several  formulas  and  many  experiences  of  distinguished  engineers.  Part  I  of 
Building  Construction  and  Superintendence,  by  F.  £.  Kidder,  gives  additional 
information  in  regard  to  pile  foundations  and  experiments  on  the  bearing  power 
of  piles.  Much  valuable  information  on  piles  is  given  in  "A  Practical  Treatise 
on  Foundations,"  by  W.  M.  Patton.  The  recent  Engineers'  Handbooks,  also, 
should  be  consulted  for  additional  data. 

28.  Concrete-Pile  Foundations 

Durability  of  Wooden  and  Concrete  Piles.  Concrete  piles,  cither  plain 
or  reinforced,  possess  many  advantages  over  wooden  piles  and,  in  general,  can 
be  used  in  all  places  where  wooden  piles  can  be  driven.  Concrete  piles,  com- 
pared with  wooden  piles,  have  primarily  the  advantage  of  greater  permanekce. 
Timber  piles,  kept  constantly  wet  and  protected  from  the  action  of  the  torrcdo 
or  other  destructive  influences,  may  be  practically  everlasting,  but  cannot  be 
counted  upon  above  water  level;  whereas  concrete  piles  should  be  proof  against 
all  deteriorating  actions,  whether  wet  or  dry,  except  the  action  of  freezing  on 
wet  concrete. 

Strength  of  Wooden  and  Concrete  Piles.  Concrete  piles  without  rein- 
forcement, if  made  of  good  concrete,  should  have  nearly  the  same  crushing 
STRENGTH  pcr  squarc  inch  as  ordinary  yellow-pine  piles,  and  with  properly 
placed  reinforcement  concrete  piles  should  have  a  much  higher  crushing  strength 
per  square  inch  than  timber  piles.  Moreover,  timlier  piles  do  not  have  iwi- 
FORM  CROSS-SECTIONS.  For  instance,  a  slender  timber  pile  40  ft  in  length  and 
12  in  in  diameter  at  the  butt,  is  probably  not  over  6  in  in  diameter  at  the  point. 
In  direct  compression  the  load  on  a  point-bearing  pile  of  the  above  dimensions 
is  limited  to  the  safe  load  on  the  point  of  the  pile,  where  it  is  6  in  in  diameter; 
and  a  cylindrical  concrete  pile,  12  in  in  diameter  and  under  similar  conditions, 
will  have  a  cross-section  of  113  sq  in  at  all  points,  compared  with  the  cross- 
section  of  28  sq  in  at  the  point  of  the  timber  pile.  Moreover,  if  we  consider 
both  piles  as  long  roLUMNS,  it  must  be  borne  in  mind  that  a  timber  pile  may  not 
be  straight  and  that  it  may,  therefore,  be  subject  to  stresses  and  deforuatiovs 
due  to  eccentric  loading,  which  are  avoided  in  a  straight,  concrete  pile. 

Reinforced-Concrete  Piles.  In  practice  concrete  piles  are  generally  rein- 
forced, and  if  a  pile  is  to  be  considered  as  a  long  column  the  reinforcement  may 
be  increased  at  the  center,  so  as  to  provide  for  stresses  due  to  handling  and  to 
its  acting  as  a  long  column.  The  concrete  piles  may  be  formed  complete, 
above  ground,  in  which  case  they  may  be  straight  or  tapered,  with  square,  dr-  1 
cular  or  other  cross-sections.    The  reinforcement  may  consist  of  a  number  of 

•  Areencan  Architect,  June  4.  1898.  paife  78. 

t  George  B.  Francis,  in  American  Architect,  July  23, 1898.  I 
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rzal  rods  generany  ciisposed  symmetrically  around  the  axis  of  the  pile.  The 
"i^  rods  should  be  connected  by  horizontal  wiring  or  by  spiral  reinforcement. 
>  tiore  stated,  the  reinforcement  may  be  increased  at  the  central  section  so 

;  provide  against  stresses  due  to  the  use  of  the  pile  as  a  long  coLUiiN,  in 
:  case  the  additional  reinforcement  should  be  placed  near  the  periphery 

•'-£  ouas-section. 

'yfe%  of  Concrete-Pile  Reinforcement    There  are  many  types  of  rein- 

•  fMEKT,  one  method  even  employing  a  woven-wirc  fabric  which  is  laid  out 
•-!  a  taUe  and  covered  with  a  thin  layer  of  concrete,  the  entire  mat  comprising 
■irt  fabric  and  the  concrete  being  then  rolled  into  a  solid  cylindrical  form 

'c&.  when  set,  forms  the  finished  pie.  The  concrete  piles  may  be  formed  in 
'  i.  by  any  one  of  several  different  methods. 

Tke  Raymond  Method  of  Fonning  Concrete  Piles  in  Place.  In  the 
iiifd  Raymond  Pile  Method  a  steel  mandrel  of  tapered  form  is  driven  into 
zround,  and  when  the  required  penetration  has  been  obtained  this  mandrel 
iipied  and  withdrawn,  leaving  a  hole  corresponding  to  the  size  of  the  ex- 
i«i  mandrel  in  the  ground;   this  hole  is  then  filled  with  concrete.    The  rein- 

-  e-aent  may  be  placed  in  the  hole  prior  to  the  placement  of  the  concrete. 
-  method,  as  described,  is  applicable  only  to  such  material  as  will  stand 
"^  the  mandrel  is  being  withdrawn  and  the  hole  is  being  filled  with  concrete. 
r»-4  ca^cs  the  method  used  is  as  here  described  except  that  a  thin  shell  of 

•  *  *5  placed  on  the  mandrel  before  driving.     When  the  mandrel  is  collapsed 

Sell  b  left  in  the  ground,  thus  forming  a  lining  for  the  hole  which  is  sub- 
•■■i!tly  filled  with  concrete  or  with  reinforcing- rods  and  concrete,  as  before 
Tiled.  Raymond  piles  have  been  extensively  used,  especially  for  friction- 
>  or  SKIN-BEARING  PILES  in  soft  and  artificially  filled-in  ground.  An  im- 
td  f<xm  of  lining-shell  recently  employed  in  the  Raymond  method  is  com- 

trt  31th  a  spiral  reinforcement  inside  of  the  shell,  which  materially  assists  in 

.>:aung  the  collapse  of  the  shell. 

The  Simfdex  Method  of  Forming  Concrete  Piles  in  Place.    The  Simplex 

'  rsQD  differs  from  the  Raymond  method  and  may  be  briefly  described  as 

-*<:   A  steel  pipe,  generally  cylindrical  in  form,  of  the  required-  size  and 

'.tb  and  fitted  with  a  detachable  cast-iron  conical  driving-point,  is  driven  into 

-  ZTQRmd  to  the  required  depth;  the  pipe  ii  then  partially  filled  with  concrete. 
'-ton-Uke  PLtrNGER,  smaller  in  diameter  than  the  inside  diameter  of  the 

'  U  then  placed  on  the  concrete  and  the  pipe  is  partially  withdrawn,  leaving 
r  .iri\ing-point  and  part  of  the  superimposed  concrete  in  the  ground.  This 
'.rition  is  repeated  until  the  pile  is  built  up  to  the  required  height.  In  cer- 
materials,  instead  of  using  a  detachable  driving-point,  the  driving-point 
i>i5ts  of  two  jaws  hinged  to  the  lower  end  of  the  pipe,  so  arranged  that  while 
•jfc  the  driving  they  form  a  driving-point,  when  the  pipe  is  withdrawn  they 
•-1  and  form  an  extension  of  the  cylindrical  pipe.    In  other  words,  the  jaws 

'■^  lormed  of  steel  plates  previously  bent  to  the  same  radius  as  the  radius  of 
-.  p^pe  axxl  so  hinged  that  when  they  are  in  their  open-position  the  plates 

■rrnkig  the  jaws  constitute  an  extension  of  the  cylindrical  surface  of  the  pipe. 
i^  evident  that  plain  rdnforcing-bars  can  be  placed  in  position  before  concrete 
fA  into  the  pipe. 

Candon  for  Concrete  Piles  Built  in  Place.  Care  should  be  taken  in  design- 
---  and  pladfig  the  reinforcing  for  all  concrete  piles  built  in  place,  that  the 
>'^«rquaBt  ptadng  of  the  concrete  does  not  throw  the  reinforcement  out  of 
•^rticio  and  that  all  voids  between  the  reinforcement  and  the  shell  are  com- 
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The  Pedestal  Pile  is  designed  to  give  an  eniakged  cross-sechom  at  the 
base  of  the  pile.  The  method  is  similar  to  that  of  the  Raymond  method,  the 
increase  in  diameter  being  obtained  as  follows:  After  the  pipe  has  been  driven, 
the  driving-core  is  withdrawn  and  the  pipe  partially  filled  with  concrete.  Then 
the  concrete  in  the  pipe  is  rammed,  forcing  the  concrete  out  of  the  pipe  and  com- 
pressing the  material  below  the  pipe,  so  that  the  concrete  is  fenced  into  the  soil. 
A  repetition  of  this  operation  results  in  forming  a  base  or  mushroom  below  the 
pipe  larger  in  diameter  than  the  diameter  of  the  pipe.  Finally  the  pipe  is  with- 
drawn, the  filling  and  ramming-operations  continuing  meanwhile,  until  the  pile 
b  carried  up  to  the  required  height. 

Compogite  Piles.  Protected  piles,  for  use  in  localities  where  the  torredo 
affects  the  life  of  timber  piles  under  water,  are  composed  of  timber  piles  with 
concrete  coatings  held  in  position  by  steel  reinforcements  in  the  shape  of  expanded 
metal  or  wire  netting.  Such  piles  are  to  be  considered  as  timber  piles  rather 
than  as  concrete  piles. 

Timber  Piles  with  Concrete  Caps.  In  some  localities  where  the  permanent 
water-level  is  considerably  below  the  level  of  the  required  excavation,  timber 
piles  have  been  driven  with  a  follower,  the  follower  consisting  of  a  steel  pipe 
or  cylindrical  shell.  When  the  head  of  the  pile  is  driven  to  a  safe  distance 
below  low  water  the  pipe-follower  is  filled  with  concrete  and  ¥nlhdrawn. 
leaving  the  concrete  pier  resting  on  a  timber  pile.  This  composite  pile  would 
appear  to  possess  the  advantage  of  combining  the  cheapness  of  a  timber  pile 
below  the  water-level  with  the  permanency  of  a  concrete  pile  above  the  water- 
level.  Great  care,  however,  should  be  used  in  adopting  this  method  on  account 
of  the  difficulty  of  securing  proper  connection  between  the  concrete  and  the 
wooden  pile. 

The  Methods  used  in  Driving  Built-up  Piles  arc  practically  the  same 
as  are  used  in  driving  wooden  piles,  except  that  a  cushion  of  wood,  rope,  or 
other  material  is  placed  on  the  head  of  the  pile  to  be  driven  to  cushion  the  blow 
of  the  hammer.  Steam-driven  or  air-driven  reciprocating  hammers  are  pref- 
erable to  the  ordinary  drop-hammers.  In  stiff  materials  the  use  of  a  water- 
jet  is  advisable  and,  in  fact,  in  many  cases  indispensable.  In  lifting  concrete 
piles  use  is  made  of  a  special  sling  which  is  attached  to  a  pile  at  two  points,  each 
point  one-quarter  of  the  length  of  the  pile  from  the  end.  The  sling  should  have 
a  SPREADER  so  that  the  stress  due  to  the  oblique  pull  of  the  chAin-sling  is 
taken  up  by  the  spreader  rather  than  by  the  pile. 

The  Casting  of  Concrete  Piles.  Concrete  piles  should  be  cast  in  one 
PIECE  by  a  continuous  operation  so  that  there  will  be  no  plane  of  weakness 
formed  between  partially  set  concrete  and  fresh  concrete.  They  may  be  cast 
either  in  a  vertical  position,  in  forms,  or  in  a  horizontal  position.  Square-sec- 
tion concrete  piles  have  been  cast  in  a  horizontal  position  and  side-forms,  only, 
used,  the  previously  cast  concrete  pile,  protected  by  paper,  forming  the  bottom 
form.  In  some  cases,  where  it  is  intended  to  use  a  water-jet  in  sinking  a  pile, 
the  latter  is  cast  around  an  iron  pipe  which  is  afterwards  used  for  the  water- 
jet.  In  general,  however,  this  b  dispensed  with  and  an  external  detachable 
pipe  used  for  the  water-jet. 

Incidental  Advantages  of  Concrete  Piles.  In  many  cases,  where  concrete 
piles  are  more  expensive  than  timber  piles,  the  saving  in  excavation  and  foot- 
ings more  than  offsets  the  increased  cost.  For  example,  if  the  excavation  for 
the  cellar  of  a  building  does  not  go  down  to  water-level,  the  use  of  timber  piles 
will  necessitate  excavating  down  to  a  point  below  water-level  in  order  that  the 
piles  may  be  cut  off  low  enough  to  keep  their  heads  always  wet.    Concrete 
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xbw  however,  can  be  driven  from  the  level  of  the  bottom  of  the  cellar-excava- 
.'  and  this  additional  excavation  and  the  necessary  construction  between 

t^cavration-level  and  the  level  of  the  cut-off  for  the  timber  piles  thus  avoided. 
•::o\^er,  as  one  concrete  pile  may  have  a  supporting  power  equal  to  the 
•pc>rting  pcywer  of  four  wooden  piles,  the  size  of  the  footings  wUl  be  much 
'.Jer  with  concrete  piles  than  with  wooden  piles. 

Companson  of  Wooden  and  Concrete  Piles  under  Piers.  The  footings 
- 1  cdumn  or  pier  24  in  sq  in  section,  requiring  for  its  support,  say,  sixteen 
>  .oden  piles,  spaced  2  ft  6  in  from  center  to  center,  will  be,  allowing  for  slight 
,«4 j:klities  in  clriving,  approximately  xo  ft  square,  the  projections  being  4  ft 
•.  tvi  the  size  of  the  base.  Such  a  footing  will  ordinarily  require  a  steel 
-JA^  or  rdniorced-concrete  base,  or,  if  made  of  ordinary  concrete,  will  be  of 
:-\  considerable  depth;  whereas,  if  four  concrete  piles,  placed  3  ft  from  center 

enter,  are  used,  instead  of  wooden  piles,  the  area  of  the  base  will  be  a  little 

'  4  ft  square  and  the  projection  will  be  only  i  ft.    A  suitable  footing  would 
'.-ift  of  a  reinforced-concrete  cap  not  over  2  ft  in  thickness.    The  saving  in 

:  of  excavation,  concrete  and  steel  in  the  footing  is  all  in  favor  of  the  use 

csaete  piles. 

C«icrete  Piles  under  Walls.  In  the  case  of  a  continuous  wall,  where  the 
-■!  per  linear  foot  of  wall  is  not  great,  a  single  row  of  concrete  piles  is  often 
~neat  to  support  the  wdght  of  the  wall.  In  such  cases,  the  piles  should 
• '  be  i^aced  in  straight  lines  but  should  be  staggered,  and  a  sufficient  footing 
'.  id  be  constructed  connecting  the  heads  of  the  piles,  so  as  to  afford  stability 
Mbe  wall. 

Tbe  Method   Employed  in  Calculating  Reinforcement  for  Concrete 

"^ies  is  the  same  as  that  employed  in  calculating  ordinary  reinforced-concrete 

ans,  the  only  difference  being  that  where  a  pile  is  not  point-bearing,  but  is 

'cndent  on  the  surrounding  material  for  its  support,  it  need  not  be  considered 

.  :  lostc  coLUMS.     Point-bearing  piles  deriving  their  support  from  some 

:.<!  material  on  which  their  lower  extremity  rests,  must  be  considered  as  long 

Liicis,  on  the  assumption  that  the  material  surrounding  the  pil^  may  fail 

-jpport  them.     In  the  case  of  friction-piles,  depending  for  their  support 

rtn  the  siurounding  material,  this  assumption  cannot  be  made,  as  any  failure 

-  'jjc  material  will  involve  a  settlement  of  the  pile.    It  should  be  borne  in  mind 

-.:  any  structure  supported  on  piles  supported  by  skin-friction  is  dependent 

T  lis  stability  upon  the  continued  supporting  power  of  the  material  surround- 

~.x  ine  pOes.     In  ikany  cases  buildings  resting  on  piles  driven  into  soft  ground 

-■•c  settled  as  the  result  of  the  consolidation  and  settlement  of  the  material 

mtoiviing  the  piles,  notwithstanding  the  fact  that  the  piles  when  driven  were 

.xply  able  to  support  the  loads  for  which  they  were  designed. 

Iran-Pipe  Piles  with  Concrete  or  Reinforced-Concrete  Filling  have  been 
^  -e-J  in  i^ace  of  wooden  or  concrete  piles,  especially  in  underpinning-work. 
rne  objection  to  the  use  of  such  piles  is  that  the  iron  pipe  forming  the  external 

-  .1  may  rust,  in  which  case  the  strength  of  the  pile  is  reduced  to  the  strength 
•i  the  concrete  filling  and  the  reinforcement  contained  therein.  The  writer 
id!e\es  that  they  should  not  be  used  for  permanent  work. 

Leads  Allowed  on  Concrete  Piles.  The  building  laws  of  most  cities 
JJ  >w  on  concrete  piles  from  350  to  500  lb  per  sq  in  on  the  concrete  plus  from 
'*  ooo  to  7  500  lb  per  sq  in  on  the  vertical  reinforcement.  On  this  statement 
i:  vojM  appear  possible  to  design  a  short  concrete  pile  12  in  square,  on  which 
-be  allowed  load  would  be  100  tons,  and  it  is  possible  that  such  a  pile,  tested 
ss  a  SBoax  column,  would  develop  in  a  testing-machine  a  strength  justifying 
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the  use  of  such  construction;  but,  bearing  in  mind  that  the  character  of  the 
support  for  the  base  of  such  a  column  is  underground  and  cannot  be  inspected, 
and  bearing  in  mind  also  the  tmcertainties  attending  the  manufacture  of  the 
pile,  it  is  evident  that  it  would  be  improper  to  load  a  pile  to  this  extent  in  practice. 
It  would,  however,  be  considered  good  practice  to  load  concrete  piles  up  to  one- 
third  of  a  test-load  applied  to  not  less  than  3%  of  the  piles  used.  In  ordixuiry 
practice,  rdnforced-concrete  piles  are  loaded  up  to  500  lb  per  sq  in  of  cross-sec- 
tion. 

29.  Foundation  Pters  and  Foundation  Walls 

Foundation  Piert  and  Walls  as  distinguished  from  ordinary  cellar  pikrs 
and  WALLS,  extend  from  the  level  of  the  underside  of  the  cellar-floor  to  rock  or 
other  solid  foundation-bed.  (See  page  129,  Subdivision  i,  and  also  Chapter 
in,  pages  228-9.)  In  general,  such  piers  and  walls  are  composed  of  concrete 
and  are  of  such  dimensions  that  the  safe  unit  loads  on  the  concrete  forming 
them  are  not  exceeded.  If  the  foundation-bed  is  rock,  compact  hard-pan,  or 
gravel,  there  need  be  little  or  no  enlargement  of  the  base  of  the  pier  or  wall,  as 
the  safe  unit  loads  on  such  natural  foundation-beds  are  generally  equal  to  the 
safe  unit  loads  on  the  concrete  forming  the  body  of  the  pier  or  wall.  The  design 
of  such  piers  and  walls  is  therefore  an  entirely  simple  matter  governed  by  the 
principles  already  outlined,  and  by  certain  considerations  mentioned  hereafter. 

The  Methods  used  in  the  Construction  of  Foundation  Piers  and 

Walls  are,  however,  necessarily  varied  to  suit  different  materials  and  to  meet 
different  conditions  encountered,  and  the  design  of  a  pier  necessarily  diHers  with 
different  methods  of  construction.  For  example,  if  the  construction  is  to  he 
executed  by  means  of  the  ordinary  shekt-piling  method,  piers  and  walls  will 
have  in  general  rectangular  outlines.  But  if  the  Chicago  biethod  or  the  pnel*- 
MATic  CAISSON  IS  employed,  it  will  generally  be  cheaper  to  use  piers  ha\ing  a 
circular  cross-section  and  the  support  for  walls  may  be  a  succession  of  cylinders 
rather  than  continuous  walls.  The  detailing  of  the  concrete  structure  consti- 
tuting the  piers  or  walls  is  simple  after  a  determination  is  made  of  the  methods 
by  which  the  construction  is  to  be  put  in  place.  This  subject  is  discussed  in  the 
following  chapter-subdivision,  Methods  of  Excavating  for  Foundations. 

3f.   Methods  of  Excavating  for  Foundations 

Simple  and  Complex  Excavations.  Excavations  in  earth  for  footings  of 
walls  and  piers  may  vary  from  simple  trenches  and  pits  of  the  required  sixes 
and  depths  to  accommodate  the  footings,  up  to  deep  subaqueous  excavations 
requiring  all  the  resources  of  engineering  skill. 

The  Sides  of  Excavations.  If  the  earth  is  firm  and  the  depth  not  excessive 
the  sides  of  the  excavation  may  be  self-supporting,  in  which  case  the  excavation 
may  be  made  the  neat  size  of  the  footing  and  the  sides  of  the  excavation  may 
take  the  place  of  forms  for  the  concrete  deposited  to  form  the  footing.  Where 
the  excavation  is  deep,  and  especially  where  the  earth  is  not  firm,  the  sides  of 
the  excavation  must  be  sloi)ed  or,  if  made  vertical,  must  be  supported  by  bracing  j 
or  by  some  form  of  sheet-piling.  Where  the  excavation  is  over  8  ft  in  depth  it 
will  generally  be  cheaper  to  support  the  sides  of  the  excavation  than  to  slope 
them.  Where  the  excavation  adjoins  a  property-line  it  will  generally  be  inad- 
visable to  slope  the  excavation  on  account  of  damage  to  the  adjoining  property, 
and  in  such  cases  it  will  be  necessary  to  use  sheeting,  even  if  sloping  the  earth 
would  be  cheaper. 


yGoogk 


Methods  of  Excavating  for  Foundations 


201 


Fig.  84.    Extensible  Brace  for  Narrow  Excavations 


Bncms  in  many  cases  will  serve  to  support  the  sides  of  the  excavation  with- 
i-at  the  necessity  of  close  sheeting.  The  bracing  may  consist  simply  of  short 
.•rtxs  of  PLANK  placed  against  opposite  sides  of  the  excavation  and  held  in 
.•i^tioQ  by  horizontal  timber  struts  secured  by  weix>es;  or,  especially  in 
^jTow  trenches  some  form  ol 

^  LXTKNSIBLE    SEWER-BRACE 

2^y  be  used.  Fig.  34  repre- 
-rrts  a  usual  form  of  ex- 
tensible BRACE.  Generally, 
ivrever,  the  sides  of  an  ez- 
ca-satioQ  will  not  stand  with  a 
•  .^Dcal  face,  even  if  braced  in 
.h>  manner,  for  any  length  of 
j-^  and  il  the  material  is 
•*^  sand  or  soft  clay,  such  bracing  is  entirely  inadequate.  In  such  cases, 
i:k1  in  fact  generally,  some  form  of  continuous  sheet-piling  must  be 
txpJoyed. 

OrdisBxy  Wooden  Sheet-Piling  consists  of  a  continuous  line  of  vertical 
:  Links  held  against  the  sides  of  the  excavation  by  horizontal  timbers  known  as 
f  \L£Sv  WALING  or  BREAST-TIMBERS,  these  wales,  or  breast-timbers  being  in  turn 
-^yiported  either  by  cross-braces  extending  across  the  excavation  to  an  oppo- 
-n  wall  or  sde  of  the  excavation,  or  by  inclined  struts  known  as  shores  or 
'.ssERS,  extending  to  the  bottom  of  the  excavation  where  heels  or  inclined 
.informs  are  sunk  in  the  undisturbed  material  to  afford  points  of  support. 

Eartfa-PreBSure  on  Sheet-Piling.  The  load  on  the  sheeting  due  to  the 
rv«TH -PRESSURE  may  be  calculated  on  the  assumptions  made  for  the  design  of 
LiiTAiNiNG-WALLs,  but  the  thickness  of  the  sheeting  planks,  the  sizes  and  spacing 
t:  ibe  brost-pieces  and  braces,  if  figured  on  this  basis,  will  in  general  exceed  the 
^jzs  constantly  used  with  success  and  safety  in  such  work.  The  probable  reason 
'.4^  this  fe  that  an  earth  bank,  when  steadied  and  in  part  supported  by  the  sheet- 
.  z.  does  not,  for  a  considerable  time,  lose  the  cohesion  between  its  particles 
.ciiral  to  most  earth  banks  in  their  original  and  undisturbed  state.  Or,  in 
iber  words,  under  these  conditions  no  real  angle  of  priction  is  developed  in 
'~c  earth-nuiss.  Local  experience  and  practice  should  be  consulted  and  will 
.  -Hfially  serve  as  a  guide.  Earth  banks  apparently  similar  will,  however,  act 
'iTv  differently  and  no  general  rule  can  be  given.  It  should  be  borne  in  mind 
•-  at  the  earth  compowng  a  bank  should  be,  as  far  as  possible,  protected  from 
Mr.  from  the  action  of  water  and  from  alternating  freezing  and  thawing;  and 
"•^i  permanent  work  should  be  completed  as  rapidly  as  possible  so  as  to 
.void  the  deteriorating  effects  of  time  and  exposure  on  the  structure  of  the 

The  Thiekness  of  the  Sheeting  Planks  required  may  be  calculated  on  the 
^•^^mpdon  that  the  earth  bank  is  composed  of  loose  material  having  a  definite 
A-;.-,LE  or  SLOPE  and  coefficient  of  friction;  but  practically,  under  favorable 
rf'nditiops,  2-in  planks  may  be  used  for  a  depth  of  drive  of  i6  ft,  3-in  planks  up 
r>>  34  ft  and  4-in  planks  up  to  32  ft;  and  timbers,  8  by  i3  in,  have  been  driven 
in  favorable  material  to  a  depth  of  over  40  ft. 

Depths  nnd  Kombers  of  Drives.  Ordinarily  the  depth  to  which  a  plank 
t.ir  be  driven  is  limited  by  its  ability  to  resist  the  shock  due  to  driving,  and  in 
•.r  favorable  material  a  plank  may  become  shattered  before  it  is  driven  to  the 
J  eve-quoted  depths.  If  the  required  depth  cannot  be  reached  by  the  first  planks 
or  DRIVE,  a  second,  and  sometimes  a  third  and  fourth  set  of  planks  are  employed. 
As  the  breasT'PIECES  supporting  the  first  line  of  planks  must  remain  in  place. 
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the  planks  in  the  second  set  or  drive  have  to  be  placed  inside  of  the  breast 
pieces,  thus  reducing  the  size  of  the  excavation  by  the  amount  of  the  necessarj 
offset.  Where  more  than  one  drive  is  required  the  first  drive  should  be  startec 
at  a  sufficient  distance  outside  to  allow  the  planks  forming  the  second  or  th< 
second  and  third  drives  to  be  placed  outside  of  the  required  area  for  the  bot^ 
torn  of  the  excavation. 

Cutting  and  Fitting  Sheeting  Planks.  The  sheeting  planks  may  h« 
SQUARE-EDGED  whcre  there  is  no  water  or  fine  loose  sand,  but  where  watei 
or  running  sand  is  to  be  excluded  the  planks  should  be  tongueo  ani^ 
GROOVED,  or  SPLiNED.  The  use  of  tongued  and  grooved  planks  has  the 
additional  advantage  that  the  planks  are  more  readily  kept  in  line.    It    in 
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Fig.  35.     Small  Power-hammer 
for  Driving  Sheeting  Planks 


Fig.  36.    Large^ize  Power-ham- 
mer and  Sheeting  Planks 


usual  to  cut  the  bottom  edge  of  each  plank  on  a  slight  angle,  so  that  in  driving 
it  is  WEDGED  against  the  preceding  plank.  The  top  of  each  plank  may  be  fitted 
to  receive  an  iron  dkiving-cap;  or,  if  this  is  not  used,  the  upper  comers  of  the 
plank  should  be  cut  off  so  that  the  effect  of  the  blows  will  be  concentrated 
along  its  vertical  axis,  and  the  tendency  of  the  plank  to  spuTf  due  to  a  blow 
on  one  comer,  thus  diminished. 

The  Means  Employed  for  Driving  the  Sheeting  vary  with  the  depth 
and  the  size  of  the  sheeting.  For  small  jobs  and  for  moderate  depths  of 
drive,  the  primitive  method  of  driving  by  hand  with  ringed  wooden  mauls 
still  prevails.  For  work  involving  a  considerable  amount  of  driving,  and  in  all 
cases  for  long  drives,  power-haiocers  driven  either  by  steam  or  compressed  air 
are  preferably  employed.  A  small-sized  power-hammer  (Fig.  35)  resembles  a 
steam-orxll  and  may  be  handled  by  two  or  three  men  without  any  special  Uf  ting- 
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ippSances.  The  larger  sizes  of  power-hammers  (Figs.  36  and  37)  are  practically 
rOAE,  power,  ptfe-driving  hammers  arranged  with  a  special  driving-he ao  to 
:^  the  sheetiiig  employed.  Such  hammers  are  handled  by  derricks  or  are 
ajried  in  a  frame  similar  to  a  pile-driver  frame.  Ordinary  drop-hammers 
LTc  aomedmes  used,  but  are  not  as  advantageous  as  the  reciprocaiing  power- 
^uofE2s,  as  the  blow  struck  by  the  drop-hammer 
<:aders  the  plank,  while  the  frequent  light  blows 
-I  the  power-hammer  tend  to  keep  the  planks  and 
^<  adjacent  material  in  motion  and  accomplish  the 
r:;uired  work  with  less  damage  to  the  sheet-piling. 
ijc  weights  and  dimensions  of  several  types  of  pile- 
n\  lOg  hammers  are  given  in  Table  XI,  page  204. 

Maimer  of  Driving  Sheeting  Pfles.  In  prac- 
u-^,  a  shallow  excavation  is  first  made  to  the 
-  per  line  for  the  outside  of  the  sheeting  planks. 
hif  top  B&EAST-TiMBER  IS  temporarily  secured  in 
■Ujt  and  the  lower  end  of  the  planks  placed  be- 
--»ren  this  timber  and  the  bank.  If  the  planks 
j-c  kmg,  temporary  top  guides  or  stay-braces  are 
iTanged  so  as  to  keep  the  planks  vertical  until 
-e>  have  been  driven  well  into  the  ground  and 
.  dtsi  by  the  permanent  breast-pieces.  The 
piinks  are  then  driven  as  the  excavation  pro- 
rr.-^es,  eatch  pklank  being  driven  a  few  inches  in 
:.rn.  As  the  driving  goes  on  the  material  under 
-r  k>wer  edge  of  the  planks  is  loosened  with  a 
i-o.d  or  with  a  crowbar,  the  operation  being  so 
'  iitxted  that  the  planks  are  held  true  to  line. 
1  :i<  horizontal  breast-timbers  and  their  braces  are 
:<U.-ed  in  position  as  the  excavation  progresses. 
I'  LTichncd  braces  are  to  be  used  the  excavation  in 
*L^  center  is  taken  out  first,  leaving  a  sloping  bank 
.^iost  the  sides  of  the  excavation.  This  permits 
the  placing  of  the  inclined  braces  and  of  the 
i-U  for  their  points  of  support  before  there  is  any 
:ir<5er  to  the  bank.  After  the  first  breast-piece 
:r4  its  inclined  brace  are  set  in  place,  the  second 
■^A  subsequent  breast-pieces  and  braces  are  put  in 
iis  the  excavation  proceeds. 

Sheet-Piling  for  Excavations  Below  Water- 
Ler^  These  excavations  may  be  made  by 
trie  SHEET-PILINC  METHOD  if  there  b  not  too  much  water  and  if  water  can 
rje  drained  out  of  the  material  without  inducing  a  flow  of  sand  or  clay  below 
tic  bottom  of  the  sheet-piling.  In  some  cases,  where  unfavorable  conditions 
exist,  but  where  there  is  an  imderlying  stratum  of  impervious  material,  it  is 
P«=>5ible  to  drive  the  sheeting  in  advance  of  the  excavation,  so  that  the  bottom 
cK  the  sheeting  makes  a  tight  joint  with  the  impervious  stratum,  cutting  o£F  the 
^yn  of  water  and  material.  Where  a  considerable  amount  of  water  finds  its 
fay  into  the  excavation,  the  water  must  be  led  to  a  sitmp  or  depression  from 
f  hicb  it  b  ejected  by  means  of  a  pump  or  a  steam-syphon.  Where  the  founda- 
tioQ-bed  b  below  water-level  and  the  material  b  sand,  clay,  or  other  material 
Thith  would  be  softened  by  the  action  of  the  water,  it  should  be  protected  by 
baviog  the  sump  at  a  considerable  distance  from  the  area  to  be  used  for  the  sup- 
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Table  XI.    Weights  mnd  Dimeniiosui  of  PQe-Dririnc  Hammeri 
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i6oooj7  500,1801 
9  85015  000;  144 
6  500  3  000  ij8 1 
3800 
1350 
800 


Warrington  Steam  Pile-Hammers 
Manufactured  by  Vulcan  Iron  Works,  Chicago,  111. 
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9U]Hvy  concrete  piles 
8V4  18"  sq  or  rd  piles 
iV\\ia"  sq  or  rd  piles 
6!^ijio"  sq  or  rd  piles 
4V4  4"X  12"  sheeting 
I  3"X  12"  sheeting 


Cram  Steam  Pile-Hammers 
Manufactured  by  A.  F.  Bartlett  &  Co.,  Saginaw.  Mich. 
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I'i  20  S^i  10"  sq  or  rd  piles 
iVv  12  'slji  4"X  12"  sheeting 


Union  Pile-Hammers 
Manufactured  by  Union  Iron  Works,  Hoboken,  N.  J. 
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H  vy  concrete  piles 
18"  sq  or  rd  piles 
14"  sq  or  rd  piles 
10"  sq  or  rd  piles 
6"Xi2"sheetinK 
4"Xi2"sheetinK 
2"Xi2"sheetinQ 
i"x6"  sheeting 


Goubert  Steel-Pile  Driving-Hammer 
Manuf.ictured  by  A.  A.  Goubert,  New  York.  N.  Y. 
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New  Monarch  Steam  Pile-Hammer 
Manufactured  by  Henry  J.  McCoy  Co.,  New  York.  N.  Y. 
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3 

2800 

450 

S4 

18 

18 

4^. 

7 

175 

IS 

ISO 

1 

18 
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4 
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48 

14 
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6 
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10 

65 

^4 
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McKieman-Terry  Pile-Hammers 
Manufactured  by  Mc Kiernan-Terry  Drill  Co..  New  York.  N.  Y. 


9  75001  500    77|2I  |27'ti|iS 

7  5  000!     800     67|2I  \22'"k  12'-j 

S  I  I  500|    200|  56  II  I4'i*    7 

3  I      640       68    54    9       9''>    3M 
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2      1 200 
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i!ii  21    6''i|i4"  sq  or  rd  piles 

\\\\  II  Wa\  4"Xi2"sheetinK 

I  9  !3''i    3"X 1 2"  sheeting 

54'  8  |2V*I  2" X 10"  sheeting 


Ingersoll-Rand  Sheet  Pile-Drivcr 
Manufactured  by  Ingersoll-Rand  Co..  New  York.  N.  Y. 


Gil    I  200] 


.[    200j  8o|u«.4|ii    I  4    I  7^i|300  I  10  |iio  |iV4|. . .  .|^.|  4" X 12"  sheeting 
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part  «f  the  footing.  This  may  be  accomplished  by  making  the  area  to  be  sheeted 
led  excavated  laige  enough  to  accommodate  the  sump  outside  of  the  support- 
er^ am,  or  by  sinking  a  separate  excavation  to  be  used  exclusively  as  a  sump; 
xT  the  same  result  may  in  some  cases  be  accomplished  by  the  use  of  drive- 
«TLLS»  driven  to  a  point  below  the  level  of  the  footing  in  which  continued 
;40)ping  may  reduce  the  level  of  the  water  to  a  point  below  the  footing.  Care 
.^ji  should  be  taken,  when  the  level  for  the  footing  is  reached,  to  prevent  the 
K.  T?wi«tion-bed  from  being  disturbed  and  softened  by  unnecessary  tramping 
of  workmen  over  the  surface  of  the  excavation. 

The  foundation-bed  shoukl  be  kit  as  nearly  as  possible  in  its  original  or 
'otaial  ooodition. 

Stcd  Sheeting  has  been  largely  employed  recently  in  place  of  wooden  sheet- 
sji^.  It  has  the  advantage  that  it  can  be  driven  in  advance  of  the  excavation, 
'jBthy  reducing  the  likelihood  of  any  flow  of  material  under  the  sheeting.  It 
ilso  bas  the  advantages  of  affording  greater  strength  for  a  given  thickness  of 
sr-eeting,  <^  being  driven  to  a  greater  depth,  and  in  many  cases  of  being  with- 
^-^wn  and  used  over  again.  As  generally  manufactured,  it  has  the  further 
^.-aota^  of  being  inteklocking,  so  that  there  is  less  danger  of  its  getting  out 
il  Soe  aE^  leaving  openings  between  adjacent  pieces. 

.\H  of  these  advantages  have  been  considered  by  engineers  in  using  steel 
::i^ead  of  wooden  sheeting- 

The  Use  of  Steel  Sheeting.  The  fundamental  idea  of  steel  .sheeting  is  not 
Err.  as  CAST-IRON  SBEET-PIUNG  wos  used  in  England  as  far  back  as  1822  and 
v.irioiis  combinations  of  steel  plates  have  been  used  in  coffer-dams.  The  general 
Use  of  sted  sheeting  started  in  this  country  in  1S99  when  Luther  P.  Friestedt 
drv/re  experimental  interlocking  channei^bar  sections.  Since  that  time  it 
has  come  into  general  use,  and  with  its  aid  many  excavations  have  been  made 
▼ith  STF.KT,  SHEET-PILING  which  would  have  been  impracticable  with  timber 
shfrting. 

Earth-Presfiore  on  Steel  Sheeting.  In  using  steel  sheeting,  it  should 
be  borne  in  mind  that  the  earth-pressure  coming  on  the  steel  sheeting  is  the 
izme  as  the  earth-pressure  coming  on  timber  sheeting,  and  the  breast-pieces 
iDd  braces  should  be  as  strong  as  in  the  case  of  timber  sheeting.  Certain  forms 
iff  sections  of  sted  sheeting  offer  considerable  resistance  to  bending  due  to  the 
literal  earth-pressure.  With  such  forms  the  horizontal  breast-pieces  may  be 
spaced  farther  apart  than  with  ordinary  timber  sheeting  or  steel  sheeting  not 
taving  this  property;  but  the  strength  of  the  breast-pieces  and  of  their  braces 
zust  be  sufiBdent  to  take  up  the  entire  load  coming  on  the  sheeting,  irrespective 
vf  the  sparing  between  such  breast-pieces,  for  in  case  there  is  a  failure  in  these 
the  entire  sheeting  will  fail. 

Different  Forms  of  Steel  Sheeting.  Various  types  of  steel  sheeting 
ue  on  the  market.  In  making  a  sdection  between  different  forms  of  sheeting, 
the  character  of  the  material  to  be  encountered  should  be  borne  in  mind,  as  the 
bin^iler,  more  compact  sections  will  penetrate  hard  or  gravelly  soils  with  less 
danger  of  defonnation  than  the  more  complicated  sections  made  up  of  thin 
plates  and  shapes.  The  various  companies  manufacturing  different  forms  of 
shcet-pifixi^  publish  catalogues  containing  data  as  to  the  weight  and  also  giving 
the  properties  of  the  different  sections.  These  catalogues  may  be  obtained  from 
the  manufacturers  but  for  convenience  illustrations  of  some  of  the  principal 
sectioos,  with  their  dimensions  and  weights  and  other  details,  are  given  In  the 
folkiwiiig  pages. 

There  axe  other  types  of  steel  sheeting  than  those  shown  in  Figs.  38  to  4^ 
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Fig.  38.    Lackawanna  Steel  Sheet-piling 


LackAwamui  Sted  Sheet-Piling  * 
Composition  and  Dimensions  of  Sections 


Sections 

Per  linear  foot, 
lb 

Per  square  foot, 
lb 

Straight-web,  H  in  thick 

12.54 
37.187 
42. 5 
40.83 
60 

21.5 

Straight-web,  H  in  thick 

3S 

Straight-web.  V4  in  thick 

40 

Arched-web,  24  in  long 

35 

Arched-web,  is  in  long 

4S 

This  piling  is  adapted  to  straight  or  circular  work. 

•  Blanufactured  by  t^e  Lackawanpa  Steel  Coq^paoy.  ^ 
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pSectton  A-Afc^*n 

H ^— f 


b  — 


FSf.30.    United  States  Sted  Sheet-paing 

United  States  Steel  SheeC-PiUac  * 
Composition  and  Dimensions  of  Sections 


^ 


Size 

Web 

in 

b 
in 

h/2 
in 

mH  in.  38  lb  . 

H 

12W 
9 

13M 
9H 

9  in,  16  lb 

Tliis  piling  is  adapted  to  straight  or  drctilar  work. 

*  Manufactured  by  the  Carnegie  Steel  Company. 


; j»- 

Fig.  40.    Friestedt  Interiocfchig  Channel-ber  Pflttng 


Fkieetedt  Intedocklnc  Channel-Bar  Piling  * 
Composition  and  Dimensions  of  Sections 


Channels 

Zees 

So. 

Description 

A/2, 

in 

In 

Lbs  per  ft 

In 

Lbs  per  ft 

xo  in.  a8  lb 

10 

15 

3HXW 

4.8 

9 

10  in.  34  lb 

ID 

20 

3HXV4 

4.8 

9 

12  in.  34  lb 

13 

20.S 

3HXH 

8.6 

io-,6 

12  in.  39  lb 

12 

25 

3HXH 

8.6 

loH 

IS  in.  39  lb 

IS 

33 

4HXH 

9.2 

13Vi 

IS  in.  45  lb 

IS 

40 

4HXH 

9.2 

izH 

*  ManofiMtttred  by  the  Carnegie  Steel  Company. 
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Fig.  41.    Standard  Sheet-piling 

Standard  Sheet-Piling  • 
Composition  and  Dimensions  of  Sections 


Size, 

Weight  per 

1 

No. 

square  foot, 

A 

B 

C 

D 

m 

lb 

X 

I2XS 

35.0 

12 

3.94 

5 

0.34 

2 

I2XS 

36.25 

la 

397 

5 

0.37 

3 

XSX6 

37.20 

15 

4.75 

6 

0.37 

4 

ISX6 

39  75 

IS 

4.8i 

6 

0.44 

S 

ISX6 

42.25 

^s 

4.87 

6 

o.so 

An  interlocking  bar  is  wedged  to  each  beam  at  the  mill  and  the  two  pieces  are  driven 
s  a  unit. 

*  Manufactured  by  the  Jones  &  Laughlin  Steel  Company. 


Fig.  42.    Spring-lock  Sheet-piling 

Spring-Lock  Sheet-Piling* 

Composition  and  Dimensions  of  Sections 


Distance.  A 

I5U  in 

195^4  in 

2354  in 

^Is-in  plate.wcight  per  square  foot,  in  pounds. 
H-in  plate,  weight  per  square  foot,  in  pounds. . 

17 

20 

17 

13« 
x6 

Plates  may  be  obtained  curved  to  any  radius  for  circular  work. 
•  Manufactured  by  the  Mitchell-Tappen  Company. 


1 


J 


Fig.  43.    Slip-joint  Sheet -piling 

Slip- Joint  Steel  Sheet-PUing  • 
Composition  and  Dimensions  of  Sections 


Distance,  A 

1 
6  in     !     9  in 

12  in 

15  in 

No.  i4-gauge,  weiRht  per  square  foot,  in  pounds. 
No.  i6-gauge,  weight  per  square  foot,  in  pounds. 

54          5.8 
43           4.0 

57 
39 

5.6 

*  Manufactured  by  the  Mitchell-Tappen  Company. 
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Fig.  44.    Wemlinger  Sted  Sheet-piling 

Wemlinger  Steel  Sheet-Piling* 
Composition  and  Dimensions  of  Sections 


Xo. 

I 

•2 

3 

4 

5 

6 

7 

12 
135 

8 

4 

i8 
IS 

9 

4 
H 
l8 
19 

10 

4 

l8 
23.  S 

Dirath  of  comusation     

2 

Mb 
la 
S 

2 

%i 
12 

75 

2 

H 

12 

8.5 

2H 
12 

8 

2H 

H 

12 
95 

2H 

12 
II. s 

Thickness 

^:dth.  center  to  center  of  Up 

Weight  per  square  foot  in  pounds . . 

The  dimenaons  given  are  in  inches. 

•  Manufactured  by  the  Wemlinger  Steel  Piling  Company. 

The  Polinc-Bottrd  or  Chicago  Method  is  a  special  method  of  excavation 
b  gcDerml  use  in  Chicago  and  in  occasional  use  elsewhere  for  excavations  which 
go  to  a  great  depth  in  clay  or  in  other  suitable  material.  It  has  the  advan- 
ujce  over  the  ordinary  sheet-piling  method  that  the  lining  of  the  excavation  is 
cc<  driven.  The  method  is  not  generally  used  for  trenches  or  for  square  ex- 
cavations as  a  circular  excavation  is  more  readily  handled.  The  success  of  the 
HMrthod  depends  entirely  upon  the  character  of  the  material  to  be  encountered, 
as  the  excavation  b  first  made  and  the  sides  of  the  excavation  afterwards 
supported.  The  method  in  detail  for  a  circular  excavation  for  a  pier-foun- 
datkm  may  be  described  as  follows: 

(i)  A  circular  excavation  slightly  in  excess  of  the  size  required  for  the  pier 
b  carried  down  to  a  depth  of  5  ft,  great  care  being  taken  to  have  the  sides  of 
the  excavation  vertical  and  true  to  the  circle. 

(2)  Vertical  planks  called  lagging-pieces,  5  ft  in  length  and  slightly  beveled 
on  their  edges  so  that  each  piece  may  be  considered  as  a  stave  with  radial  joints 
corresponding  to  the  size  of  the  required  circle,  are  set  in  place  against  the  walls 
di  the  excavation.  These  planks  are  held  in  place  by  two  or  more  steel  rings, 
generally  made  in  quadrants,  so  that  they  may  be  conveniently  handled  and 
ix>lted  together.  The  planks  are  wedged  firmly  against  the  walls  of  the  excava- 
tion by  means  of  wooden  wedges  driven  between  the  planks  and  the  iron  rings. 

(3)  As  soon  as  the  first  set  of  lagging  is  complete,  the  excavation  is  carried 
down  for  another  section,  5  ft  in  depth,  and  another  section  of  lagging  is  put  in 
place  and  secured  in  the  same  manner. 

Depth  and  Character  of  Bxcavatiooa  in  the  Poling-Board  Method.  In  the 
manner  described  above  the  excavation  may  be  carried  down  for  an  indefinite 
distance,  a  depth  of  xoo  ft  having  frequently  been  attained.  In  many  cases 
the  bottom  of  the  excavation  is  belled  out  to  a  larger  diameter  than  the  ex- 
cavation for  the  main  shaft  of  the  pier  with  the  object  of  reducing  the  load  of 
the  foundation-bed  to  a  unit  load  less  than  the  safe  unit  load  on  the  main  shaft  of 
the  pier.  This  method  is  not  adapted  for  running  sand  nor  for  clay  that  is  not 
solid  enough  to  stand  with  vertical  sides  during  the  necessary  interval  between 
making  the  excavation  and  placing  the  lagging.  In  some  cases  where  a  stratum 
of  quicksand  has  been  encountered,  the  excavation  has  been  carried  past  it 
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by  the  use  of  a  cylindrical  shell  of  steel,  forced  by  jacks  through  it  to  an  under- 
lying impervious  layer  of  clay;  but  in  general  this  method  is  dependent  for  its 
success  upon  a  continuous  body  of  impervious  material. 

The  Open-Caisson  Method  or  Well-Cnrb  Method  is  used  for  piers  to  be 
carried  to  a  considerable  depth,  and  has  advantages  over  the  sheet-piling  method 
in  certain  materials.  It  is  a  development  of  the  old  method  used  in  sinkins 
masoniy  wells  and,  in  its  modem  form,  consists  of  a  structure  which  eventually 
fonns  part  of  the  pier  itself  and  which  is  arranged  with  an  open  chamber  at  its 
base  in  which  men  may  excavate  the  material  under  the  structure  and  allow  it 
to  settle  as  the  excavation  proceeds.  It  is  evident  that  a  central  opening  or 
shaft  must  be  left  in  the  structure  to  permit  of  the  passage  of  men  and  material. 

Details  of  the  Open-Caisson  Method.  In  detail,  the  method  may  be  described 
as  follows:  First  a  curb  or  cuiting-edge  of  timber  or  steel,  following  the  out- 
line of  the  pier,  is  constructed  on  the  surface  of  the  ground.  The  outer  face 
of  this  curb  is  generally  vertical  and  is  protected  with  a  steel  plate  which  ex- 
tends below  the  main  section  of  the  curb,  so  as  to  form  a  cutting-edge  or  sharp 
downward  projection  serving  to  penetrate  the  soil  slightly  in  advance  of  the 
excavation.  On  this  curb  a  wall  of  timber,  concrete,  or  masonry  is  constructed, 
inside  of  which  the  so-called  working-chamber  affords  room  for  the  workmen 
to  be  employed  in  excavating.  Above  the  working-chamber  the  walls  may  con- 
tinue to  a  height  corresponding  to  the  required  height  of  the  pier,  leaving  the 
central  space  to  be  filled  in  after  the  required  depth  is  reached;  or  a  roof  may 
be  built  over  the  working-chamber  and  the  entire  cross-section  of  the  pier  filled 
with  concrete  or  masoniy  excepting  only  a  small  central  opening  large  enough  to 
accommodate  a  hoisting-tub  or  bucket  and  to  permit  of  the  ingress  and  egress 
of  the  men  employed  in  sinking  the  construction.  In  practice,  the  excavation 
is  started  before  the  pier-structure  is  carried  up  to  its  final  height,  after  which 
the  excavation  and  the  building  up  of  the  pier  progresses  simultaneously,  the 
constantly  increasing  weight  of  the  structure  aiding  the  sinking  of  the  pier. 
When  the  excavation  has  reached  rock  or  a  firm  substratum,  further  excava- 
tion b  stopped  and  the  working-chamber  and  the  central  opening  are  packed 
full  of  concrete,  leaving  fijially  a  complete  pier-structure  extending  from  the 
rock  to  the  proper  level  to  receive  the  steel  grillage  or  other  construction  com- 
ing on  the  pier. 

Advantages  of  the  Open-Caisson  Method.  This  method  of  construction  has 
the  advantages  that  the  workmen  at  all  times  are  protected,  that  obstructions, 
such  as  boulders  or  logs,  may  be  removed  from  under  the  cutting-edge,  and 
that  when  rock  is  encountered,  ample  opportunity  is  afforded  for  the  proper 
preparation  of  the  rock -surface  to  receive  the  final  concrete  filling.  If  a  moderate 
amount  of  water  is  encountered,  not  accompanied  by  a  flow  of  material,  it  can 
generally  be  taken  care  of  by  means  of  pumps. 

Dredged  Wells  are  similar  to  the  open  caissons  described  in  the  previous 
paragraphs  and  are  used  where  large  quantities  of  water  are  encountered.  The 
construction  of  the  piers  is  similar  to  that  of  the  piers  used  in  the  open-caisson 
method;  but  the  central  shaft  and  working-chamber  are  designed  to  ^rmit 
of  the  use  of  a  clam-shell  dredge  or  other  form  of  dredge,  and  the  water  is 
allowed  to  rise  to  its  natural  level  in  the  working-chamber  and  shaft.  This 
method  can  be  used  to  advantage  when  a  considerable  amount  of  water-bearing 
sand  or  other  material  is  found  overlying  level  rock  or  other  firm  foundation- 
bed.  When  the  dredging  and  the  sinking  of  the  pier-structure  have  been  carried 
down  to  the  hard  underlying  strata  it  is  sometimes  possible  to  pump  out  the 
water.  If  this  is  not  practicable  the  bottom  may  be  prepared  by  divers  for  the 
reception  of  the  concrete  filling,  and  the  concrete  may  be  deposited  through  water. 
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cue  bcmg  taken  to  use  some  spedai  anangement  to  protect  the  concrete  from 
bds%  injured  by  loss  of  its  cement-content,  in  the  process  of  deposition. 

The  WeU'Digger's  Method  is  also  occasionally  used  in  making  pit-excava- 
noNS  under  walls  or  in  cramped  locations.  By  this  method  the  sides  of  the 
ezcavmtion  are  supported  by  planks  placed  horizontally.  The  method  of  plac- 
iDg  the  planks  is  as  follows:*  A  shallow  excavation,  the  depth  of  a  plank, 
Is  made  by  ordinary  methods,  and  a  set,  consisting  of  four  planks  fitting  the 
k-ji  sides  of  the  excavation,  is  secured  in  place.  Before  proceeding  with  the 
peacTdX  excavation  of  the  pit  a  trench  is  dug  directly  alongside  and  underneath 
Qoe  of  the  side  planks  of  the  riRST  set.  As  soon  as  this  trench  is  deep  enough  to 
accommodate  the  planks  for  the  second  set,  the  side  of  the  trench  under  the 
rviok  already  in  place  is  cut  to  a  vertical  face,  the  plank  placed  in  position  and 
the  loose  earth  temporarily  back-filled  against  it.  As  soon  as  the  four  planks 
'snnmg  the  second  set  have  been  put  in  place  by  this  method,  the  two  side 
planks  are  wedged  against  the  bank,  the  end-planks  being  used  as  struts.  The 
TSfci-pbnks  axe  wedged  into  position  and  nailed  or  deated  to  the  side  planks 
:.<ming  a  PRESSuaE-KESisiiNO  frame  supporting  the  side  of  the  excavation. 
\  oQolinuation  of  this  method  enables  the  excavation  to  be  carried  on  indefi- 
isdiy.  provided  there  is  no  flow  of  water  or  run  of  material  causing  an  inflow 
ui  matfrial  into  tl^  excavation. 

The  Pneumatic-Caiaaon  Method.  Where  piers  or  foundation  walls  have 
t  -'  be  carried  to  a  considerable  depth  through  water-bearing  materials,  and  espe- 
tiaSy  where  large  bodies  of  quicksand  are  encountered,  the  pneumatic-caisson 
MLIBQD  must  be  resorted  to.  This  method  is  based  upon  the  principle  of  a 
xniKC-BEix  and  may  be  briefly  described  as  follows:  The  construction  of  the 
p«r  is  sbnilar  to  the  piers  previously  described  as  used  in  the  open-caisson  and 
Iredged-wdl  cx>nstruction,  except  that  the  working-chamber  and  shaft  are  made 
kir-tight  and  connected  with  a  device  called  an  air-lock,  so  that  compressed  air 
B^ay  be  introduced  into  the  working-chamber.  The  object  of  the  compressed 
£2r  is  to  prevent  water  entering  into  the  working-chamber.  This  is  accomplished 
b  accordance  with  the  well-known  principle  of  the  diving-bell  by  having 
the  compressed  air  constantly  kept  at  a  pressure  which  will  counterbalance  the 
v.it£r-pfessure  at  the  level  oi  the  cutting-edge  of  the  working-chamber.  The 
Kessuxe  of  the  air  evidently  must  vary  with  the  depth  of  the  cutting-edge  below 
later-levd.  A  column  of  water  i  in  square  in  cross-section  weighb  .43 Vi  lb  per 
votical  ft,  and  it  will  therefore  be  counterbalanced  by  an  air-pressure  of  43H 
ib  per  sq  in  over  the  normal  air-pressure.  If  the  oolunm  of  water  is  30  ft  in 
i>flg*i»,  it  will  weigh  thirty  times  .43H  lb,  or  will  be  counterbalanced  by  an  air- 
prtisure  of  13  lb  per  sq  in  above  the  atmospheric  pressure. 

The  Maximnm  Air-Pressore  in  the  Pneomatic  Caisson  in  which  men  can  work 
for  short  periods  is  about  43  lb  per  sq  in  above  atmospheric  pressure,  correspond- 
ing to  a  depth  below  water-level  of  about  100  ft.  At  this  depth  the  work  is 
earned  on  in  shifts  of  from  two  to  three  hours  duration,  and  great  care  must 
be  exercised  ii^  coming  out  of  the  air-pressure.  The  physiological  effects  of 
comfBessed  air  are  often  serious;  pains  in  the  joints,  damage  to  the  ear-dnuns 
r^ulting  in  deafness,  and  the 'so-called  caisson-disease  render  work  at  high 
pressure  extremely  hazardous. 

The  Air-Lock  Used  in  Connection  with  the  Pneumatic  Caisson  is  a  device  for 
the  purpose  of  retaining  the  air  in  the  caisson  and  at  the  same  time  permitting 
the  passage  of  men  and  material  in  and  out.  It  consists  essentially  of  a  metallic 
ah-txgbt  chamber  or  shell  connected  to  the  working-chamber  other  directly 
or  to  an  air-tight  lining  or  extension  of  the  central  shaft-opening.  This  air- 
daobcr  has  two  dooi8»  one  at  the  bottom,  opening  downward  into  the  shaft 
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and  the  other  in  the  upper  head  of  the  air-lock  chamber,  also  opening  down- 
ward and  affording  a  direct  connection  to  the  open  air.  In  the  operation  of  an 
air-lock  one  of  these  two  doors  must  at  all  times  be  closed  ao  as  to  prevent  the 
free  escape  of  air  through  the  air-lock.  If  the  bottom  door  is  dosed,  it  will  be 
held  firmly  to  its  seat  by  the  uplift  of  the  compressed  air  in  the  shaft,  which  is 
at  all  times  in  direct  communication  with  the  working-chamber.  If,  under  these 
conditions,  the  upper  door  b  open,  the  interior  of  the  air-lock  will  be  in  direct 
conrniunication  with  the  open  air  and  the  air  contained  in  the  lock  will  evidently 
be  at  atmospheric  pressure.  Workmen  and  materials  may  then  enter  the  air- 
lock. In  order  to  pass  into  the  shaft  and  working-chamber,  it  is  necessary, 
first,  to  close  the  upper  door,  and  secondly,  to  shift  the  so-called  equalizing 
VALVE  and  admit  compressed  air  into  the  space  between  the  two  doors,  until 
the  air-pressure  is  brought  up  to  the  air-pressure  in  the  working-chamber  and 
shaft.  Pressure  on  the  upper  side  of  the  lower  door  will  then  equal  the  pressure 
on  the  lower  side  and  the  lower  door  may  be  opened,  the  upper  door  being  firmly 
held  against  its  seat  by  the  compressed  air  in  the  air-lock.  As  soon  as  the  lower 
door  opens,  the  men  and  material  may  be  passed  into  the  shaft  and  working- 
chamber.  In  coming  out  the  operations  are  reversed;  men  and  material  enter 
the  air-lock  through  the  open  lower  door,  the  lower  door  is  closed  and  held  Ughtly 
against  its  seat,  and  the  equalizing  valve  is  shifted,  affording  a  connection  be- 
tween the  interior  of  the  air-lock  and  the  external  air.  The  compressed  air 
escapes  throi^h  the  equalizing  valve,  reducing  the  pressure  in  the  air-lock  to 
atmospheric  pressure,  and  the  upper  door  has  atmospheric  pressure  on  both 
sides  of  it.  It  may  then  be  opened,  giving  free  connection  with  the  outside  air. 
The  Design  of  Pneumatic  Caissons.  The  first  consideration  is,  of  course,  to 
have  the  final  structure  a  permanent  and  sufficient  pier  to  carry  the  load  to  be 
imposed  upon  it.  To  this  end  the  cross-section  of  the  pier  at  all  points  from  top 
to  bottom  should  be  capable  of  carrying  safely  the  maximum  load.  As  the 
cross-section  of  the  pier  is  generally,  in  the  finished  pier,  composed  of  solid  con- 
crete, the  cross-section  will  be  determined  by  the  allowable  load  on  the  concrete. 
For  piers  the  cross-section  will  generally  be  square  or  circular;  for  walls  the 
caisson  will  generally  be  not  less  than  6  ft  in  width,  as  it  is  difficult  to  sink 
caissons  having  a  width  less  than  6  ft.  If  the  caisson  is  to  be  carried  to  solid 
rock,  the  bearing  on  the  rock  need  be  no  larger  than  the  cross-section  of  the 
concrete  pier;  but  if  the  excavation  does  not  go  to  rock,  it  is  frequently  desir- 
able to  BELL  OUT  the  base  of  the  pier  so  as  to  reduce  the  loading  on  the  founda- 
tion bed  to  a  unit  load  less  than  that  allowable  on  concrete.  The  operation  of 
BELUNG  OUT  is  difficult  in  some  materiak;  in  a  compact  material  it  can  be  gen- 
erally accomplished  without  serious  difficulty. 

Piers  Sunk  by  the  Pneumatic-Caisson  Method  may  be  constructed  of  various 
combiiuitions  of  materials.  The  side  walls  and  roof  of  the  working-chamber 
were  formerly  frequently  constructed  of  timber.  In  many  cases  they  are  now 
formed  of  steel;  but  in  recent  designs  the  working-chamber  is  generally  formed 
of  reinforced  concrete,  the  only  structural  steel  used  being  an  aagle  or  a  plate 
and  angle  composing  the  cutting-edge.  The  outside  of  the  caisson  is  preferably 
made  vertical.  The  superimposed  pier  is  generally  of  the  same  size  as  the  work- 
ing-chamber, at  least  it  is  generally  so  in  piers  sunk  for  buildings. 

A  Typical  Design  for  a  Caisson  Built  of  Reioforcad  Concrete  is  given  in  Fig.  45, 
in  which  AB  h  the  angle-iron  and  plate  forming  the  so-called  cumNC-EDGE 
and  C  is  the  working-chauber  formed  by  the  side  walls  DE  and  DE  and  by 
the  roof  EE.  The  concrete  side  walls  are  reinforced  with  steel  rods  attached  to 
the  cutting-edge,  and  extending  upward  into  the  body  of  the  pier,  and  the  roof 
and  body  of  the  pier  are  reinforced  to  take  care  of  stresses  due  to  construe- 
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tioo  ax»d  sanktng.  In  building  up  the  working-chamber,  the  interior  forms  are 
jrrai^ed  so  as  to  support  the  concrete  which  makes  the  roof.  These  are  sub- 
'eqiantJy  removed.  The  exterior  forms  may  constitute  a  permanent  part  of  the 
^mcturc,  in  which  case  they  are  caUed  a  coffer-dam,  or  they  may  be  removed 
i5  tooq  as  the  concrete  has  suffidently  set.  At  the  center  of  the  pier  an  open- 
^  is  left  to  serve  as  the 
>a\FT  or  opening  connecting 
•ise  working-chajober  with  the 
la-LOCK.  The  sides  of  th'is 
.9caing  or  of  the  upper  part 
i  it  ODly,  nn  lined  with  an 

iil -TIGHT     STEEL    SHELL.     To 

'jx  upper  end  (A  the  steel 
^hefl  the  aur-lock  is  connected. 
1:  the  height  of  the  pier  does 
y^  exceed  4c  ft  the  construc- 
DOQ  ai  it  may  be  completed 
ixkrc  the  excavation  is  com- 
-Titwxd.  Generally,  however, 
ibe  construction  of  the  pier  is 
tjpped  as  soon  as  the  work- 
s^<hamber  and  from  5  to  10 
t  of  the  superimposed  pier 
Us  been  constructed:  then 
liSdent  excavation  is  done^ 
Tithout  the  use  of  compressed 
^-.  to  carry  the  cutting-edge 
>i«Ti  to  water-level.  This  is 
alkd  DrrcaiNG  the  caisson 
isid  is  dooe  so  that  the  caisson 
viQ  have  some  slight  lateral 
^^ipport  from  the  soil  before 
i3e  construction  is  carried  up 
^^  enough  to  make  it  top- 
hc2.vy.  When  the  entire  pier 
.r  the  first  section  is  finished, 
rtcavation  is  resumed  and  the 
fhJk  structure  is  simk  as  the 
ctcavation  progresses,  care  be- 
a?  taken  to  remove  any 
obstruction  from  beneath  the 

ruiting-edge.  During  the  progress  of  sinking  compressed  air  is  conducted  to 
the  working-chamber  through  the  supply-pipe  G,  the  excavated  material  being 
hoisted  through  the  shaft  P.  The  shaft  F  is  fitted  with  a  ladder  for  the  use 
of  the  workmen. 

DeiaSs  of  Caisaon-Sinking  and  Filling.  In  sinking  the  caisson  and  super- 
impcsed  pier,  care  must  be  taken  to  maintain  it  in  a  vertical  position.  This 
aid  may  be  accomplished  in  large  caissons  by  means  of  the  excavation  itself, 
la  case  one  side  of  the  caisson  is  high  the  excavation  on  that  side  will  be  carried 
somewhat  in  advance  of  the  excavation  on  the  low  side,  and  the  material  under 
ti^  cutting-edge  of  the  high  side  will  be  removed  while  a  bank  of  material  is 
kept  under  the  cutting-edge  of  the  low  side.  These  methods,  however,  are  of 
little  avail  when  the  caisson  is  narrow.  In  such  cases  that  part  of  the  caisson 
whkh  b  above  ground  is  held  in  position  by  guides  or  other  devi^Qe^klUut  it 
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frequently  happens  tbat  the  caisson  in  its  final  condition  is  considerably  out  oi 
its  correct  location  and  considerably  out  of  plumb.  In  general,  therefore,  the 
size  of  the  caisson  should  be  made  larger  than  the  minimum  sue  necessary,  in 
order  to  allow  for  errors  in  its  final  location.  When  the  caisson  has  reached  the 
required  depth  the  foundation-bed  is  prepared  for  the  reception  of  the  concrete 
filling  and  the  working-chamber  filled  with  it,  care  being  taken  that  it  completely 
fills  all  voids  and  is  in  perfect  contact  with  the  roof.  Finally,  the  air-lock  and 
the  steel  lining  of  the  shaft  are  removed  and  the  shaft-opening  filled  with  con- 
crete to  the  proper  level  to  Receive  the  grillage  or  other  construction  forming 
the  base  of  the  column  which  is  to  rest  on  the  caisson. 

The  Height  of  CalBson-Piert.  The  height  of  a  pier  cannot  be  exactly 
fixed  until  it  is  known  to  what  depth  the  caisson  must  sink  in  order  to  reach 
the  foundation-bed.  If  the  rock  is  found  at  a  greater  depth  than  anticipatcxl, 
additional  height  is  added  to  the  top  of  the  pier  after  the  caisson  is  in  its  final 
position;  but  if,  on  the  other  hand,  the  rock  is  found  unexpectedly  high,  the 
top  of  the  pier  will  have  to  be  cut  off.  If  the  finished  elevation  of  the  pier  is  to 
be  below  the  level  of  the  general  excavation,  it  is  usual  to  extend  the  exterior 
surface  of  the  pier  to  the  required  height  by  means  of  a  temporary  chamber- 
structure  called  a  coffer-dam.  the  height  of  which  corresponds  to  the  depth  of 
the  finished  surface  below  the  level  of  the  general  excavation.  Inside  of  this 
COFFER-DAM  some  STEEL  GRILLAGES  may  Conveniently  be  set. 

The  Freezing  Process  for  Excavations.  This  method  has  sometimes 
been  employed  in  making  excavations.  In  this  country  its  use  has  been  limited 
to  one  or  two  mining-shafts,  but  in  Germany  it  has  bc«n  resorted  to  in  making 
excavations  for  building-foundations.  The  method  consists  in  driving  steel 
pipes  into  the  ground.  These  pipes  are  closed  at  the  bottom  and  at  the  top 
are  connected  to  smaller  pipes  through  which  brine,  at  an  extremely  low  tem- 
perature, is  made  to  circulate.  The  refrigerating  effect  results  in  freezing  the 
water  contained  in  the  soil,  converting  quicksand  to  a  frozen  mass  resembling 
soft  sandstone.  When  the  freezing  has  progressed  sufficiently  to  form  a  solid 
wall  or  coffer-dam  around  the  excavation,  the  material  inside  the  frozen  wall 
may  be  excavated.  This  method  has  the  advantage,  theoretically,  of  being 
applicable  to  excavations  of  any  depth.  There  are  many  precautions  necessar>% 
and  for  the  present,  at  any  rate,  it  should  only  be  considered  as  a  possibility. 

SI.  Protection  of  Adjoining  Structures 

General  Considerations.  The  common  law  provides  that  any  person  mak- 
ing an  excavation  is  responsible  for  resulting  damage  to  adjoining  property. 
Statute  laws  as  embodied  in  the  building  codes  of  different  dties  may  modify 
or  limit  this  responsibility,  but  in  general,  excavations  should  be  made  in  sue  h 
a  manner  as  to  cause  the  least  possible  damage  to  surrounding  property.  Where 
there  are  no  adjoining  structures  it  is  generally  sufficient  to  slope  the  sides  of  the 
excavation  so  as  to  prevent  the  sliding  of  material  into  the  excavation,  or,  at 
least,  to  sheet-pile  and  brace  the  sides  of  the  excavation;  but  where  the  excava- 
tion is  to  be  made  alongside  of  an  existing  structure,  and  carried  below  the 
footings  of  such  structure,  it  is  necessary  to  take  special  measures  for  its  protec- 
tion. Such  work  is  described  as  shoring,  underpinning  and  protfctinc  ad- 
joining STRUCTURES,  and  may  involve  the  carrying  of  the  weight  of  part  or  all 
of  the  buildings  on  temporary  supports,  the  removal  of  the  old  footings  and 
the  construction  of  new  footings  at  lower  elevations. 

Shoring.  When  the  excavation  for  the  new  building  does  not  go  much 
below  the  adjoining  footings  and  when  the  material  is  fairly  solid,  it  may  suffice 
to  transfer  a  portion  of  the  load  of  the  wall  to  temporary  footings.  .This  may  be 
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ftrcomplisbed  by  means  of  heavy  inclined  posts  called  shores,  arranged  to  act 
1.^  rsiCUNED  COLUMNS  OT  STR17TS.  Each  Shore  consists  of  a  post,  the  lower 
cod  of  which  rests  on  a  platforji,  generally  consbting  of  planks  and  timbers 
urangcd  so  as  to  form  a  temporary  spread  footing.  This  platform  should  be 
placed  at  a  depth  which  will  insure  that  subsequent  operations  will  not  "under- 
irice  it.  The  upper  end  of  the  post  hts  into  a  hole  or  niche  cut  into  the  wall 
to  be  supported.  The  post  itself  may  be  a  timber  with  a  square  cross-section, 
^MuDy  12  by  1 2  in,  and  of  the  required  length.  Provision  is  made,  between  the 
{iatfurm  and  the  lower  end  of  the  post,  for  wedges  or  jacks,  so  that  when 
cf^rated  their  lifting  effect  transfers  part  of  the  weight  of  the  wall  from  its 
}>A)dng  to  the  temporary  foundation  or  platform.  During  this  operation  all 
p<Lrts  of  the  temporary  structure  are  in  compression  and  brought  into  bearing, 
djd  the  material  under  the  platform  is  compressed  and  solidified  as  much  as 
pQssiUe. 

Kinds  of  Shores.  If  the  shore  is  to  act  preferably  for  LiFnNO  only,  it  is 
kept  as  nearly  vertical  as  possible  and  is  known  as  a  upting  shore.  If  it  is 
to  act  preferably  to  combine  a  horizontal  pushing  action  with  the  lifting 
^.rtion,  it  is  placed  at  a  considerable  angle  from  the  vertical  and  is  then  known 
i.^  a  PUSHING  shore  or  steadying  shore.  In  arranging  such  shores  care 
•kikould  be  taken  to  have  the  niche  cut  close  to  a  floor-level  of  the  building  to  be 
kbored,  as  otherwise  the  horizontal  component  of  the  thrust  of  the  shores  might 
backlc  the  wall. 

Hnmben  sod  Sixes  of  Shores.  Where  a  wall  is  light,  a  number  of  smaller 
shcres  should  be  used  in  preference  to  a  few  large  ones.  Where  a  wall  is  high, 
tTo  or  more  shores  of  varying 
icogths  may  be  used,  and  these 
may  conveniently  be  placed  in  the 
same  vertical  plane  and  rest 
on    the    same 

Wedges  and 
Screw-jacks. 

In  transferring 

the  load  of  a 

wall    from    its 

own  footing  to 

the  temporary 

platform,  use  is 
^^  madeofwooden 

Fi?.  46.     Standard    or  steel  WEDGES,  L^ '- -     .""-'M 

T>pe     of    Steel    scREW-IACKS  I  "'       T~'.'--      '-i,      '«■ 

^°^->^  or    HYDRAUUC       ^«- ^^^    Standard  Type  of  Stccl  ScTCw-jack 

jacks;  or,  wedges  and  jacks  may  be  used  in  combiruition.  Wooden  wedges 
shoukl  be  made  of  hard  wood  and  are  generally  arranged  in  pairs,  both 
wedges  being  driven  at  the  same  time.  The  Ufting  effect  of  such  wooden 
wedges  fa  powerful,  but  where  a  considerable  settlement  of  the  temporary 
foundation  fa  anticipated,  it  is  more  convenient  to  use  screw-jacks,  as  they 
can  take  up  a  considerable  settlement. 

Materials  and  Tjrpes  of  Screw-jacks.  The  screw-jacks  usually  manu- 
factured for  thfa  purpose  are  made  of  cast  iron  and  have  rough  threads,  with 
too  coarse  a  pitch  to  have  much  lifting  effect.  Screw-jacks  of  a  better  kind  are 
made  of  steel  and  have  a  machine-thread  of  small  pitch.  Such  jacks  can  be 
obtaiDed  capable  of  lifting  weights  up  to  xoo  tons.    Figs.  46  and  47  represent 
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standard  fonns  of  screw-jacks.  When  a  single  screw- jack  is  used  in  conoec- 
tion  with  a  post  or  shore,  a  hole  to  receive  the  threaded  portion  of  the  jack 
is  bored  in  the  end  of  the  timber  used  for  the  shore,  the  end  being  squared  to 
receive  the  nut.  Such  an  arrangement  is  called  a  pump  and  is  illustrated  in 
Fig.  48.  When  a  lifting  efife^t  greater  than  that  exerted  by  a  single  jack  is  re- 
quired, the  jacks  are  arranged  in  pairs  in  connection  with  a  short  timber  or  CROSs- 


Fig.  48.  Pump,  or 
Screw-jack  let  into 
End  of  Shore 


Screw-jacks    and    Timber    Cross- 
head 


BEAD.  Such  an  arrangement  is  illustrated  in  Fig.  49.  It  has  the  advantage 
that  after  operating  the  jacks,  blocking  and  weclges  can  be  placed  between  the 
platform-timbers  and  the  cross-head  so  that  the  post  resting  on  the  cross-head 
has  a  direct  and  solid  bearing  on  the  platform.  By  this  method  the  load  of  the 
wall  can  be  thrown  on  the  platform  by  the  jacks  and  after  the  blocking  and  wedg- 
ing is  in  position  the  jacks  can  be  removed. 

Hydraulic  Jacks.  Where  excessively  heavy  loads  are  to  be  lifted,  hydraulic 
JACKS  may  be  used  in  place  of  screw-jacks  but  an  objection  to  them  is  that  they 
are  liable  to  slack  back  under  the  load.  While  the  load,  therefore,  should 
not  be  permanently  supported  on  hydraulic  jacks,  they  may  be  used  to  take  the 
load  temporarily  while  the  blocking  and  wedging  are  being  placed  between  the 
cross-head  and  the  temporary  footing.  In  this  way  an  inde5nite  number  of 
shores  may  be  set  and  taken  care  of  with  a  single  pair  of  hydraulic  jacks. 

Example  of  Shoring.  Fig.  50  shows  the  method  used  in  shoring  the  orna- 
mental front  wall  of  a  heavy  building,  advantage  having  been  taken  of  the  nu- 
merous deep  margin-drafts  shown  in  the  section.  In  order  to  avoid  the  necessity 
of  cutting  niches  for  the  lops  of  the  shores,  nine  hardwood  blocks,  fl,  a,  etc., 
were  fitted  to  the  margin-draft  grooves  in  the  masonry.  Nine  similar  blocks, 
b,  b,  etc.,  were  gained  into  and  bolted  to  the  vertical  timber  VV\  space  being 
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Fig.fiO.    Shoring  an  Ornamented  Wall 

kit  between  the  a  blocks  and  the  b  blocks  for  adjusting  wedges  w,  w,  etc.  Three 
headpieces,  Ti,  Tt  and  Ti  were  keyed  and  bolted  to  KK  and  transmitted  to  it 
the  uplift  of  the  three  shores,  Si,  St  and  St.  Each  shore  had  a  6o-ton  screw-jack 
at  its  base.  Each  shore  is  shown  fitted  with  a  pump  or  detached  extension- 
piece  arranged  for  the  acrew-jack. 
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Needling.  Needles  or  girders  are  employed  when  part  or  all  of  the  ^ei^l 
of  the  wall  has  to  be  carried,  as  when  the  old  footing  is  to  be  removed  and  tl: 
wall  UNDERPINNED  or  Carried  down  to  a  new  footing  at  a  greater  depth. 

Example  of  Needling  and  Underpimiing.  Fig.  51  represents  a  typical  case  < 
UNDERPINNING,  the  Several  operations  being  as  follows: 

(z)  The  General  Excavation  is  carried  down  to  within  a  few  inches  of  th 
bottom  of  the  footing  BB  under  the  wall  W. 

(a)  The  Pit  DDDD,  properly  braced  and  protected  by  sheet  pilins*  is  sunt 
to  approximately  the  level  of  the  proposed  excavation,  this  pit  bein^  placed 
at  a  safe  distance  from  the  exbting  wall.    In  good  material  it  may  be  safe  ti 
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Fig.  61.    Wall-needling  and  Underpinmng 

have  this  pit  approach  to  within  a  few  feet  of  the  footing  course  of  the  wall,  but 
in  material  which  is  liable  to  run  it  should  not  approach  the  wall  closer  than 
its  depth.  No  hard  and  fast  rule  can  be  given,  and  in  every  case  great  cak 
should  be  taken  to  prevent  any  movement  of  the  material  from  under  the  ad- 
joining footing. 

(3)  The  Platfonns.  On  the  bottom  of  this  pit-excavation,  a  piatform  FF 
b  placed,  generally  composed  of  heavy  timbers  resting  on  a  base  of  heavy 
planks,  and  acting  as  a  support  for  the  outer  end  of  the  needle.  During  the 
construction  of  this  pit  a  similar  pit  may  be  dug  on  the  inside  of  the  wall  to  pro- 
vide for  the  support  of  the  inside  end  of  the  needle;  but  as  this  involves  the 
destruction  of  the  cellar-floor  the  method  of  procedure  inside  the  building  Is 
generally  different  from  this.  If  the  material  is  solid  it  is  sometimes  sufficient 
to  place  the  platform  for  the  support  of  the  inside  end  of  the  needle  directly 
on  the  cellar-floor  and  at  such  a  distance  from  the  wall  that  the  necessary 
excavation  for  the  new  footing  will  not  disturb  it;  or  the  platform  may  be 
placed  on  the  cellar-floor  and  a  line  of  sheeting  LL,  properly  braced,  so  placed 
that  the  excavation  can  be  made  for  the  new  footing.  This  is  generally  sufficient 
to  prevent  any  serious  settlement  of  the  temporary  platform  for  the  inside  end 
of  the  needle. 
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U)  The  Ifwertum  of  the  Needles.  Having  provided  a  support  for  each  end 
:;  the  KKEDLE  it  only  remains  to  cut  a  hole  through  the  wall,  as  at  /4,  insert  the 
lieedle  GG,  put  the  post  and  blocking  MN  under  the  outside  end  of  the  needle, 
i.-A  the  blocking  and  jadu  under  the  inside  end.  The  post  MN  niay  be  fitted 
B  th  wedges  as  shown  at  K,  or  with  one  or  more  screw-jacks.  The  needle  GG 
z^y  consist  ol  one  or  more  heavy  timbers  or  one  or  more  steel  I  beams.  In  any 
^^  the  load  to  come  on  this  needle  should  be  figured  and  its  strength  made 
isple  to  safely  support  such  load.  As  soon  as  the  weight  of  the  wall  W  is 
tn^ns/erred  to  the  needles  and  to  the  temporary  platforms  prepared  to  receive 
le  k»ad.  that  part  of  the  wall  which  is  below  the  needles  and  all  of  the  foot- 
le- may  be  removed  and  all  of  the  excavation  for  the  new  footing  made. 


Fig.  52.    Needling  a  Brick  Wall 

Needling  a  Brick  Wall.  Fig.  52  shows  the  elevation  of  a  brick  wall  sup- 
ported by  NEEDLES.  If  the  needles  are  carrying  the  entire  weight  of  the  wall,  it 
is  cNndent  that  at  the  level  of  their  upper  surfaces  the  entire  weight  will  be 
transferred  through  those  parts  of  the  wall  which  are  immediately  above  them, 
and  that  above  these  points  the  material  composing  the  wall  will  corbel  out 
in  both  directions  as  indicated  in  Fig.  52  by  the  heavy  zigzag  lines  A  A  AAA. 
All  of  the  wall  below  this  line  will  be  supported  simply  by  cohesion  to  the  part 
of  the  wall  above  it.  An  e3cperienced  man  can  determine  the  location  of  this 
line  by  the  sound  given  by  the  wall  on  being  struck  by  a  hammer.  All  of  the 
wan  below  this  line  is  banging  and  liable  to  fall  as  soon  as  the  support  given  by 
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ih&  footing  is  removed.  The  hanging  parts  of  the  wall  may  be  removed  or  su.^ 
pended  by  rods  and  chains  to  the  needles.  If  they  are  not  so  suspended  2 
crack  will  form  along  the  line  A  AAA  A. 

Transferring  the  Load  to  the  New  Underpinning.  As  soon  as  the  nc^m 
footing  has  been  put  in  place  and  the  new  wall  carried  up  ready  to  receive  tKe 
old  wall,  provision  must  be  made  for  reversing  tbe  operation,  that  b,  for 
transferring  the  load  onto  the  new  underpinning  wall  and  footing.  This  ia 
generally  done  by  means  of  a  number  of  granite  blocks  set  in  pairs  between 
the  needles  and  fitted  with  steel  wedges.  After  setting  these  blocks,  the  space 
between  the  base  of  the  old  waU  and  the  top  of  the  upper  wedging  block  is  filled 

in  with  brickwork,  the 
mortar  in  the  last  joints 
being  compacted  by  mean^ 
of  pieces  of  slate  driven 
in  so  as  to  wedge  the 
mortar  between  the  bricks. 
This  brickwork  should  be 
laid  up  in  Portland-cement 
mortar  so  as  to  reduce  the 
time  of  setting.  As  soon 
as  it  is  suffidently  set.  the 
wedges  are  driven  home  so 
as  to  throw  at  least  a  por- 
tion of  the  weight  of  the 
wall  on  the  new  footing;. 
As  a  result  of  this  it  fre- 
quently happens  that  this 
footing  settles,  the  load 
being  restored  to  the 
needles.  This  necessitates 
continued  driving  on  the 
wedges  until  it  has  reached 
its  final  settlement,  which 
will  be  evidenced  by  a  lift- 
ing of  the  wall  sufficient  to 
partially  relieve  the  stress 
in  the  needles  and  by  the 
fact  that  the  wedges  re- 
main tight. 

Removal    of    the 

Needles,    etc.    As   soon 

Fig.  53.    The  Figure-four  Method  of  Needling  ^s  the  entire  weight  of  the 

wall  has  been  transferred 
to  the  footing  and  the  footing  has  demonstrated  that  it  is  capable  of  sujv 
porting  the  weight  of  the  wall  without  futthcr  settlement,  all  of  the  temporary 
work,  including  the  needles,  can  be  removed,  the  nccdle-holes  bricked  up  and 
the  repairs  made  to  the  cellar  of  the  adjoining  building. 

The  Figure-Four  Method  of  Needling.  In  certain  cases  it  is  impractical 
to  employ  a  ne£OLh:-beam  projecting  on  both  sides  of  the  wall,  as  for  example 
when  the  ocaipancy  of  the  adjoining  building  is  such  as  to  make  it  impractical 
to  have  a  needle-beam  projecting  into  the  cellar  space.  In  such  cases  the  so- 
called  figure-four  Needle  has  been  employed  (Fig.  53).  In  this  case  the 
needle  AB  acts  as  a  cantilever.    Part  of  the  load  of  the  wall  is  carried  by  the 
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bc&ed  shore  C  and  another  equal  or  nearly  equal  part  is  carried  by  the  needle 
i:  B.  the  needle-beam  AB  being  really  balanced  on  the  block  dd. 

Spring-Heedles.  Fig.  64  shows  a  method  frequently  employed,  known  as 
ix  sptaxG-HKEDUE  METHOO.  In  this  case  the  needle  engages  with  the  wall  to 
be  supported  and  also  with  an  adjoining  wall.  A  temporary  platform  is  placed 
X:  dgse  to  the  wall  to  be  supported,  IF,  as  is  practicable.    The  uplift  of  the 


Fig.  H.    The  Spring-needle  Method  of  Underpinning 

.ki  tending  to  lift  the  needle-beam  acts  on  both  walls,  but  on  account  of  its 
:<dsg  located  nearer  to  the  wall  to  be  lifted,  a  large  proportion  of  its  effect  is 
£xcrtcd  thereon. 

Pipes  or  Grinders  for  Underpinning  are  frequently  used  for  the  support 
a  a  wall  and  have  many  advantages,  as  they  not  only  aJBford  a  support  for  the 
l-KtJDg  tjnough  the  operations  afiFecting  the  stability  of  the  wall,  hut  also  form 
a  jjennanent  support.  The  operation  in  brief  is  as  follows:  A  hole  or  niche  is 
ret  m  the  wall  and  footing  to  be  supported,  of  sufficient  size  to  permit  the  intro- 
duction oi  a  section  of  steel  pipe,  in  such  manner  that  the  center  of  the  pipe 
Till  come  below  the  center  of  the  wall  to  be  supported,  the  height  being  sufficient 
to  accommodate  a  section  of  pipe  and  also  the  means  employed  to  drive  it. 
Tne  pipe  niay  be  driven  (i)  by  hydrauuc  jacks  or  by  screw-jacks,  placed 
betwi^n  the  top  of  the  pipe  and  the  wall  itself,  as  by  the  patented  Breuchaud 
MFrBOo;  (2)  it  may  be  driven  by  means  of  a  power-hammer  driven  either  by 
tieMa  or  compressed  air;  or  (3)  in  some  cases,  where  the  material  is  fine  sand  or 
day,  the  pipe  may  be  jetted  or  the  jet-method  may  be  used  in  combination 
«ith  either  jacks  or  power-hammers.  In  any  case  the  first  section  of  pipe  is 
(inven  into  the  ground  and  additional  sections  are  added  until  the  lower  end  of 
th«  pipe  encounters  rock  or  some  material  possessing  sufficient  stability  to  insure 
the  required  support.  The  material  entering  the  pipe  is  removed  by  a  water- 
jzi  or  by  other  means  and  the  space  filled  with  concrete.  As  soon  as  the  con- 
crete has  «et  sufficiently  the  pipe  is  capped  with  a  special  casting  on  which  short 
steel  I  beams  are  arranged  to  distribute  the  support  of  the  pipe  over  a  consider- 
able put  ai  the  base  of  the  wall  to  be  supported.    These  I  beams  correspond 
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to  the  wedging  blocks  used  in  the  ordinary  methods  before  described, 
vision  is  frequently  made  for  steel  wedges  between  the  cap  and  the  base  < 
steel  beam,  but  it  b  generally  found  sufficient  to  thoroughly  grout  in  the 
between  the  base  of  the  wall  and  the  steel  beams  after  the  niche  itself  has 
bricked  up. 

Cylinders  for  Underpinning  Very  Heavy  Walls.  The  description  ii 
preceding  paragraph  is  intended  to  cover  the  use  of  pipes  varying  in  size 
6  to  2o-in  in  diameter,  according  to  the  load  to  be  carried.  In  the  case  of  e 
sively  heavy  walls,  cast-iron  cYLiNDERis  are  used  in  plabe  of  steel  inpes.  1 
cylinders  are  arranged  in  sections,  each  section  making  a  water-tight  joint 
the  preceding  section,  and  are  generally  used  where  water  is  encountered 
where  it  is  necessary  to  carry  down  the  underpinning  to  rock  at  great  de\ 
Under  such,  conditions  these  cylinders  are  sunk  by  the  PNEUiiATic-CAi 
METHOD.  Such  cylinders  have  been  sunk  to  a  depth  of  70  ft  below  waters 
and  have  been  designed  to  cany  as  much  as  400  tons. 
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CHAPTER  m 

MISONBT  WALLS.    FOOTINGS  FOB  LIGHT  BUILDINGS.* 
CEMENTS  AND  CONCBETES 

By 
THOMAS  NOLAN 

mstSSOK  or   AKCHnECIUSAL  CONSTKI7CTION,  UNIVERSITY  OF  PENNSYLVANIA 

1.  Footings  for  Light  Buildings 

Footing  CoQTBes  in  General,  f  Every  foundation  or  bearing  wall  overlying 
lilhing  except  solid  xodL  should  rest  on  a  footing  or  base  projecting  beyond 
-•  mil  on  each  side.  On  wet  or  very  compressible  soils  these  footings  may  be 
.Jt  of  steel  beams  or  of  reinforced  concrete,  as  described  in  Chapter  11,  but 
7  reasonably  firm  soils  and  for  buildings  of  moderate  size  and  weight  the  foot- 
zs  are  gcDcrally  of  coociete,  stone,  or  brick.  Footings  answer  two  important 
^.jpises: 

.:)  By  distributing  the  weight  of  a  structure  over  a  larger  area  of  bearing 
.rlice,  the  pressure  per  square  foot  on  the  foundation-bed  is  diminished  and 
.-i  tendency  to  vertical  settlement  correspondingly  lessened. 

2)  By  increasixig  the  area  of  the  base  of  a  wall,  footixigs  add  to  its  stability 
iii  form  a  protection  against  the  danger  of  the  work  being  thrown  out  of 
->^b  by  any  forces  that  may  act  on  it.  Nearly  every  building  law  requires 
:iut  every  foundation  wall  or  pier  and  every  cellar  or  basement  wall  or  pier 
ciil  have  a  footing  at  least  12  in  wider,  that  is,  6  in  on  each  side,  than  the  thick- 
ae>3  qC  the  wall  or  pier,  and  this  may  be  considered  as  the  minimum  projection, 
nccpt  in  rare  m^anres  where  there  may  be  a  special  reason  for  making  it  less. 
I  •}  6nn  soils  and  for  comparatively  light  buildings  a  projection  of  6  in  on  each 
fide  of  a  wall  will  generally  reduce  the  unit  pressure,  that  is,  the  pressure  per 
Ktiare  foot,  to  the  safe  resistance  of  the  soil,  but  it  is  alwajrs  wise  to  proportion 
'^  footings  to  a  uniform  unit  pressure,  as  explained  in  Chapter  II,  Subdivision 
1  To  have  any  useful  effect,  footings  must  be  well  bedded  and  have  sufficient 
ca3sverse  strength  to  resist  the  upward  reactions  on  the  projections. 

StMM  F€»otisigB  for  Wans  with  Ordinsry  Loads.  Stone  cellar  walls  and 
buicment  waDs  generally  have  stone  footings,  although  if  the  walls  are  heavily 
traded  a  bottom  footing  of  coarse  concrete  is  advisable  under  the  stone  footing. 
If  pcactJcable,  stone  footings  should  consist  of  stones  having  a  width  equal  to 
±a  of  the  footing.  If  impracticable  to  obtain  stones  of  thb  size,  then  two 
&oaes  should  be  used,  meeting  under  the  middle  line  of  the  wall.  In  any  event 
each  footing  course  should  extend  inside  of  the  course  above,  a  distance  equal  to 
it  least  one  and  one^half  times  the  projection,  otherwise  the  stones  will  not 
properly  transmit  the  loads  and  reactions  and  the  footing  courses  will  tend  to 
open  at  the  joints,  as  in  Fig.  1. 

*  For  a  complete  dJscossion  of  foandations  in  general  and  the  mechanica]  principlei 
avtihred  in  their  stnsigth  and  stability,  for  walls,  piers,  etc.,  below  the  basement  or 
cdhr  floor,  see  Chapter  n. 

t  For  a  complete  discussion  of  footing  courses  for  hea\'y  buildings  and  of  the  theories 
of  the  aUuiMB  developed  in  offset,  projecting,  or  cantilever  footings,  see  Chapter  II, 
apedaSty  Sobdiviiions  17  to  aj. 
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Stone  footings  should  be  of  hard,  strong  and  durable  stones,  always  laid  ol 
their  natural  bed  and  solidly  bedded  in  njortar.  As  a  general  rule,  for  li^l 
buildings,  and  where  the  loads  per  unit  of  foundation-bed  are  much  less  thai 

the  allowable  pressure,  the  thickness  of  eacl 
course  b  made  about  equal  to  its  projectiox 
beyond  the  course  above.  The  most  com* 
mon  defect  in  large-stone  footings  is  thai 
the  stones  are  not  properly  bedded,  as  it  is 
more  difficult  to  bed  a  large  stone  than  a 
small  one.  The  stones  should  be  laid  in  a 
thick  bed  of  mortar  and  worked  sidewise  with 
a  bar  until  firmly  settled  in  place. 

Offsets   in   Masonry  Footings.*     The 
projections  of  the  footing  courses  beyond 

the  wall,  or  beyond  the  courses  above,  must 

Fig.    1.    Stone  Footing.   Openings   ^  carefully  considered,  whatever  the  ma- 
at  Joints  tecial  of  the  footings.    If  the  projection   of 

the  footing  or  offset  of  the  courses  is  too 
great  for  the  strength  of  the  stone,  brick,  or  concrete,  the  footing  will  crack, 
as  shown  in  Fig.  2.  The  proper  offset  for  each  course  depends  upon  the 
vertical  load,  the  transverse  strength  of  the  material, 
the  resisting  power  of  the  foundation-bed  and  the 
thickness  of  the  course.t 

Tables  for  Offsets  for  Masonry  Footing 
Coorses.!  As  stated  in  Chapter  II,  in  the  discus- 
sion of  the  design  of  stepped  footings,  there  are 
rule^f-thumb  methods  giving  so-called  safe  projec- 
tions for  given  depths  of  footings  or  giving  the  ratios 

between  the  projections  and  the  depths  of  the  courses.         j^^tiim^x^ -  -  - . 

Tables  of  offsets  for  footing  courses  of  different  ma-  pj-  2  *  Oack  ^'  Foodns 
terials  have  been  computed  from  the  flexure-formula  ^^  Excessive  Off^u^ 
applied  to  the  projecting  footing  courses  considered  as 

CANTILEVER  BEAifS  Uniformly  loaded  by  the  upward  pressures  on  the  under  side 
Although  these  tables,  so  computed,  are  incorporated  in  some  building  codes, 
they  cannot  be  safely  used  without  numerous  restrictions,  exceptions  and  modi- 
fications, and  hence  they  are,  in  general,  unreliable  and  of  use  only  as  approxi- 
mations. As  these  tables  are  still  inserted  in  engineers'  and  architects'  hand- 
books, the  table  of  offsets  for  masonry  footing  courses,  in  a  revised  form,  is  re- 
tained in  this  chapter  with  the  reconmiendation  that  for  footings  of  several 
offsets  it  be  used  with  caution  and  that  for  such  footings  the  methods  explained 
in  Chapter  II  be  used  when  greater  accuracy  of  results  is  required. 

Notes  Regarding  Use  of  Table  I.  The  values  in  Table  I  are  computed 
from  the  formula  I  -  V<  rf  y/Sy/wf  which  is  derived  from  the  rLEXURE-FOUuxTLA 
for  a  uniformly  loaded  cantilever  beam,  and  slightly  changed  to  make  the 
numerical  coefficient  of  the  second  member  of  the  equation  the  value  shown.  § 
In  this  equation,  /  «  the  maximum  allowed  offset  of  the  footing  course  in  inches, 
d  *  the  thickness  of  the  footing  course  in  inches,  S^ »  the  modulus  of  rupture  1 
*  See  Offset  Footings,  Chapter  II,  especially  Subdivisions  17  and  a 2.  | 

t  See  Chapter  II,  Subdivision  22,  for  a  complete  discuasioo  of  the  principles  mvolved 
in  the  design  of  projecting  footings,  ratio  of  projection  to  depth  of  footing,  etc.,  for  homo- 
geneous  slabs,  separate-layer  footin$:s,  etc. 
1  See  Chapter  II,  Subdivision  23,  page  180. 
S  See,  also,  formuk  in  Chapter  II,  SubdivisioQ  as. 
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Ikfato  L    Apgnainmt»  Valuet  of  Offsets  for  Masonry  Footing  Conrsea  in 
Tcnns  of  the  Thickness  of  the  Coarse 

The  values  axe  ooinpated  with  a  factor  of  safety  ol  xo. 


Material  of  the  footings 


pounds 

per  square 

inch 


vin  tons  per 
square  (bot 


OS 


Xorth  River  Bluestone  (ordinary  run) 

t.»nnite  (average) 

Limeitoae  (average) , 

Sttotfatooe  (average) 

Bnckwork  (good  bricks  in  natural-cement  mortar, 

I :  ji.  60  days  old) 

Bnckvork  (hard-burned  bricks  in  Portland-cement 

mortar,  i :  3,  60  days  old) 

rc-acrcte  (Portland  cement,  1  ;  2  : 4,  i  mOnth  old) . 
Coccrete  (Portland  cement,  i  :  2  r  4,  6  months  old) 


3000 
I  850 
I  375 
1375 

laS 

400 
300 
400 


4.1 
3.2 
2.8 
2.8 

0.8 

1.6 
13 


2.9 
2.2 
2.0 

2.0 

0.6 

I.I 
0.9 


2.0 
1.6 
1.4 
1.4 


0.7 
0  6 
0.7 


</  the  materials  in  pounds  per  square  inch,  w  —  the  determined  or  assumed 
.n-ssure  on  the  bottom  surface  of  the  footing  course  considered,  in  tons  of  2  000 
per  sq  ft,  and  /  -  the  factor  of  safety  used.  The  table  gives  the  values  of  l/d 
-•r  three  unit  pressures  w.  For  example,  if  v  is  taken  at  2  tons  per  sq  ft,  then 
.7  limestoae  or  sandstone  footings  l/d^  1.4,  and  if  d,  the  thickness  of  the 
bcrting  course,  is  i2  in,  the  offset  or  projection  should  be  16  or  17  in.  The 
ni'ies  given  in  the  table  for  5/,  the  modulus  of  rupture  for  the  materials,  differ 
terv  ^htly  from  those  given  in  Subdivision  22  of  Chapter  II,  in  Table  I  of 
Lliipter  XV  and  in  Table  III  of  Chapter  XVI.  If  results  are  required  based 
^:f>3  different  fiber-stresses,  upon  a  different  factor  of  safety,  or  upon  different 
:rc<>sures  per  square  foot,  the  formula  may  be  used  instead  of  the  table.  It 
'^  Hikl  always  be  borne  in  mind  that  as  each  footing  course  transmits  the  entire 
*  i^fat  of  the  wall  and  its  load,  the  pressure  will  be  greater  per  square  foot  on 
r-jv  upper  courses,  and  that  the  offsets  should  be  made  proportionately  less; 
^3u  that  the  values  in  Table  I,  when  applied  to  stone-masonry  footings,  are 
'ir^y  valid  for  the  lower  offset  only,  and  then  only  when  the  footing  is  built 
^-A  >toncs  the  thickness  of  which  is  equal  to  the  thickness  of  the  course,  which 
save  a  projection  of  leas  than  half  their  length,  and  which  are  well  bedded  in 
cenieot  mortar. 

Omcrete  Footings.*  For  buiUings  of  great  weight,  except  the  very  heaviest, 
aod  especiaUy  for  those  built  on  a  clay  soil,  concrete  generally  makes  the  best 
t.jAjting,  and  it  is  even  preferable  to  and  generally  cheaper  than  large  slabs  of 
stone.  When  the  concrete  is  properly  made  and  used,  it  attains  a  strength 
equal  to  that  of  most  atones,  and  under  walls,  being  devoid  of  joints,  it  is  like 
\  coKTEsnwus  BEAM,  having  sufficient  strength  to  span  any  soft  spots  that 
bappen  to  be  in  the  foundation-bed.  When  deposited  in  thin  layers  and  well 
rammed,  concrete  becomes  firmly  bedded  on  the  bottom  of  the  trenches,  so  that 
there  »  no  possible  chance  for  settlement  except  that  due  to  the  compression  of 
the  soiU 

•  For  an  example  of  concrete-footing  design,  see  Chapter  11,  Subdivision  22.  For 
reafcrced-coocrete-footing  design,  see  Chapter  II,  Subdivision  24.  See,  also.  Chapter 
XX\',  paragraphs  rdating  to  footings,  pages  978  to  982. 
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PreiMring  the  Trenches.  For  footings,  concrete  made  with  Portland 
cement  is  preferable,  and  it  should  have  a  thickness  of  at  least  8  in,  even  under 
light  buildings;  and  for  buildings  of  more  than  two  stories,  a  thickness  of  at 
least  12  in.  On  firm  soils,  such  as  hard  clay,  the  trenches  should  be  accurately 
dug  and  trimmed  to  the  exact  width  of  the  footings,  so  that  the  concrete  will 
fill  them.  When  the  foundation-bed  is  of  loose  gravel  or  sand  it  is  generally 
necessary  to  set  up  planks  to  confine  the  concrete  and  form  the  sides  of  the 
footings.  These  planks  may  be  held  in  place  by  stakes;  they  should  be  left 
in  place  until  the  concrete  has  become  hard,  which  generally  requires  from  two 
to  four  days,  after  which  they  may  be  pulled  up  and  dirt  filled  in  against  the 
concrete.  The  proportions  and  manner  of  mixing  concrete  are  described  in  the 
latter  part  of  this  chapter. 

Depositing  the  Concrete.  Concrete  should  be  used  as  soon  as  mixed  and 
should  always  be  deposited  in  layers,  which  as  a  rule  should  not  exceed  6  in  in 
thickness,  especially  for  the  first  layer.  On  small  jobs  where  the  work  is  done 
by  hand  the  concrete  is  usually  carried  to  the  trenches  in  wheel-barrows  and 
dumped  into  the  trenches.  The  height  from  which  the  concrete  is  dumped, 
however,  should  not  exceed  4  ft  above  the  bottom  of  the  trench,  because  when  it 
falls  from  a  greater  height  the  heavy  particles  are  apt  to  separate  from  the 
lighter  ones.  As  soon  as  the  concrete  has  been  deposited  in  the  trenches,  it 
should  be  leveled  off  and  then  tamped  with  a  wooden  ranuner  weighing  about 
20  lb,  until  the  water  in  the  concrete  is  brought  to  the  surface.  Concrete  should 
not  be  permitted  to  dry  too  quickly,  and  if  twenty-four  hours  elapse  between 
the  deposits  of  tha  successive  layers,  the  top  of  each  layer  should  be  sprinkled 
before  the  next  is  put  in  place.  For  buildings  over  five  stories  high,  it  is  a  good 
idea  to  place  a  stone  footing  course  above  the  concrete  footing,  if  suitable  stones 
for  the  purpose  can  be  obtained. 

Brick  Footings.  Where  the  foundation  walls  are  of  brick,  the  footings  are 
usually  brick  or  concrete.    For  interior  walls  on  dry  ground,  and  in  many 


1  BRICK 


1 1- BRICKS 


m^s^^ 


S. 


\.^'i^..\-k<<i^ 


Fig.  3.    Brick  Footing.   Wall 
One  Brtck  Thick 


Fig.   4.    Brick  Footing.    Wall  One  and 
One-half  Bricks  Thkk 


localities  for  outside  walls,  brick  footings  are  fully  as  good  as  stone  footings, 
provided  good,  hard  bricks  are  used  and  the  footings  are  properly  built.  Brick 
footings  should  always  start  with  a  double  cotJitSE  on  the  foundation-bed  and 
then  be  laid  in  single  coune  for  ordinary  footings,  the  outside  ot  the  work  bring 
laid  all  heaogks,  as  in  the  acoompan3ring  illustrations,  and  no  course  projecting 
more  than  one-fourth  the  length  of  a  brick  beyond  the  one  above  it,  except  in 
the  case  of  an  8-in  or  9-in  wall.  For  brick  footings  under  high  or  heavily  loaded 
walls,  each  projecting  course  should  be  made  double,  the  header-course  above 
and  the  stketchee-coukse  below.    Figs.  3,  4,  5  and  6  show  footings  for  walls 
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2  BRICKS 


raxyiDg  horn  one  brick  to  three  bricks  in  thickness.  The  bricks  used  for  foot- 
er should  be  the  hardest  and  soundest  that  can  be  obtained,  should  be  laid  in 
cement  mortar  and  should  be  either  grouted  or  thoroughly  slushed  up,  so  that 
every  joint  shall  be  entirely  filled  with  mortar.  The  writer  favors  grouting 
Ux  bnck  footings,  that  is.  the 
c^ng  of  a  thin  mortar  to  hll  the 
kaide  joints,  as  he  has  always 
ioond  that  it  gives  very  satisfac- 
tory results.  The  bottom  course 
f  the  footing  should  always  be 
Lid  in  a  bed  of  mortar  spread 
CO  the  bottom  of  the  trench 
liter  the  latter  has  been  care- 
fully leveled.  All  bricks  laid  in 
vann  or  dry  weather  should  be 
thoroughly  wet  before  la>-ing,  for, 
if  Uid  dry,  they  rob  the  mortar 
td  a  large  percentage  of  the  mois- 


v^j^^^^ 


Fig.  5.    Brick  Footing.    WaU  Two  Bricks  Thick 


tjre  it  contains,  greatly  weakening  the  adhesion  and  strength  of  the  mortar. 
Careful  attention  should  be  given  to  the  laying  of  the  footing  courses  of 
^iklings,  as  upon  them  the  stability  of  the  work  largely  depends.  If  the 
tsAXom  courses  are  not  solidly  bedded,  if  any  rents  or  voids  are  left  in  the 
beds  of  the  masonry,  or  if  the  materiab  themselves  are  imsound  or  badly 


Fig.  6.    Brick  Footiog.    Wall  Three  Bricks  Thkk 


pat  together,  defects  in  the  superstructure  arc  almost  sure  to  show  them- 
selves sooner  or  later,  and  almost  always  at  a  period  when  remedial  efforts  are 
di&cult  and  expensive. 

Inserted  Arches.*  In  a  few  buildings  in  which  the  external  walls  are 
<ij\-ided  into  piers  with  wide  openings  between  them,  and  in  which  the  support- 
in;;  power  of  the  soil  is  not  more  than  2  or  3  tons  per  sq  ft,  it  was  thought  desir- 
ilM  to  connect  the  bases  of  the  piers  by  means  of  inverted  arches,  for  the  pur- 
pose of  distributing  the  weight  of  the  piers  over  the  whole  length  of  the  footings. 
Examples  of  inverted-arch  footings  are  shown  in  Figs.  7 1  and  8,t  which  represent 
respectivdy  the  construction  employed  in  the  Drexel  Building  in  Philadelphia 

*  For  an  example  worked  out  in  fiiU,  showing  the  method  of  proportioning  inverted 
Ktha,  see  Chapter  III,  Building  Construction  and  Superintendence,  Part  I,  Masons' 
Wok,  by  F.  E.  Kkidcr. 

t  From  the  F.nginffring  Record,  May,  1899,  and  Nov.,  1890. 
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and  the  World  Building  in  New  York  City.  Unless  the  piers  are  about  equally 
loaded,  however,  it  is  generally  impossible  to  distribute  the  weight  evenly,  and 
if  the  arches  extend  to  an  angle  of  the  building,  the  end-arch  must  be  provided 
with  ties  of  sufficient  strength  to  resist  the  thkust  of  the  arch,  as  otherwise  it 
may  push  out  the  comer-pier.  It  is  usually  better  to  build  the  piers  with  sepa- 
rate footings,  projecting  equally  on  all  sides  of  the  pier,  and  each  proportioDed 


ift« 


Fig.   7.    Inverted-arch   Footing.     Drexd        Fig.    8.    Inverted-arch    Footing.    World 
Building,  Philadelphia  Building,  New  York 

to  the  load  supported.  The  intermediate  wall  may  be  supported  by  steel  beams 
or  by  arches.  About  the  only  advantage  over  ordinary  masonry  footings 
possessed  by  inverted  arches  is  in  the  resulting  shallower  foundations. 

The  following,  relating  to  inverted  arches,  is  taken  from  the  New  York  build- 
ing law:  "If,  in  place  of  a  continuous  foundation  wall,  isolated  piers  are  to  be 
built  to  support  the  superstructure,  where  the  nature  of  the  ground  and  the 
character  of  the  building  make  it  necessary,  in  the  opinion  of  the  Commissioner 
of  Buildings  having  jurisdiction,  inverted  arches  resting  on  a  proper  bed  of 
concrete,  both  designed  to  transmit  with  safety  the  superimposed  loads,  shall 
be  turned  between  the  piers.  The  thrust  of  the  outer  piers  shall  be  taken  up 
by  suitable  wrought-iron  or  steel  rods  and  plates."     (Law  of  1906.) 

2.   Cellar  Walls  and  Basement  Walls 

Definitions.  These  terms  are  generally  applied  to  walls  which  are  below 
the  surface  of  the  ground  or  below  the  water-table  or  first-floor  beams, 
which  support  the  superstructure  and  which  go  down  to  the  FOtWDAnoN  walls. 
properly  so  called.  (See  Chapter  II,  Divisions  i  and  29.)  Walls  whose  chief 
office  b  to  withhold  a  bank  of  earth,  such  as  the  walls  around  areas,  are  called 
RETAINING-WALLS.     (For  retaining-walls,  see  Chapter  IV.) 

Materials  for  Cellar  and  Basement  Walls.  These  walls  may  be  built  of 
brick,  stone  or  concrete.  Brick  is  suitable  only  in  very  dry  solb  or  for  a  party 
wall  with  a  cellar  or  basement  on  each  side  of  it.  Portland<ei£ENT  concrete 
is  an  excellent  material  for  foundation  walls,  and  is  being  mofe  extensively 
used  in  their  construction  every  year.  The  concrete  may  be  filled  in  between 
wooden  forms,  which  h6ld  it  in  place  until  it  has  set,  or  concrete  blocks  molded 
so  as  to  form  a  solid  wall  may  be  used.    If  poukeo  concrete  is  used  the  forais 
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shfiold  be  removed  as  soon  as  the  concrete  has  set  and  the  walls  should  be 
sprinkled  once  or  twice  a  day,  if  the  weather  is  dry,  so  that  the  concrete  will  not 
dr>-  too  quickly  Good  hard  ledoe-Stone,  especially  if  it  comes  from  the  quarry 
•iib  flat  beds,  makes  not  only  a  strong  wall  but,  if  well  built,  one  that  will  stand 
tbe  effects  of  moisture  and  the  pressure  of  the  earth  much  better  than  a  brick 
vall.  Between  a  good  stone  wall  and  a  wall  of  Portland-cement  concrete, 
i^ere  is  probably  not  much  choice,  except  perhaps  in  the  matter  of  expense,  the 
r  Utive  cost  of  stonework  and  concrete  varying  in  different  localities.  A  wall 
t^  xlt  of  soft  stones,  or  stones  that  are  very  irregular  in  shape,  with  no  flat  surfaces, 
i<  ffcathr  inferior  to  a  concrete  wall,  or  even  to  a  wall  of  good  hard  bricks,  and 
?.V.uki  be  used  only  for  dwellings  or  light  buildings.  Stone  walls  should  never 
'« less  than  18  in  thick,  and  should  be  well  bonded,  with  full  and  three-quarter 
^ciders,  and  all  spaces  between  the  stones  should  be  filled  solid  with  mortar 
ind  broken  stones  or  spall;;.  The  mortar  for  stonework  should  be  made  of 
cement  and  sharp  and  rather  coarse  sand.  The  outside  walls  of  cellars 
■-'4  basements  should  be  plastered  smooth  on  the  outside  with  i  :  2.  or  i  :  iV4 
C'Tjent  mortar,  from  MtoH  in  thick.  In  heavy-clay  soils  it  is  a  good  idea  to 
tATTES  the  walls  on  the  outside,  making  them  from  6  in  to  i  ft  thicker  at  the 
bcttom  than  at  the  top. 

Thickness  of  Cellar  and  Basement  Walls.  This  is  usually  governed  by 
tlat  of  tbe  walls  above,  and  also  by  the  depth  of  the  wall.  Nearly  all  building 
'(.fulations  require  that  the  thickness  of  the  cellar  and  basement  wall,  to  the 
depth  of  12  ft  below  the  grade-line,  shall  be  4  in  greater  than  the  thickness  of  the 
rail  above  for  brick,  and  8  in  greater  for  stone,  and  that  for  every  additional 
:  3  ft  or  part  thereof  in  depth,  the  thickness  shall  be  increased  4  in.  In  all  large 
.iiks  the  thickness  of  the  walls  of  buildings  is  controlled  by  law.  For  buildings 
ir^  which  the  thickness  of  the  walls  is  not  so  governed,  the  following  table  will 
serve  as  a  guide: 


Table  n.    Thickness  of  Cellar  and  Basement  Walls 


Height  of  byilding 


Dwellings,  hotels, 
etc. 


Brick. 


Stone, 
in 


Warehouses 


Brick. 


Stone, 


Tito 
I  Thxcesiories 

Poor  stories. 

Five  stories . 
'  Six  atones... 


xaor  16 
16 
20 
24 


ao 
24 
28 

S2 


16 

20 
24 

24 

28 


24 
28 
28 
32 


3.  Walls  of  the  Superstructure 

Brick  snd  Stone  Walls.  Very  little  is  known  regarding  the  stabuity  of 
tkaUs  of  buildings  beyond  what  has  been  gained  by  practical  experience.  The 
only  stresses  in  any  horizontal  sections  of  such  walls,  which  can  be  determined 
with  any  accuracy,  arc  the  direct  weight  of  the  walls  above  and  the  pressure 
due  to  the  floors  and  roof.  In  most  walls,  however,  there  is  a  tendency  to 
BUCKLE,  to  overcome  which  it  is  necessary  to  make  them  thicker  than  would 
be  requiied  to  renst  the  direct  crushing  stress.  The  resistance  to  fire  should 
also  be  taken  into  account  in  deciding  upon  the  thickness  of  any  given,  wall. 
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The  strength  of  a  wall  depends  also  very  much  upon  the  qxiality  of  the  materials 
used  and  upon  the  way  in  which  the  wall  is  built.  A  wall  bonded  every  la  in 
in  height,  and  with  every  joint  slushed  full  with  good  rich  mortar,  is  as  strong 
as  a  poorly  built  wall  4  in  thicker.  Walls  laid  with  cement  mortar  are  also 
much  stronger  than  those  laid  with  lime  mortar,  and  a  brick  wall  built  with 
bricks  that  have  been  well  wet  just  before  laying  is  very  much  stronger  than  one 
built  with  dry  bricks. 

Thickness  of  External  Walla.  In  nearly  all  the  larger  cities  of  the  country 
the  minimum  thickness  of  the  walls  is  prescribed  by  law  or  ordinance,  and  as 
these  requirements  are  generally  ample  they  are  commonly  adhered  to  by  archi- 
tects when  designing  brick  buildings.  Table  III  *  gives  the  thickness  of  brick 
walls  required  for  mercantile  buildings  in  representative  cities  of  different 
sections  of  the  United  States,  and  affords  about  as  good  a  guide  as  one  can 
have,  because  the  values  given,  as  a  rule,  represent  the  judgment  of  well- 
qualified  and  experienced  persons.  Walb  for  dwellings  are  generally  per- 
mitted to  be  4  in  less  in  thickness  than  fur  warehouses,  although  in  some 
cities  little  or  no  distinction  is  made  between  business  blocks  and  dwellings. 

Table  IV  gives  the  thickness  required  for  the  brick  walls  of  dwellings,  tene- 
ments, hotels  and  office-buildings  in  Chicago.  The  thickness  given  is  the  mini- 
mum that  should  be  allowed  for  the  walls  of  such  buildings.  Most  cities  require 
13-in  walls  for  the  upper  story  of  three-story  buildings  and  for  large  two- 
story  dwellings.  In  St.  Louis  the  two  upper  stories  of  dwellings  are  required  to 
be  13  in,  the  next  two  below,  18  in,  the  next  two  22  in,  and  the  next  two  26  in 
thick. 

In  compiling  Table  III  the  top  of  the  second  floor  was  taken  at  19  ft  above 
the  sidewalk,  and  the  height  of  the. other  stories  at  13  ft  4  in,  including  the 
thickness  of  the  floor,  as  the  New  York  and  Boston  laws  and  the  la  vs  of  some 
other  cities  give  the  height  of  the  walls  in  feet  instead  of  in  stories.  When  the 
height  of  stories  exceeds  these  measurements  the  thickness  of  the  walls  in  some 
cases  will  have  to  be  increased.  The  Chicago  ordinance  (19 14)  specifies  that 
"where  12-in  walls  arc  used,  the  story-heights  shall  not  exceed  18  ft,  where  i6-in 
walb  are  used,  the  story-heights  shall  not  exceed  24  ft,  and  where  20-in  walls 
are  used,  the  story-heights  shall  not  exceed  30  ft. " 

General  Rule  for  Thickness  of  Walls.  Although*  there  are  great  differ- 
ences in  the  thicknesses  given  in  Table  III,  more  indeed  than  there  should  be, 
a  general  rule  might  be  formulated  from  it,  for  mercantile  buildings  over 
four  stories  in  height,  which  would  be  somewhat  as  follows: 

For  bricks  equal  to  those  used  in  Boston  or  Chicago,  make  the  thickness  of 
the  three  upper  stories  16  in.  of  the  next  three  below  20  in,  the  next  three  24  in 
and  the  next  three  28  in.  For  a  poorer  quality  of  material  make  only  the  two 
upper  stories  16  in  thick,  the  next  three  20  in,  and  so  on  down.  In  buildings  less 
than  five  stories  in  height  the  top  story  may  be  12  in  thick. 

In  determining  the  thickness  of  walls  the  following  general  principles  should 
be  recognized: 

(i)  That  walls  of  warehouses  and  mercantile  buildings  should  be  heavier 
than  those  used  for  living  or  office  purposes. 

*  Since  this  table  was  compiled,  some  provisions  of  some  laws  have  been  changed,  but 
the  requirements  relating  to  the  thicknesses  of  walls  vary  but  little  from  those  given. 
As  building  laws  of  diflercnt  cities  are  amended  from  time  to  time,  architects  and 
builders  must  be  guided  by  the  code  in  force  in  the  city  in  which  a  building  b  to  be 
erected.  The  table  represents  the  average  requirements  at  the  present  time  (1915) 
and  is  useful  for  comparative  purposes  and  as  a  guide  for  those  building  out^de  of  dtiea , 
or  where  no  special  building  laws  are  in  force. 
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Tkble  nL*    Tldckness  in  Inches  of  Walls  for  Mercantile  Buildings  and, 
Bscept  in  Chicaco,  for  AH  Buildinss  Over  Five  Stories  in  Height 


Hosht  and  location  of  building 

Stories 

1st 

^ 

3d 

.th 

sth 

6th 

7th 

3th 

Two 

Boston                       

t6 

12 
12 
12 

i8 
13 
17 
13 

20 

i6 
i6 
i6 
i8 
17 
17 
13 

20 

i6 

20 

t6 

22 
21 

17 
i8 

20 
20 
20 
20 
22 
21 
21 
I8 

24 

24 

20 
20 
26 
26 
21 
22 

24 
28 
20 
20 
26 
26 
22 

28 
32 
24 
24 

30 
30 

22 

12 
12 
12 
12 
13 
13 
13 
13 

16 
16 
12 
12 
18 
17 
17 
13 

16 

16 
16 
16 
18 
17 
17 
18 

20 
16 
20 
16 
22 
21 

;i 

20 
20 
20 
20 
22 
21 
21 
18 

20 
24 
20 
20 
26 
21 
22 

24 

28 
24 
20 
26 
26 
22 

New  York     

Chicago                     - 

Minneapolis 

St  Louis                 

' 

New  Origins 

Boston             

16 
12 
12 

12 
13 
13 
13 
13 

16 
16 
16 
12 
18 
17 
17 
13 

20 
16 
16 
16 
18 
17 
17 
18 

20 
20 
20 
16 
22 
21 
17 
18 

20 
24 
20 
30 
22 

'I 

18 

20 
24 
20 
20 
26 
21 
22 

New  York              

Chtcap>             

TTsTBe 
dories 

Poor 
sxories 

St.  Louis 

San  Prancisco 

New  Orleans        

[Boston                

16 
12 
12 
12 
13 
13 
13 
13 

20 
16 
16 
12 
18 
17 
17 
13 

20 
20 
16 
16 
18 
17 
17 
18 

20 
20 
20 
16 
22 
21 
18 

20 
24 
20 
20 
22 
21 
18 

New  York                        

Chicago                   

St  Louis           

New  Orleans 

r  Boston         

16 
16 
16 
12 
13 
13 
13 
13 

20 
16 
16 
16 
18 
17 
17 
13 

20 
20 
16 
16 
18 
17 
18 

20 
20 
20 
16 
22 
21 
18 

New  York              

Ohicaso 

Five 
stories 

MiimeaDolis           

St  Louis 

New  Orleans   

1 

Boston                

16 
16 
16 
12 
13 
13 
13 
13 

20 
16 
16 
16 
18 
17 
13 

20 
20 
16 
16 
18 
17 
18 

New  York                     

Chicago               

Six 
stories 

St  Louu             

t  Boston        

16 
16 
t6 
12 
13 
17 
13 

20 
16 
16 
16 
18 
17 
13 

16 
16 
16 
12 
13 
17 
13 

1 

New  York           

' 

Chicaj^      

Seven     , 

Minneaoolis         

1    stones 

St   Ixmis 

j 

Denver                

Eight 
storiei 

New  Orl^ns               

f  Boston        

New  York        

Chkago        

MinneaTX>lis 

St.  Ix>uis 

Denver            

New  Orleans 

*  See  footnote  on  page  230. 
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Table  III  (Coatiiued).*   ThlckneM  in  Incbec  of  Walls  for  Marcaotila 

Buildings  and.  Except  in  Chicaco.  for  all  BuUdings  Over 

Five  Stories  in  Height 


Height  and  location  of 
building 


Nine 
stories 


Ten 
stories 


Eleven 
stories 


Twelve 
stories 


Boston 

New  York 

Chicago 

Minneapolis. . . 

St.  Louis 

Denver 

Boston 

NewYvjrk... 

Chicago 

Minneapolis. .. 

St.  Louis 

Denver 

Boston 

New  York.... 

Chicago 

St.  Louis 

Denver 

Boston 

New  York 

Chicago 

St.  Louis 

Denver 


Stories 


1st    3d     3d    4th  sth  6th  7th  8th  gth  xoth  nth  i2th 


i6  1. 

i6    . 

i6  I. 
13' 
»7  |. 

20 

i6 
i6 
18 
17 


i6 
i6 
i6 
13 


•  Sec  footnote  on  page  230. 

Table  IV.  t    Thickness  of  Enclosing  Walls  for  Residences.  Tenements, 
Hotels  and  Offlce-Buildings.    Chicago  Bnilding  Ordinance 


Number  of  stories 

Base- 
ment 

13 
13 
16 
20 
20 
30 
24 
24 
38 
28 
28 
32 

Stories 

1st    2d     3^ 

: 1 

1 
8    

4th 

5th 

6th 

7th 

8th 

9th 

1 
loth  nth 

1 

I2lh 

Basement  and 

Twostory 

12       8    .... 

i 

Three-story 

Four-story 

12  '  12       8 
16  I  16     12 
16  1  16      16 
30  1  16      16 

24   j    30   ,    20 
34  1   34      30 
24      34      30 
24      34       24 
28  1   24      34 
28  >   28      24 
1 

1 

12 
12 
16 
16 
20 
20 
20 
24 
24 

12 
12 
16 
16 

20 

12 
12 
16 

Tfi 

1 

Seven-story 

Eight-story 

Nine-story 

12 
12 
16 
16 

20 
20 

1 

12 
12 
i6 
16 

20 

1 

12 
12 

16 
16 

20  '  20 

13     

Bleven-story 

Twelve-story 

20 
24 

20 
20 

la  ,  12 

16   1    13 

12 

t  These  thicknesses  are  allowed  when  certain  requirements  are  fulfilled  in  regard  to 
lengths  of  walls,  heights  of  stories,  etc.  For  these  modifying  restrictions  and  for  the 
classifications  of  buildings  in  regard  to  their  uses  the  building  laws  must  be  consulted. 


The  Uble  is  inserted  in  this  form  as  a  useful  general  guide  and^  an  iUusUation  of  the 
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h)  That  high  stories  and  clear  spans  exceeding  25  ft  require  thicker  walls. 

'jj  That  the  length  of  a  wall  is  a  source  of  weakness,  and  that  the  thickness 
•bjoM  be  increased  4  in  for  every  25  ft  over  100  or  125  ft  in  length.    In  New 
icrk  the  thicknesses  given  in  the  table  must  be  increased  for  buildings  exceed- 
r^  iQS  ft  in  depth  on  the  lot.    In  Western  cities  the  tables  are  compiled  fo 
vanbouBcs    125   ft  in  depth,  as  that  is  the  usual  depth  of  lots  in  those 

•.4)  That  walls  containing  over  33%  of  openings  should  be  increased  in  thick- 

|^)  That  partition  walb  may  be  4  in  less  in  thickness  than  the  outside  walls 
u  ixfi  over  60  ft  long,  but  that  no  partition  should  be  less  than  8  in  thick. 

WaOs  Faced  with  Ashlar.  "In  reckoning  the  thickness  of  walls,  ashlar 
-•-^1  not  be  included  unless  the  walls  are  at  least  16  in  thick  and  the  ashlar  is 
II  \eaSL  8  in  thick,  or  unless  alternate  courses  are  at  least  4  and  8  m  to  allow 
•  ^diog  with  the  backing.  Ashlar  shall  be  properly  held  by  metal  clamps  to 
■jx  backing  or  properly  bonded  to  the  same."  * 

Stone  WaOs  should  generally  be  4  in  thicker  than  required  for  brick 

HoQow  Wftl]8.t  HoUow  walls  are  undoubtedly  desirable  for  dwellings,  and 
-  zht  well  be  used  for  other  buildings  not  more  than  four  or  five  stories  in  height, 

;iccount  of  the  security  afforded  from  the  weather.  Owing  to  the  fact  that 
'T'-y  are  usually  more  expensive  than  solid  walls  and  occupy  more  space,  they 
r>.  not  very  extensively  used  in  this  country. 

The  Boston  building  law  requires  that  "vaulted  walls  shall  contain,  exclusive 
.-f  tithes,  the  same  amount  of  material  as  is  required  for  solid  walls,  and  the 
'T2s*~4\ry  on  the  inside  of  the  air-space  in  walls  over  two  stories  in  height  shall 
'-  r^t  less  than  8  in  thick,  and  the  parts  on  either  side  shall  be  securely  tied 
..^nher  with  ties  not  more  than  2  ft  apart  in  each  direction." 

Walls  of  Concrete  Blocks.    Blocks  made  of  Portland-cement  concrete,  and 
n^aed  in  molds,  are  frequently  used  for  building  walls  and  partitions  that  are 
mparatively  thin  and  bear  light  k>ads.    Patents  have  been  taken  out  on 
:  ierent  forms  of  blocks  and  on  machines  or  processes  for  making  the  same, 
ti  raany  buildings  have  been  erected  with  walls  built  of  these  blocks.    Most  of 
'Ik  bkxrks  are  molded  so  as  to  form  hollow  walls.    Block  construction  of  this 
'M  has  an  advantage  over  poured  walls,  in  that  the  blocks  are  thoroughly 
^c2<oaed  before  they  are  set  and  hence  no  provision  is  required  for  expansion  or 
>rtraction.     For  the  thin,  light  walls  above  mentioned  the  concrete-block 
^  citniction  is  better  adapted  than  solid  concrete.    The  expense  of  forms  is 
^vvided  and  also  the  texidency  to  crack  and  to  leave  an  unsatisfactory  surface- 
2'jssL    Concrete  blocks  may  be  substituted  for  any  ordinary  stone  or  brick 
rjjoniy.     Building  laws  usually  require  the  thickness  of  walls  of  hollow  con- 
crete bkxzks  to  be  not  less  than  that  required  (or  brick  walls.    They  should  not 
be  osed  in  party  walls.     (See,  also,  Chapter  XXIII,  Subdivision  2.) 

Wafls  of  Hollow  Tiles.  Hollow  tiles  are  used  for  the  external  walls  of 
dwellings  and  sometimes  for  factories  in  some  locations  and  under  certain 
Tt>'.nrtioos.  For  example,  the  building  laws  (1913)  of  the  District  of  Columbia 
sJbw  approved  hollow  tiles,  net  less  than  12  in  in  thickness,  to  be  used  for  the 

*  Boitjjn  Building  Law,  in  force  in  19x5. 

t  For  a  full  description  of  the  details  of  construction  of  hollow,  brick  vails,  see  pages 
'^'■'  to  375  of  Building  Constiuction  and  Superintendence,  Part  I,  Masons'  Work,  by  F.  £. 
Kiddff. 
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external  walls  of  dwellings  located  not  less  than  3  ft  from  the  side  or  party  line 
of  the  lot.  The  Philadelphia  laws  do  not  allow  the  use  of  hollow  tiles  for  any 
external  wall  or  heavy  bearing  partition.  As  far  as  fire-resistance  is  concerned, 
construction  of  hollow  tiles  is,  of  course,  superior  to  wooden  ODnstniction,  ancl  its 
use  is  increasing,  the  outside  walls  being  usually  covered  with  cement  or  stucco, 
although  occasionally  left  with  the  finished  texture  of  the  tile  surface.  Xhe 
reason  hollow  tiles  are  prohibited  by  building  ordinances  for  certain  uses  is 
because  when  heated  and  then  suddenly  cooled  by  water  they  are  apt  to  crack 
from  the  sudden  contraction.  Recent  conflagrations  have  shown  that  hard- 
burned  terra-cotta  will  crack  and  fall  to  pieces  imder  severe  heat  alone.  (See» 
also,  Chapter  XXUI,  Subdivision  2.) 

Party  Walls.  There  is  much  diversity  in  building  regulations  regarding 
the  thickness  of  party  walls,  although  they  all  agree  in  that  such  walb  should 
never  be  less  than  12  in  thick.  About  one-half  of  the  laws  require  that  party 
walls  shall  be  of  the  same  thickness  as  external  walls;  the  remainder  are  about 
equally  divided  between  making  the  party  walls  4  in  thicker  or  thinner  than 
for  independent  side  walls.  When  the  walls  are  proportioned  by  the  rule 
pieviously  given  the  author  believes  that  the  thickness  of  the  party  walls  should 
be  increased  4  in  in  each  story.  The  floor-load*  on  party  walls  Is  obviously 
twice  that  on  side  walls,  and  the  necessity  for  thorough  fire-protection  is 
greater  in  the  case  of  party  walls  than  in  other  walls. 

Bnclonng  Walls  for  Steel,  Skeleton  Constructioii.  In  buildings  of  the 
skeleton  type  the  outer  masonry  walb  arc  usually  supported  either  in  every 
story  or  every  other  story  by  the  steel  framework,  and  carry  nothing  but  their 
own  weight.  Such  walls  may,  therefore,  be  considered  as  only  one  or  two 
stories  high,  and  are  usually  made  only  12  in  thick  for  the  whole  height  of  a 
twelve-story  or  fifteen-story  building.  For  skeleton  construction,  the 
Chicago  ordinance 'allows  enclosing  walls  of  12 -in  thickness  for  all  stories. 
The  New  York  City  building  law  requires  the  use  of  12-in  enclosing  walls  for  75 
ft  of  the  uppermost  height  thereof,  or  to  the  nearest  tier  of  beams  to  that 
measurement,  and  4  in  additional  thickness  for  every  lower  60-ft  section  or  to 
the  nearest  tier  of  beams  to  such  vertical  measurement,  down  to  the  tier  of 
beams  nearest  to  the  curb-level.  But,  on  account  of  the  severity  of  some  of 
the  requirements  as  applied  to  very  high  buildings  of  skeleton  construction, 
permission  is  frequently  given  by  the  Commissioners  of  Buildings,  who  are 
empowered  to  modify  the  building  laws  within  certain  limits,  to  reduce 
the  thicknesses  of  oirtain  walls  for  very  high  buildings,  according  to 
the  peculiar  circumstances  of  each  case,  without  endangering  the  strength  and 
safety  of  the  building.  A  few  of  the  earlier  tall  buildings  were  built  with  sei^f- 
SUSTAINING  WALLS,  Starting  from  the  foundation,  while  columns  were  intro- 
duced merely  to  support  the  floors  and  to  give  additional  stiffness.  "The 
World  Building,  New  York  City,  erected  in  1890,  is  an  extreme  example  of 
high-building  construction,  with  self-sustaining  walls.  The  main  roof  is  191  ft 
above  the  street-level,  making  thirteen  main  stories,  above  which  is  a  dome  1 
containing  six  stories,  in  all,  a  height  of  275  ft  above  the  street.  The  self-sus- 
taining walls  are  built  of  sandstone,  brick  and  terra-cotta,  the  thickness  increas> 
ing  from  2  ft  at  the  top  to  as  much  as  1 1  ft  4  in  near  the  bottom,  where  the  walls 
are  offset  to  a  concrete  footing  15  ft  wide.  The  walls  are  vertical  on  the  outside 
faces,  the  thickness  being  varied  by  inside  offsets,  so  that  the  columns  are  recessed 
into  the  walls  at  the  bottom,  but  emerge  and  are  some  distance  clear  of  the  walla 
at  the  top."* 

*  From  Architectural  EDgineering,  by  J.  K.  Fidtag. 
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4.  Nataral  Cements  * 

Properties  and  Uses  of  Nataral  Cements.  The  first  hydraulic  cements ' 
i5<d  in  this  country  were  matuhal  cements,  manufactured  by  the  calcination 
ji  arsiUaceous  limestone  containing  sufficient  silica,  alumina  and  iron  oxide  to 
.joia  faydiaulic  properties  when  the  burned  rock  was  pulverized  and  gauged 
with  water.  These  natural  cements  were  very  widely  manufactured  and  used 
.ztil  recent  years,  when  they  have  been  practically  completely  replaced  by 
?:rtlaDd  cement.  Natural  cements  vary  in  color  from  light  yellow  to  dark 
c.-wn  according  to  the  content  of  oxide  of  iron,  and  in  distinction  to  Portland 
:r-:ieats  they  are  not  uniform  in  their  composition  or  behavior.  The  chemical 
.  tnposition  and  physical  characteristics  of  various  natural  cements  vary  within 
«Sde  limits,  not  only  between  cements  manufactured  in  different  mills,  but  be- 
treen  the  products  of  the  same  mill  at  different  times.  Natural  cements  set 
-.ice  rapidly  than  Portland  cements  and  are  slower  in  developing  strength. 
T-i  production  of  natural  cement  in  the  United  States  for  19 13  was  800  000 
..rrds,  while  during  the  same  year  the  production  of  Portland  cement  was 
*i  000  000  barrels;  from  which  it  is  seen  that  the  natural-cement  industry  is 
^l^Lively  almost  extinct.  Natural  cement  may  be  used  in  massive  masonry 
▼iaere  wdght  rather  than  strength  is  the  essential  feature.  It  is  used,  also. 
-:r  certain  special  purposes,  such  as  in  the  manufacture  of  safes  and  in  certain 
-liTBtries  where  a  quick-setting  cement  is  necessary.  Where  economy  is  the 
r  vabing  factor,  a  comparison  may  be  made  between  the  use  of  natural  cement 
^  a  leaner  mixture  of  Portland  cement  that  will  develop  the  same  strength. 

Weight.  The  specifications  of  the  American  Society  for  Testing  Materials 
r?qiure  that  a  bag  of  natural  cement  shall  contain  94  lb,  net,  of  cement,  and  that 
cich  barrel  of  natural  cement  shall  contain  three  bags  of  this  net  weight. 

Strenstii-  A  natural-cement  mortar,  in  order  to  comply  with  the  require^ 
*XDts  of  the  standard  specifications  of  the  American  Society  for  Testing  Ma- 
ttrUs,  must  show  a  tensile  strength,  for  the  neat  cement,  of  at  least  150  lb 
per  sq  in,  when  one  week  old,  and  250  lb  at  the  end  of  28  days^or,  when  mixed 
vith  three  parts  of  standard  Ottawa  sand,  50  lb  at  the  end  of  one  week,  and  135 
'.1 21  the  end  of  28  days.  The  strength  of  i  :  2  natural-cement  mortar  is  about 
e;i2al  to  that  of  i  :  4  Portland-cement  mortar. 

Proportions  of  Natural  Cement  and  Sand  for  Mortar  and  Concrete. 
ijt  nwrtar  for  rubble-stone  masonwork  and  ordinary  brickwork,  one  part  of 
laiaral  cement  may  be  mixed  with  three  parts  of  sand,  by  measure. 

Hydravtic  Lime.  A  product  closely  related  to  natinal  cement  is  hydrauuc 
LDfE.  This  is  manufactured  in  the  same  way  as  natural  cement,  but  the  rock 
used  fwit*""*  sufficient  lime  to  permit  it  to  slake  like  quicklime.  When  the 
Rsuhing  product  is  pulverized,  it  sets  and  hardens  as  an  hydraulic  cement. 
Hydraulic  times  are  largely  manufactured  in  Europe,  and  especially  in  France 
zrA  Belgium,  but  in  the  United  States  they  have  been  manufactured  only  in  a 
ic-w  kxalities.  This  is  due  to  the  fact  that  while  rock  of  suiUble  composition 
B  viddy  found,  the  impurities  are  not  imiformly  distributed  through  it,  but  are 
foood  in  layers  or  seams  which  prevent  the  material  from  being  uniformly 
burned.  The  portion  of  the  rock  inunediately  adjacent  to  and  including  the 
seam  of  impurities  overburns,  frequently  melting  like  a  slag,  while  the  purer 
portions  consist  simply  of  quiddime;  and  while  the  resulting  mass  slakes  partly, 
the  product  when  pulverized  is  unreliable  as  a  cement. 

*  Pnctical  data  xdating  to  Cements,  Limes  and  Plasters  were  furnished  the  Editor  by 
tfe  Chalks  Warner  Company  of  Wifanington,  DeL  For  Limes  and  Plasters,  see  Part 
m,  pages  Z46a  to  X47s. 
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Grappier  Cement  is  a  by>pkoduct  produced  during  the  calcination  of  hy- 

DKAUUC  LDCE. 

La  Farge  Cement  is  an  imported  non-staining  gkappier  cement.     It 
develops  neariy  the  same  strength  as  the  Portland  cements. 

6.  Artificial  Cements 

The  Artificial  Cements  used  in  the  United  States  include  Portland  cement 
and  Puzzolan  or  slag  cement. 

Portland  Cement.  The  principal  artificial  cement  in  this  country  to-day 
is  Portland  cement.  It  is  manufactured  from  two  raw  materials  which  are 
ground  to  extreme  fineness  to  secure  an  intimate  mix  before  burning,  aikd  it 
is  from  this  fact  that  it  derives  its  name,  artificial  cement.  These  ma- 
terials must  be  so  proportioned  that  in  the  finished  cement,  silica,  alumina,  iron 
oxide  and  lime  will  be  present  in  a  certain  ratio  which  must  be  maintained 
within  close  limits.  In  the  Lehigh  Valley  region  of  Pennsylvania,  in  which 
are  located  some  of  the  leading  Portland-cement  mills  of  the  United  States,  the 
raw  materials  used  are  limestone  and  cement-rock.  The  cement -rock  is  an  im- 
pure limestone  carrying  argillaceous  or  clay-matter.  In  order  to  bring  the  lime- 
content  up  to  the  required  percentage,  it  is  usually  found  necessary  in  this 
region  to  add  limestone.  In  other  districts  the  raw  materials  used  are  lime- 
stone and  clay,  limestone  and  shale,  marl  and  clay  and  also  blast-furnace  sla^ 
and  limestone.  The  product  from  the  last-mentioned  mixture  should  not  be 
confused  with  the  comnK>n  slag  cement  or  Puzzolan  cement,  as  the  slag  is  simply 
used  as  a  raw  material  supplying  silica,  alumina,  iron  oxide  and  lime;  and  with 
the  exception  of  the  use  of  slag  to  furnish  these  ingredients,  the  process  of  manu- 
facture and  the  properties  are  substantially  the  same  as  for  the  other  Portland 
cements.  The  raw  mix  in  a  Portland  cement  mill  is  analyzed  at  most  mills 
several  times  each  hour  to  keep  the  composition  of  the  cement  within  the  proper 
limits.  The  raw  material,  which  is  pulverized  as  fine  as  the  finished  cement,  is 
burned  in  rotary  kilns,  the  fuel  used  in  most  instances  being  powdered  coal. 
From  the  kiln  it  issues  in  the  form  of  cunker,  the  name  given  to  the  scmivit- 
rified  product.  After  cooling,  calcium  sulphate  in  the  form  of  gypsum  is 
added  to  control  the  set  and  the  product  is  pulverized  and  packed  for  shipment. 
The  manufacture  and  properties  of  Portland  cement  have  been  made  the  subject 
of  careful  study  by  the  American  Society  for  Testing  Materials  and  by  the 
American  Society  of  Civil  Engineers.  The  result  of  this  study  is  embodied  in 
the  standard  specifications  of  the  American  Society  for  Testing  Materials,  ex- 
tracts from  which  are  given  in  the  paragraphs  following.  These  specifications 
furnish  a  reliable  guide  for  the  acceptance  or  rejection  of  any  shipment  of  ce- 
ment and  have  been  very  widely  adopted  by  the  leading  architects  and  engineers 
of  this  country.  These  specifications  do  not  stipulate  that  Portland  cement  shall 
consist  of  any  one  particular  composition,  but  in  this  respect  confine  themselves 
to  the  limitation  of  the  magnesia  (MgO)  and  anhydrous  sulphuric  acid  (SOi)  con* 
tent.  The  reason  for  this  is  that  with  different  raw  materials  it  is  found  neces- 
sary to  vary  the  composition  of  the  cement  to  obtain  the  correct  phs^cal 
properties  in  the  finished  material.  Different  cements  which  satisfy  the  require- 
ments of  these  standard  specifications  are  generally  considered  satisfactory  ce- 
ments for  use,  although  the  composition  of  one  may  vary  in  some  parttculaiB 
from  that  of  another.  The  chemical  composition  of  a  good  brand  of  Port- 
land cpment  is  about  as  follows:  Lime,  62;  silica,  23;  alumina,  8;  and  impurities 
Buch  as  iron  oxide,  magnesia,  and  sulphuric  acid,  7. 
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Stakdakd  Specifications  por  Poktiand  Cement.*  The  following  extracts 
pvt  the  most  important  requirements  for  Portland  cement: 

bcFiNniON.  This  tenn  is  applied  to  the  finely  pulverized  product  resulting 
ti.m  the  calcination  to  incipient  fusion  of  an  intimate  mixture  of  properly  pro- 
p-.rtioned  argillaceous  and  calcareous  materials,  and  to  which  no  addition 
frcMtcr  than  3%  has  been  made  subsequent  to  calcination. 

SFEcmc  GaAViTY.  The  specific  gravity  of  cement  shall  be  not  less  than  3.10. 
Sht'uld  the  test  of  cement  as  received  fall  below  this  requirement,  a  second  test 
ray  be  made  upon  a  sample  ignited  at  low  red  heat.  The  loss  in  weight  of  the 
Vexited  cement  shall  not  exceed  4%. 

Fineness.  It  shall  leave  by  weight  a  residue  of  not  more  than  8%  on  the 
Nu.  100,  and  not  more  than  25%  on  the  No.  200  sieve. 

Time  or  Setting.  It  shall  not  develop  initial  set  in  less  than  30  minutes, 
'^i*i  must  develop  hard  set  in  not  less  than  i  hour,  nor  more  than  10  hours. 

Tlnsile  Strength.  The  minimum  requirements  for  tensile  strength  for 
j-iquettcs  i  sq  in  in  cross-section  shall  be  as  follows,  and  the  cement  shall  show 
j:>  retrogression  in  strength  within  the  periods  specified: 

Neat  Cement 
Age  Length 

24  hours  in  moist  air 175  lb  per  sq  in 

7  days  (1  day  in  moist  air,  6  days  in  water) 500  lb  per  sq  in 

28  days  (i  day  in  moist  air,  27  days  in  water) 600  lb  per  sq  in 

One  Part  Cement,  Three  Parts  Standard  Ottawa  Sand 

7  da>'s  (i  day  in  moist  air,  6  days  in  water) 200  lb  per  sq  in 

28  days  (x  day  in  moist  air,  27  days  in  water) 275  lb  per  sq  in 

Constancy  op  Volume.  Pats  of  neat  cement  about  3  in  in  diameter,  H  in 
'J-,  thickness  at  the  center,  and  tapering  to  a  thin  edge,  shall  be  kept  in  moist 
Jr  for  a  period  of  24  hours. 

'1 )  A  pat  is  then  kept  in  air  at  normal  tefnperature  and  observed  at  intervals 
1.  r  at  least  28  days. 

f^)  Another  pat  is  kept  in  water  maintained  as  near  70*  F.  as  practicable,  and 
c^-sffvcd  at  intervals  for  at  least  28  days. 

13)  A  third  pat  is  exposed  in  any  convenient  way  in  an  atmosphere  of  steam, 
a'love  boiling  water,  in  a  loosely  closed  vessel  for  s  hours. 

These  pats,  to  satisfactorily  pass  the  requirements,  shall  remain  firm  and  hard 
aod  show  no  signs  of  distortion,  checking,  cracking,  or  disintegrating. 

Sulphuric  Acid  and  Magnesia.  The  cement  shall  not  contain  more  than 
x.75^  of  anhydrous  sulphuric  add  (S0«),  nor  more  than  4%  of  magnesia  (MgO). 

Pnzzolan  or  Slag  Cements  are  not  used  extensively  and  never  in  important 
work.  Their  manufacture  and  properties  may  be  briefly  described  as  follows: 
BbL«t-faniace  basic  slag  is  granulated  by  running  it  in  a  molten  condition  into 
water.  This  accomplishes  two  objects.  The  slag  is  broken  up  into  fine  particles 
aad  the  sudden  chilling  enhances  its  hydraulic  properties.  These  particles 
are  dried  and  ground  with  hydrated  lime,  in  the  proportion  of  from  15  to  25% 
cf  hydrated  lime  and  from  75  to  85%  of  granulated  slag.  Such  cement,  known 
as  SLAG  cement,  is  abw-setting  and  slow-hardening,  and  does  not  develop  as 

•  From  the  Standard  Specifications  for  Cement  adopted  August  16. 1909,  by  the  Amer- 
iar  Society  for  Testing  Materiab.  See,  also,  Chapter  XXIV,  jjage  912,  where,  in  a 
byA-wAx,  reference  ia  made  to  a  Report  of  a  Joint  Conference,  published  April  aS* 
1915,  noonuneadii«  cbaages  in  the  ttaadazd  8p6dficatk>iii  for  cement. 
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much  strength  as  natural  or  Portland  cement.  Slag  cements  axe  characterized 
by  their  light  lilac  color,  their  extreme  fineness  and  their  low  specific  gravity. 
They  are  considered  unreliable  for  use  except  for  foundation-work  under  ground 
where  they  are  not  exposed  to  air  or  running  water. 

Stainless  Cements.  Any  ordinary  Portland  or  natural  cement  will  stain 
limestones,  some  porous  marbles,  some  granites  and  some  other  light-colorcxl 
stones.  The  best  non-staining  material  is  lime,  that  is,  lim6  free  from  excess  of 
iron  oxide.  There  are  some  Portland  cements,  however,  which  are  called  kok- 
STAINING  CEMENTS,  and  where  care  is  used  in  their  manufacture  and  they  are 
free  or  comparatively  free  from  iron  oxide,  they  cause  no  trouble.  Amons 
the  non-staining  cements  which  have  been  extensively  used  for  masonry  on 
which  staining  would  be  objectionable,  is 'La  Farge  Cement,  before  mentioned. 
It  is  made  at  Toil,  France,  is  light-colored  and  contains  a  small  percentage  of 
iron  and  soluble  salts.  There  are  other  non-staining  cements  on  the  market. 
For  setting  stones,  and  in  order  to  retakd  the  setting  of  the  cement  until  the 
stones  are  well  bedded,  z  part  by  volume  of  lime-paste  is  usually  mixed  with 
4  parts  of  the  cement. 

Cost  of  Portland  Cement.  Portland  cement  can  now  (1915)  be  purchased 
in  this  country  <it  prices  ranging  from  90  cents  to  $2.50  per  barrel,  free  on  board 
cars  at  the  mills.  The  cost  of  the  sacks  and  the  freight  are  extra.  The  retail 
price  for  single  barrels  varies  from  about  $2.00  to  $2.50  per  barrel.  As  a  rule, 
the  cost  of  cement  in  carload  lots  is  about  85  cts  per  bbl  at  the  mills.  An  extra. 
charge  of  10  cts  per  bbl  for  bags  is  made  when  the  cement  is  delivered  in  paper 
bags.  The  extra  charge  is  40  cts,  if  delivered  in  cloth,  but  the  mills  refund  this^ 
40  cts  when  the  bags  are  returned  in  good  condition.  There  is  a  charge  of  40 
cts  when  the  cement  is  furnished  in  wooden  barrels  and  no  allowance  is  made 
for  barrels  returned.  It  is  generally  cheaper  in  the  end  to  buy  the  cement  in 
cloth  bags  and  return  the  empty  bags.  For  about  500  miles,  the  freight- 
charges  are  about  40  cts  per  bbl  of  cement,  making  the  total  cost  per  bbl  for 
this  distance  $1 .25,  when  purchased  in  cloth  bags  and  when  the  40  cts  per  bag 
are  refunded.  Testing  costs  from  3  to  s  cts  per  bbl,  or  from  $5  to  $6  per 
carload.  Unloading  and  storing  near  the  station  cost  about  3  cts  per  bbl,  and 
about  2  cts  per  bbl  are  usually  added  to  the  costs  to  allow  for  handling  and 
returning  empty  sacks,  and  freight-charges  for  and  damage  to  same.  Teaming 
costs  about  5  cts  per  bbl  per  mile.  The  total  cost,  therefore,  according  to 
these  average  costs,  is  about  $1.38  per  bbl  for  the  cement  ready  for  use  for 
mortar  or  concrete.     (For  Cost  of  Concrete,  see  page  249.) 

Water  Required  in  Mixing  Cement  Mortar.  Good  Portland  cement 
requires  relatively  little  water  to  make  a  good  mortar.  Neat  cement  will  take 
from  20  to  22%  (by  weight)  of  water  to  produce  the  normal  consistency,  a 
quick-setting  cement  requiring  more  water  than  one  that  is  slow-setting.  If  a 
greater  quantity  of  water  is  required,  it  indicates  the  presence  of  an  excess  of 
free  lime.  When  sand  is  mixed  with  cement,  in  the  proportion  of  3  to  i,  not 
more  than  from  9  to  i2^«^%  (by  weight)  of  water  will  be  required.  Natural 
cements  and  slag  cements  require  more  water  than  do  Portland  cements.  Too 
much  water  drowns  the  cement,  retards  the  setting  and  weakens  the  mortar. 
Cements  can  also  be  weakened,  or  even  spoiled  by  a  deficiency  of  water. 

Portland-Cement  Mortar.  For  first-class  mortar  not  more  than  3  bbl  of 
sand  should  be  added  to  i  bbl  of  cement.  For  rubble  stonework  under  ordinary 
conditions  a  mortar  composed  of  4  parts  of  sand  to  i  of  cement  will  answer  every 
purpose,  and  be  much  stronger  than  lime  mortar.  For  the  top  surface  of  floors 
and  walka^  from  i  to  iH  parts  of  sand  may  be  mixed  with  i  part  of  cement. 
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I  to  3  Poitluid-cement  mortar  has  about  the  same  strength  at  the  end  of  one 
year  as  i  to  i  natural-Kxment  mortar.  Mortar  made  with  fine  sand  requires 
1  much  larger  quantity  of  cement  to  obtain  a  given  strength  than  mortar  made 
sith  cxMTse  sand. 

Effects  of  Low  Temperatures  and  Freezing  on  Cement  Mortars.    The 

rate  of  setting  and  hardening  of  cement  mortar  is  greatly  afifectcd  by  the  temper- 
^vTc,  and  the  exposure  and  loading  of  new  work  often  depends  upon  the  pre- 
riiljng  temperature.  The  freezing  of  natural-cement  mortars  shoidd  be  en- 
tirely avoided  as  it  seriously  injures  them.  Although  freezing  greatly  retards 
the  hardening  of  Portland-cement  mortars  and  concretes,  it  does  not  appear 
to  injure  them.  Thin  coats  of  mortar,  such  as  plaster,  and  troweled  surfaces 
jr  those  on  which  free  moisture  b  formed  should  not  be  applied  in  freezing 
v^^ther  as  they  are  apt  to  scale.  In  general,  it  is  undesirable  to  work  with 
tortar  or  concrete  in  freezing  weather,  as  the  diflBculties  of  properly  mixing 
a  A  placing  the  materials  are  then  increased;  it  must  be  admitted,  however, 
ibat  successful  work  with  Portland-cement  mortar  and  concrete  has  been  done 
n  temperatures  considerably  below  freezing. 

The  Effect  of  Salt  in  Mortar.  When  salt  is  added  to  the  water  of  mix- 
toe,  tbe  freezing-point  is  lowered,  and,  within  certain  limits,  the  freezing  of 
:ue  mortar  or  concrete  b  prevented.  The  ultimate  strength  of  mortar  does  not 
appear  to  be  reduced  when  the  amount  of  salt  does  not  exceed  io%.  Tetmajer 
gi\^  the  anu>ant  of  salt  required  to  lower  the  freezing-temperature  as  equal  to 
i^r  of  the  weight  of  the  water  per  degree  F.  below  3a*.  The  rule  for  the  pro- 
portion of  salt  used  in  the  works  at  Woolwich  Arsenal,  is  said  to  have  been  as 
rilows:  "  Dissolve  x  lb  of  rock-salt  in  18  gal  of  water  when  the  temperature  is 
ai  32"  F^  and  add  3  oz  of  salt  for  every  three  degrees  of  lower  temperature. " 

Effect  of  Hot  Water  and  of  Soda.  Hot  water  hastens  the  setting  of 
r.-rtland-cement  mortar,  and  2  lb  of  carbonate  of  soda  in  x  gal  of  water,  boiled 
izd  mixed  in  mortar,  hastens  the  setting  and  lessens  the  danger  of  freezing. 

Quantity  of  Mortar  required  for  Masonry  and  Plastering.*  '*One  bbl 
ii  Portland  cement  and  3  bbl  of  sand,  thoroughly  and  properly  mixed,  will 
{coke  sVi  bbU  or  12  cu  ft  of  good  strong  mortar.  This  will  be  sufficient  to  lay 
up  1V3  cu  yd  of  rough  stone,  or  about  750  bricks,  with  from  H  to  H-in  joints, 
or  cover  125  sq  ft  of  surface,  1  in  thick,  or  250  sq  ft,  H  in  thick.'* 

"'One  bbl  of  natural  cement  and  2  bbl  of  lime,  mixed  with  about  H  bbl  of 
W3.ter,  will  make  8  cu  ft  of  mortar,  sufficient  to  lay  522  common  bricks,  with 
from  H  to  H-in  joints,  or  about  i  cu  yd  of  rough  rubble. " 

For  the  top  coat  of  walks  or  floors,  i  bbl  of  Portland  cement  and  x  of  sand 
»iU  cover  from  75  to  80  sq  ft,  K'  in  thick,  or  from  50  to  56  sq  ft,  54  in  thick. 

One  bbl  of  Portland  cement  and  iH  bbl  of  sand  will  cover  from  no  to  120  sq 
ft  of  floor,  H  in  thick,  or  from  75  to  80  sq  ft,  H  in  thick. 

The  Mixing  of  Mortar.  Mortar  may  be  mixed  by  hand  or  by  mechanical 
mixers,  the  latter  being  preferable  for  the  mixing  of  large  quantities.  When 
the  mixiiig  is  by  hand,  it  should  be  done  on  platforms  made  water-tight  to  pre- 
vent tbe  loss  of  cement.  The  cement  and  sand  should  be  mixed  dry  in  small 
batches  and  in  the  proportions  required,  the  platform  being  clean.  Water  is 
axkkd  and  the  whole  mass  remixed  until  it  is  homogeneous  and  leaves  the  mixing 
hoe  dean  when  drawn  out.  Mortar  should  never  be  retempered  after  it  has 
began  to  set. 

*  TlwK  figures  can  be  considered  as  approximate  only,  as  the  amount  of  mortar  will 
vtiy  oo  dUf erent  jobs. 
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Adhedve  Strength  of  Portland  Cement,  Sulphur  and  Lead  for  Anchor- 
ing Bolts.*  '*  Fourteen  holes  were  drilled  in  a  ledge  of  solid  limestone,  seven 
of  them  being  iH  and  seven  xH  in  in  diameter,  and  all  being  sHit  deep.  Seven 
H  and  seven  i-in  bolts  were  prepared  with  thread  and  nut  on  one  end  aad  with 
the  other  end  plain  but  ragged  for  a  length  oi  sH  ft. 

"Four  were  anchored  with  sulphur,  four  with  lead  and  six  with  cement, 
mixed  neat.  Half  the  number  of  the  H-in  and  i-in  bolts  being  thus  anchored  with 
each  of  the  three  materials,  all  stood  until  the  cement  was  two  weeks  old. 
Then  a  lever  was  rigged  and  the  bolts  pulled,  with  the  following  results. 

"  Sulphur:  Three  bolts  out  of  four  developed  their  full  strength  i6  ooo  and 
31  000  lb.  One  i-in  bolt  failed  by  drawing  out,  under  12  000  lb.  Lead:  Three 
bolts  out  of  four  developed  their  full  strength,  as  above.  One  i-in  bolt 
pulled  out,  under  13  000  lb.  Cement:  Five  of  the  bolts  out  of  six  broke  with- 
out pulling  out.  One  x-in  bolt  began  to  yield  in  the  cement  at  26  000  lb,  but 
sustained  the  load  a  few  seconds  before  it  broke. 

"While  this  experiment  demonstrated  the  superiority  of  cement,  both  as  to 
strength  and  ease  of  application,  it  did  not  give  the  strength  per  square  inch  of 
area.  To  determine  this,  four  specimens  of  limestone  were  prepared,  each 
xo  in  wide,  18  in  long  and  12  in  thick,  two  of  them  having  i94-in  holes,  and  two 
of  them  3H-in  holes  drilled  in  them.  Into  the  small  holes  x-in  bolts  were 
cemented,  one  of  them  being  perfectly  plain  round  iron,  and  the  other  having  a 
thread  cut  on  the  portion  which  was  embedded  in  the  cement.  Into  the  2H-m 
holes  were  cemented  2 -in  bolts  similarly  treated,  and  the  four  specimens  were 
allowed  to  stand  13  days  before  completing  the  experiment.  At  the  eod  of  this 
time  they  were  put  into  a  standard  testing-machine  and  pulled.  The  plain  i-in 
bolt  began  to  yield  at  20000  lb  and  the  threaded  one  at  21  000  lb.  The  2-in 
plain  bolt  began  to  yield  at  34  000  lb  and  the  threaded  one  at  33  000  lb,  the 
force  in  all  cases  being  very  slowly  applied.  The  pump  was  then  run  at  a  greater 
speed,  and  the  stones  holding  the  2-in  bolts  split  at  67  000  lb  in  the  case  of  the 
smooth  one  and  at  50  000  lb  in  the  case  of  the  threaded  one. 

"It  is  thus  seen  that  for  anchoring  bolts  in  stone,  cement  is  more  reliable, 
stronger  and  easier  of  application  than  either  lead  or  sulphur,  and  that  its  re- 
sistance is  from  400  to  500  lb  per  sq  in  of  surface  exposed.  It  is  also  a  well- 
ascertained  fact  that  it  preserves  iron  rather  than  corrodes  it.  The  cement 
used  throughout  the  experiment  was  an  English  Portland  cement." 

i.  Concrete  t 

Properties  and  Uses  of  Concrete.!  There  is  probably  no  material  that  is 
so  enduring  or  better  adapted  for  foundations,  walks  and  basement  floors,  etc., 
than  cement  concrete,  and  for  certain  classes  of  buildings  it  is  used  with  ad- 
vantage for  the  walls,  floors  and  interior  supports.  There  are  now  thousands  of 
buildings  in  this  and  other  countries  in  which  all  of  the  structural  portions  are 
formed  of  reinforced  concrete,  and  the  use  of  Portland-cement  concrete  for  a 

*  The  test  of  these  materials  is  reported  in  the  American  Architect,  page  xos,  vol. 
xxiv. 

t  The  subject  of  concrete  in  ganeral,  including  plain  or  ma.^-concrete  and  reinforced 
concrete,  is  to-day  so  important,  and  the  available  data  so  vast  in  amount  that  only  those 
brief  statements  of  general  principles  and  of  the  best  engineering  practice  that  are  the  most 
important  for  the  architect  and  builder  to  know  can  be  included  In  a  handbook  of  this 
kind.  For  full  treatments  of  the  subject,  the  readers  are  referred  to  the  numcroos  recent 
treatises,  tests.  proccc<lings  of  engineering  societies,  etc. 

t  For  reinforce*!  Concrete,  sec  Chapter  XXIV;  for  Concrete  Foundations,  Chapter  II; 
for  Reioloroed-CoiKTete  Factory  Coaatruction,  Chapter  XXV;  and  for  Stxcagth  oC  Con- 
crete, Chapter  V.    Sec,  also,  Chapter  XXII I,  pages  8x7  and  844. 
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cRsl  ▼Biiety  of  pfurpoaes  b  rapidly  extending,  due  to  the  reduced  price  of 
t'ortland  cement,  and  to  m  better  appreciation  and  understanding  of  its  proper- 
*JK  aod  merits.  Concrete  may  be  defined  as  an  artificial  stone,  made  by 
^liting  Gement,  water  and  what  is  called  an  aggregate,  consisting  of  small  and  ' 
.at^  paitides  of  sand  or  screenings  and  gravel  or  broken  stone;  and  when 
^de  with  good  Pbrtland  cement,  in  proper  proportions,  it  becomes  so  hard 
^-'d  strong  that  when  pieces  of  it  are  broken,  the  line  of  fracture  often  passes 
irjT^ugh  the  particles  of  stone,  showing  that  the  adhesion  of  the  cement  to  the 
^.t»^e  b  greater  than  the  cohesive  strength  of  the  stone  itself. 

The  Aggresates.*  "Extreme  care  should  be  exercised  in  selecting  the  aggre- 
n'^es  for  mortar  and  concrete,  and  careful  tests  made  of  the  materials  for  the 
:<jTpoae  of  determming  their  qualities  and  the  grading  necessary  to  secure 
!Mi3mam  density  or  a  minimum  percentage  of  voids.  A  convenient  coefficient 
f  density  is  the  ratio  of  the  sum  of  the  volumes  of  materials  contained  in  a 
r  *  voltmae  to  the  total  unit  volume.     (See,  also,  page  914.) 

"  Kt)  Fine  Aggregatea  should  consist  of  sand,  crushed  stone,  or  gravel  screen- 
-r<,  graded  from  fiine  to  coarse  and  passing  when  dry  a  screen  having  H-in  diam 
'■^<;  it  preferably  should  be  of  siliceous  material,  and  should  be  clean,  coarse, 
hr:  from  dust,  soft  particles,  vegetable  loam  or  other  deleterious  matter,  and 
::!  mote  than  6%  should  pass  a  sieve  having  100  meshes  per  lin  in.  Fine  aggre- 
ntes  should  always  be  tested.  Fine  aggregates  should  be  of  such  quality 
:.j.t  mortar  composed  of  one  part  Portland  cement  and  three  parts  fine  aggre- 
pte  by  weight  when  made  into  briquettes  will  show  a  tensile  strength  at  least 
i^,  al  to  the  strength  of  x  :  3  mortar  of  the  same  consistency  made  with  the 
vjiie  cement  and  standard  Ottawa  sand.  This  is  a  natural  sand  obtained  at 
tuwa,  m.,  passing  a  screen  having  20  meshes  and  retained  on  a  screen  having 
o  meshes  per  lin  in.  It  is  prepared  and  furnished  by  the  Ottawa  Silica  Com- 
~siny.  for  3  cts  per  lb,  free  on  board  cars,  at  Ottawa,  111.,  under  the  direction  of 
:  •«•  Special  Committee  on  Uniform  Tests  of  Cement  of  the  American  Society 
4  Civ-il  Engineers.  If  the  aggregate  be  of  poorer  quality  the  proportion  of 
>9ncnt  should  be  increased  in  the.  mortar  to  secure  the  desired  strength.  If 
'ix  ^rength  developed  by  the  aggregate  in  the  1  : 3  mortar  is  less  than  70%  of 
1/  strength  of  the  Ottawa-sand  mortar,  the  material  should  be  rejected.  To 
^'oid  the  removal  of  any  coating  on  the  grains,  which  may  affect  the  strength, 
.aik  sands  should  not  be  dried  before  being  made  into  mortar,  but  should  con- 
Lain  natural  moisture.  The  percentage  of  moisture  may  be  determined  upon  a 
^TKirate  sample  for  correcting  weight.  From  10  to  40%  more  water  may  be 
:.i:ijired  in  mixing  bank  or  artificial  sands  than  for  standard  Ottawa  sand  to 
pr>«luce  the  same  consbtency. 

"  (3)  Coarae  Aggresatea  shoukl  consbt  of  crushed  stone  or  gravel  which  is 
retained  on  a  screen  having  H-in  diam  holes  and  graded  from  the  smallest  to 
th?  higest  particles;  they  should  be  clean,  hard,  durable  and  free  from  all 
deleterious  matter.  Aggregates  containing  dust  and  soft,  flat  or  elongated 
(jartides  shoukl  be  excluded  from  important  structures." 

.\ny  kind  of  stone  b  suitable  for  the  coarse  aggregate  which  has  such  strength 
N-ut  the  strength  of  the  concrete  b  not  limited  by  the  strength  of  the  stone, 
drcat  strength  b  of  little  advantage  beyond  thb  minimum.  The  stones  gener- 
al)' empkyyed  are  granites,  traps  and  limestones.    Shales  and  sandstones  of 

*  Most  of  the  matter  of  thb  paragraph,  and  of  following  paragraphs  relating  to  concrete, 
cxtscU  of  data  and  conclusioiis  formulated  by  the  joint  committees  of  the  Am.  Soc.  C.  £., 
\m.  Soc.  for  Test.  Mats.,  Am.  Ry.  Eog.  and  Maint.  of  Way  Asso.,  and  Asso.  of  Am. 
pQctkad  CemcDt  Manfaa.  la  regard  to  Aggregates,  etc.,  lee,  also,  the  same  subjects  in 
ChaiMcr  XXIV,  pages  9x3  and  9M*  *od  foot-notes  on  page  913  in  that  chapter. . 
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deficient  strength  should  be  tested  before  use.  Screened  gravel  generally  make^ 
a  good  coarse  aggregate.  *' The  maximum  size  of  the  coarse  aggregate  is  govemecj 
by  the  character  of  the  construction.  For  reinforced  concrete  and  for  smal] 
masses  of  unreinforced  concrete,  the  aggregate  must  be  small  enough  to  produce 
with  the  mortar  a  homogeneous  concrete  of  viscous  consistency  which  will  pa5%^ 
readily  between  and  easily  surround  the  reinforcement  and  fiU  all  parts  of  th<3 
forms.  For  concrete  in  large  masses  the  size  of  the  coarse  aggregate  may  he 
increased,  as  a  large  aggregate  produces  a  stronger  concrete  than  a  fine  one, 
although  it  should  be  noted  that  the  danger  of  separation  from  the  mortax- 
becomes  greater  as  the  size  of  the  coarse  aggregate  increases." 

The  use  to  be  made  of  the  concrete  determines  the  maximum  size  of  the  coarse- 
aggregate.  When  used  in  mass-concrete  construction,  such  as  heavy  walls, 
the  maximum  size  may  run  up  to  2Hi  and  3  in  with  good  results.  For  rdnforced 
work  and  tiiin  walls,  however,  it  is  necessary  to  reduce  the  maximum  size  to  i 
in  or  less.  It  has  been  found  that  the  following  are  the  maximum  sizes  for  the 
coarse  aggregate  of  plain  or  mass-concrete  in  the  best  practice:  for  foundations, 
3!^  in;  for  abutments,  2  in;  for  arch-rings,  xH  in;  and  for  copings,  thin  walls, 
etc.,  I  in. 

"Cinder  concrete  should  not  be  used  for  reinforced-concrete  structures.  It 
may  be  allowable  in  mass  for  very  light  loads  or  for  fire-protection  purposes. 
The  cinders  used  should  be  composed  of  hard,  clean,  vitreous  clinkers,  free  from 
sidphides,  unbumed  coal,  or  ashes.     (See,  also,  page  914.) 

"Water  for  Mixing  Concrete.  The  water  used  in  mixing  concrete  should 
be  free  from  oil,  acid,  alkalies,  or  organic  matter." 

Preparing  and  Placing  Mortar  and  Concrete.  **  (i)  Proportiotts.*  The 
materials  to  be  used  in  concrete  should  be  carefully  selected,  of  uniform  quality, 
and  proportioned  with  a  view  to  securing  as  nearly  as  possible  a  maximum 
density. 

"(a)  Unit  of  Measure.  The  unit  of  measure  should  be  the  cubic  foot.  A 
bag  of  cement,  containing  94  lb,  net,  should  be  considered  the  equivalent  of  i 
cu  ft.  The  measurement  of  the  fine  and  coarse  aggregates  should  be  by  loose 
volume. 

"(b)  Relation  of  Fine  and  Coarse  Aggregates.  The  fine  and  coarse  aggre- 
gates should  be  used  in  such  relative  proportions  as  wiU  insure  maximum  den- 
sity. In  unimportant  work  it  is  sufTicicnt  to  do  this  by  individual  judgment, 
using  correspondingly  higher  proportions  of  cement;  for  important  work  these 
proportions  should  be  carefully  determined  by  density-experiments  and  the 
sizing  of  the  fine  and  coarse  aggregates  should  be  uniformly  maintained  or  the 
proportions  changed  to  meet  the  var>nng  sizes. 

"(c)  Relation  of  Cement  and  Aggregates.  For  reinforced-concrete  con- 
struction, one  part  of  cement  to  a  total  of  six  parts  of  fine  and  coarse  aggre- 
gates, measured  separately,  should  generally  be  used.  For  colunms,  richer 
mixtures  arc  generally  prderable,  and  in  massive  masonry  or  rubble  concrete 
a  mixture  of  i  :  9  or  even  1:12  may  be  used.  These  proportions  shoukl  be 
determined  by  the  strength  or  the  wearing-qualities  required  in  the  construc- 
tion at  the  critical  period  of  its  use.  Experienced  judgment  based  on  individual 
observation  and  tests  of  similar  conditions  in  similar  localities  is  an  excellent 
guide  as  to  the  proper  proportions  for  any  particular  case.  For  all  important 
construction,  advance  tests  should  be  made  of  concrete,  of  the  materials,  pro- 
portions and  consistency  to  be  used  in  the  work.  These  tests  should  be  made 
under  laboratory  conditions  to  obtain  uniformity  in  mixing,  proportioning  and 

*  See,  also,  in  Chapter  XXIV,  paraffraphs  relating  to  these  subjects  00  page  915, 
d  foot-note  relating  to  the  same,  on  page  913  of  that  chapter. 
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Socage;  and  in  case  the  results  do  not  conform  to  the  requirements  of  the  work, 
tSPKg^tes  of  a  better  quality  should  be  chosen  or  richer  proportions  used  to 
clitun  the  desired  results. " 

Professor  Tumeaure  of  the  University  of  Wisconsin  gives  the  following  as 
*>£  proportions  ol  cement,  sand  and  coarse  aggregate  generally  used  for  various 
d&99esol  work: 

For  reinforced  columns  and  structural  parts 

reqoirins  extra  strength from  i:  i  :  3  to  i  :  iH  :  3 

For  buildings,  thin  walls,  reinforced  concrete, 

tanks  and  impervious  construction. . , from  i  :  2  : 4  to  i  :  3H  :  4H 

For  structures  requiring  great  strength  rather 

than  mass from  i  :  2H  :  5  to  i  :  3  :  6 

For   structures    requiring    mass    rather    than 

strength,  foundations,  etc from  i  :  3  : 6  to  1  :  4  :  8 

"(a)  Mlzlnc  ConcreCe.  The  ingredients  of  concrete  should  be  thoroughly 
r&ied  and  the  mixing  should  continue  until  the  cement  is  uniformly  distributed 
Afid  the  mass  is  uniform  in  color  and  homogeneous.  As  the  maximum  density 
«jd  greatest  strength  of  a  given  mixture  depend  largely  on  thorough  and  com- 
:  Lte  mixing,  it  b  essential  that  the  work  of  mixing  should  receive  special  atten> 
'  a.  and  care.  Inasmuch  as  it  is  difficult  to  determine,  by  visual  inspection, 
blether  the  concrete  is  uniformly  mixed,  especially  where  limestone  or  aggre- 
ates  having  the  color  of  cement  are  used,  it  is  essential  that  the  mixing  should 
v.jpy  a  definite  period  of  time.  The  minimum  time  will  depend  on  whether 
I'e  mixing  is  done  by  machine  or  hand. 

".'a)  Measuring  Ingredients.  Methods  of  measurement  of  the  proportions 
c:  the  various  ingredients  should  be  used  which  will  secure  separate  and  uni- 
f  :m  measurements  of  cement,  fine  aggregate,  coarse  aggregate  and  water  at 
i:  times. 

"(b)  Machine-Mixing.  When  the  conditions  will  permit,  a  machine-mixer 
• '  a  type  which  insures  the  uniform  proportioning  of  the  materials  throughout 
'.-^:  mass  should  be  used,  as  a  more  uniform  consistency  can  be  thus  obtained. 
i  he  mixing  should  continue  for  a  minimum  time  of  at  least  one  minute  after 
>X  the  ingredients  are  assembled  in  the  mixer. 

"  ,c)  Hand-Mixing.  Wlien  it  is  necessary  to  mix  by  hand,  the  mixing  should 
>  on  a  water-tight  platform  and  especial  precautions  should  be  taken  to  turn 
4..  the  ingredients  together  at  least  six  times  and  until  they  are  homogeneous  in 
j^ipearance  and  color." 

llie  most  satisfactory  method  *  of  mixing  concrete  by  hand  is  to  first  prepare 
f.>r  the  mixing  of  the  materials,  a  tight  floor  of  planks,  or,  better  still,  of  sheet 
L'on  with  the  edges  turned  up  about  2  in.  Upon  this  platform  should  first  be 
spread  the  sand,  and  upon  this  the  cement.  The  two  should  then  be  thoroughly 
^nd  immediately  mixed  by  means  of  shovels  or  hoes  until  of  an  even  color. 
Enciugh  water  should  be  added  to  make  a  thin  mortar  which  is  then  spread 
imn~  The  gravel,  if  used,  should  then  be  added,  and  then  the  broken  stone. 
(jTzvd  and  .stone  should  be  first  thoroughly  wet,  if  originally  dry.  The  mass 
sbudd  be  tinmed  imtil  aU  the  ingredients  are  thoroughly  incorporated  and  all 
the  stone  and  gravel  covered  with  mortar,  this  requiring  from  four  to  six  turn- 
ings. 

*"  (d)  Consistency.  The  materiab  should  be  mixed  wet  enough  to  result  in  a 
concrete  of  such  a  consistency  that  it  will  flow  into  the  forms  and  about  the  metal 
rdnfofoement  when  used,  and  which,  at  the  same  time,  can  be  conveyed  from 

*  This  paragraph  is  condensed  from  tevend  recent  specificatfam. 
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the  mixer  to  the  forms  without  separation  of  the  coarse  aggregate  from  the 
mortar. 

"(e)  Retempering.    Mortar  or  concrete  should  not  be  remixed  with  'water 
after  it  has  partly  set. " 

(3)  Pladng  Concrete,  "(a)  Methods.  Concrete  after  the  completion  of 
the  mixing  should  be  handled  rapidly,  and  in  as  small  masses  as  is  practicable. 
from  the  place  of  mixing  to  the  place  of  final  deposit,  and  under  no  circum- 
stances should  concrete  be  used  that  has  partly  set.  A  slow-setting  cement 
should  be  used  when  a  long  time  is  likely  to  occur  between  mixing  and  placing. 
Concrete  should  be  deposited  in  such  a  manner  as  will  permit  the  most  thoroucrh 
compacting,  such  as  can  be  obtained  by  working  with  a  straight  shovel  or  slicinj? 
tool  kept  moving  up  and  down  until  all  the  ingredients  have  settled  in  their 
proper  places  by  gravity  and  the  surplus  water  has  been  forced  to  the  surface. 
Special  care  should  be  exercised  to  prevent  the  formation  of  laitance,*  which 
hardens  very  slowly  and  forms  a  poor  surface  on  which  to  deposit  fresh  concrete. 
All  LAiTANCE  should  be  removed.  When  suspended  work  is  resumed,  con- 
crete previously  placed  should  be  roughened,  thoroughly  cleansed  of  fordgn 
material  and  laitance,  thoroughly  wetted  and  then  slushed  with  a  mortar  con- 
sisting of  one  part  Portland  cement  and  not  more  than  two  parts  fine  aggregate. 
The  faces  of  concrete  exposed  to  premature  drying  should  be  kept  wet  for  a 
period  of  at  least  seven  days." 

"(b)  Mixing  and  Depositing  Concrete  in  Freezing  Weather.  Concrete 
should  not  be  mixed  or  deposited  at  a  freezing  temperature,  unless  special  pre- 
cautions  are  taken  to  avoid  the  use  of  materials  covered  with  ice-crystals  or 
containing  frost,  and  to  provide  means  to  prevent  the  concrete  from  freezing; 
after  being  placed  in  position  and  until  it  has  thoroughly  hardened.  As  the 
coarse  aggregate  forms  the  greater  portion  of  the  concrete,  it  is  particularly 
imijortant  that  this  material  be  heated  to  well  above  the  freezing-point. 

"(c)  Rubble  Concrete.  Where  the  concrete  is  to  be  deposited  in  massive 
work,  its  value  may  be  improved  and  its  cost  materially  reduced  by  the  use  of 
clean  stones  thoroughly  embedded  in  the  concrete  and  as  near  together  as  is 
possible  while  still  entirely  surrounded  by  concrete. 

"(d)  Depositing  Concrete  Under  Water.  In  placing  concrete  underwater  it 
is  essential  to  maintain  still  water  at  the  place  of  deposit.  The  use  of  T»EMiEs,t 
properly  designed  and  operated,  is  a  satisfactory  method  of  placing  concrete 
through  water.  The  concrete  should  be  mixed  very  wet  (more  so  than  is  or- 
dinarily permissible)  so  that  it  will  flow  readily  through  the  tremics  and  into 
the  places  with  {)ractically  a  level  surface.  The  coarse  aggregate  should  be 
smaller  than  ordinarily  used,  and  never  more  than  i  in  in  diameter.  The  use  of 
gravel  facilitates  mixing  and  assists  the  flow  of  concrete  through  the  tremies. 
The  mouth  of  the  tremie  should  be  buried  in  the  concrete  so  that  it  is  at  all 
times  entirely  sealed  and  the  surrounding  water  prevented  from  forcing  itself 
into  the  tremie;  the  concrete  will  then  discharge  without  coming  in  contact 
with  the  water.  The  tremie  should  be  suspended  so  that  it  can  be  lowered 
quickly  when  it  is  necessary  either  to  choke  off  or  prevent  a  too  rapid  flow;  the 

*  Laitance  is  a  whitish,  gelatinous  substance  of  about  the  same  composition  as  cement 
hut  with  little  tendency  to  harden.  It  accompanies  a  disintegration  of  some  of  the 
cement  from  the  surface  of  concrete  which  is  exposed  to  the  action  of  water  in  which  it 
is  deposited.  The  concrete  is  thus  weakened  and  the  laitance,  also,  weakens  the  bond 
between  old  and  new  material  and  should  be  removed  before  fresh  concrete  is  placed. 

t  A  tiemie  is  a  round  or  square  box  or  tube  of  wood  or  {date  iron  open  at  the  top  and, 
bottom.  The  diameter  varies  from  12  to  24  in.  The  tremie  rests  in  the  deposited  con» 
Crete,  extends  above  the  water-level  and  is  kept  full  of  concrete,  which  escapes  at  the 
bottom  as  the  tube  is  shifted  over  the  aurlsce. 
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ktcnl  flow  should  preferably  be  not  over  15  ft.  The  flow  should  be  continuous 
b  order  to  fsioduce  a  monolithic  mass  and  to  prevent  the  formation  of  laitance 
a  the  interior.  In  lazKe  structures  it  may  be  necessary  to  divide  the  mass  of 
j~ri3ete  into  several  small  compartments  or  units,  filling  one  at  a  time.  With 
r^^cr  care  it  is  possible  in  this  manner  to  obtain  as  good  results  under  water  as 
.  ibcair." 

Fonns  lor  Concrete.  "Forms  should  be  substantial  and  unyielding,  so  that 
-r  concrete  will  conform  to  the  designed  dimensions  and  contours,  and  should 
-^  UE;ht  in  order  to  prevent  the  leakage  of  mortar.    The  time  for  removal  of  forms 

uce  of  the  most  important  considerations  in  the  erection  of  a  structure  of  con- 

-rfe  or  rcanforred  concrete.     Care  should  be  taken  to  inspect  the  concrete  and 

.-  ^rt.un  its  hardne^  before  removing  the  forms.    So  many  conditions  affect 

haidexung  of  concrete,  that  the  proper  time  for  the  removal  of  the  forms 

^jkl  be  decided  by  some  competent  and  responsible  person,  especially  where 

le  atmospheric  conditions  are  unfavorable.  It  may  be  stated,  in  a  general 
i3y.  that  forms  should  remain  in  place  longer  for  reinforced  concrete  than  for 
\Jn  or  massive  concrete,  and  that  the  forms  for  floors,  beams  and  similar  hori- 
:.-Lil  structures  should  remain  in  place  much  longer  than  for  vertical  walls, 
■laea  the  concrete  gives  a  distinctive  ring  under  the  blow  of  a  hammer,  it  is 
•neraJly  an  indication  that  it  has  hardened  sufficiently  to  permit  the  removal 
•r  ihc  forms  with  safety.  If,  however,  the  tempoature  is  such  that  there  is 
L-y  poosibiHty  that  the  concrete  is  frozen,  this  test  is  not  a  safe  reliance,  as 

-u>zt:n  concrete  may  appear  to  be  very  hard." 

SbrinkAge  of  Concrete  and  Temperature-Changes.  "Shrinkage  of  con- 
-le,  due  to  hardening  and  contraction  from  temperature-changes,  causes 
'j±s,  the  size  of  which  depends  on  the  extent  of  the  mass.  The  resulting 
rrsaes  are  important  in  monolitluc  construction  and  should  be  considered  care- 
■y  by  the  designer;  they  cannot  be  counteracted  successfully,  but  the  effects 
'  '.2.  be  minimized.  Large  cracks  produced  by  quick  hardening  or  wide  ranges 
■t  tl^mpe^ature  can  be  broken  up  to  some  extent  into  small  cracks  by  placing 
-  nforcement  in  the  concrete;  in  long  continuous  lengths  of  concrete,  it  is 
•--ler  to  provide  shrinkage- joints  at  points  in  the  structure  where  they  will  do 
~r.!c  or  no  harm.  Reinforcement  is  of  assistance  and  permits  longer  distances 
•ctireen  shrinkage- joints  than  when  no  reinforcement  is  used.  Small  masses  or 
:  D  bodies  of  concrete  should  not  be  joined  to  larger  or  thicker  masses  without 
HTrviding  for  shrinkage  at  such  points.  Fillets  similar  to  those  used  in  metal 
'stings,  but  of  latter  dimensions,  for  gradually  reducing  from  the  thicker  to 
t!^  thinner  body,  are  of  advantage.  Shrinkage-cracks  are  likely  to  occur  at 
i*  nts  where  fresh  concrete  is  joined  to  that  which  is  set,  and  hence  in  placing 
fir  coocrete.  construction-joints  should  be  made  on  horizontal  and  vertical 
1  tes,  and,  if  possible,  at  points  where  joints  would  naturally  occur  in  dimen- 
«-3-stooe  masonry." 

Effect  of  Heat  on  Concrete  Fireprooflng.*  "The  actual  fire-tests  of 
'.--•naete  and  reinforced  concrete  have  been  limited,  but  experience,  together 
«iih  the  results  of  tests  thus  far  made,  indicates  that  concrete,  on  account  of 
ib  low  rate  of  heat-conductivity  and  the  fact  that  it  is  incombustible,  may  be 
'i*d  safdy  for  fireproofing  purposes.  The  dehydration  of  concrete  probably 
t^fiiB  at  about  500"  F.  and  is  completed  at  about  900"  F.;  but  experience  indi- 
•  atesthat  the  volatilization  of  the  water  absorbs  heat  from  the  surrounding  mass, 
wtich,  together  with  the  resistance  of  the  air-cells,  tends  to  increase  the  heat- 
rcsfetaoce  of  the  concrete,  so  that  the  process  of  dehydration  is  very  much  re- 

•  See,  abo,  Chapter  XXIU,  pages  8x7  and  8x8. 
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tarded.  The  concrete  that  is  actually  affected  by  fire  remains  in  position  and 
affords  protection  to  the  concrete  beneath  it.  The  thickness  of  the  protective 
coating  required  depends  on  the  probable  duration  of  a  fire  which  is  likely  to 
occur  in  the  structure  and  should  be  based  on  the  rate  of  heat>conductivity. 
The  question  of  the  conductivity  of  concrete  is  one  which  requires  further  study 
and  investigation  before  a  definite  rate  for  different  classes  of  concrete  can  be 
fully  established.  However,  for  ordinary  conditions  it  is  recommended  that 
the  metal  in  girders  and  columns  be  protected  by  a  minimum  of  2  in  of  con- 
crete; that  the  metal  in  beams  be  protected  by  a  minimum  of  i}i  in  of  concrete, 
and  the  metal  in  floor-slabs  be  protected  by  a  minimum  of  i  in  of  concrete. 
It  is  recommended  that  in  monolithic  concrete  columns,  the  concrete  to  a  depth 
of  I H  in  be  considered  as  protective  covering  and  not  included  in  the  effective 
section.  It  is  recommended  that  the  comers  of  columns,  girders  and  beams  be 
beveled  or  rounded,  as  a  sharp  comer  is  more  seriously  affected  by  fire  than  a 
round  one. " 

Waterproofing  Concrete.  ''Many  expedients  have  been  used  to  render 
concrete  impervious  to  water  under  normal  conditions,  and  also  under  pressure- 
conditions  that  exist  in  reservoirs,  dams  and  conduits  of  various  kinds.  Expe- 
rience shows,  however,  that  where  mortar  or  concrete  is  proportioned  to  obtain 
the  greatest  practicable  density  and  is  mixed  to  a  rather  wet  consistency,  the 
resulting  mortar  or  concrete  is  impervious  under  moderate  pressure.  A  con- 
crete of  dry  consistency  is  more  or  less  pervious  to  water,  and  compounds  of 
various  kinds  have  been  mixed  with  the  concrete,  or  applied  as  a  wash  to  the 
surface  for  the  purpose  of  making  it  water-tight.  Many  of  these  compounds 
are  of  but  temporary  value,  and  in  time  lose  their  power  of  imparting  imperme- 
ability to  the  concrete.  In  the  case  of  subways,  long  retaining-walls  and  reser- 
voirs, pro\nded  the  concrete  itself  is  impervious,  cracks  nwy  be  so  reduced  by 
horizontal  and  vertical  reinforcement  properly  proportioned  and  located,  that 
they  are  too  minute  to  permit  leakage  or  are  soon  closed  by  infiltration  of  silt. 
Coal-tar  preparations  applied  either  as  a  mastic  or  as  a  coating  on  felt  or  cloth- 
fabric  are  used  for  waterproofing,  and  should  be  proof  against  injury  by  liquids 
or  gases.  For  retaining-walls  and  similar  walls  in  direct  contact  with  the 
earth,  the  application  of  one  or  two  coatings  of  hot  coal-tar  pitch  to  the  thor- 
oughly dried  surface  of  concrete  is  an  efficient  method  of  preventing  the  pene- 
tration of  moisture  from  the  earth. "  (See,  also,  Waterproofing  for  Founda- 
tions, Part  III,  pages  1639  to  1637.) 

Surface-Finish  of  Concrete.  **  Concrete  is  a  material  of  an  individual  type 
and  should  not  be  used  in  imitation  of  other  structural  materiak.  One  of  the 
important  problems  connected  with  its  use  is  the  character  of  the  finish  of 
exposed  surfaces.  The  finish  of  the  surface  should  be  determined  before  the 
concrete  is  placed,  and  the  work  conducted  so  as  to  make  possible  the  finish 
desired.  For  many  forms  of  construction  the  natural  surface  of  the  concrete 
is  unobjectionable;  but  frequently  the  marks  of  the  boards  and  the  flat,  dead 
surface  are  displeasing,  thus  making  some  special  treatment  desirable.  A 
treatment  of  the  surface  either  by  scrubbing  it  while  green  or  by  tooling  it  after 
it  is  hard,  which  removes  the  fihn  of  mortar  and  brings  the  aggregates  of  the 
concrete  into  relief,  is  frequently  used  to  remove  the  form-markings,  break  the 
monotonous  appearance  of  the  surface,  and  make  it  more  pleasing.  The  plaster- 
ing of  surfaces  should  be  avoided,  for  even  if  carefully  done,  the  plaster  is  likely 
to  peel  off  under  the  action  of  frost  or  temperatuie-changes. " 

Design  of  Massive  Concrete.  "In  the  design  of  massive  or  plain  concrete, 
no  account  should  be  taken  of  the  tensile  strength  of  the  material,  and  sections 
shouki  usually  be  proportioned,  so  as  to  avoid  tensile  stresses,  excq;>t  in  slight 
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amounts,  to  resist  indirect  stresses.  This  will  generally  be  accomplished,  in 
the  case  of  rectangular  shapes,  if  the  line  of  pressure  is  kept  within  the  middle 
third  of  the  section*  but  in  very  large  structures,  such  as  high  masonry  dams,  a 
niore  exact  analysb  may  be  required.  Structures  of  massive  concrete  are  able 
to  resist  unbalanced  lateral  forces  by  reason  of  their  weight;  hence  the  element 
d  weight  rather  than  strength  often  determines  the  design.  A  relatively  cheap 
and  weak  concrete,  therefore,  will  often  be  suitable  for  massive  concrete  struc- 
Mres.  It  is  desirable  generally  to  provide  joints  at  intervals  to  localize  the 
esect  of  contractioa.  Massive  concrete  is  suitable  for  dams,  retaining-walls, 
aad  piers  and  short  columns  in  which  the  ratio  of  length  to  least  width  is  rela- 
m-dy  small.  Under  ordinary  conditions  this  ratio  should  not  exceed  six.  It 
i5  also  suitable  for  arches  of  moderate  span,  where  the  conditions  as  to  founda- 
tions are  favorable." 

Qnamtities  of  Materials  Required  per  Coble  Yard  of  Concrete.*  The 
foHowing  tables  give  the  quantities  of  Portland  cement  required  to  make  i  cu  yd 
J  mortar  and  the  quantities  of  cement,  sand  and  stone  required  to  make  i  cu 
yd  of  concrete.    They  are  based  upon  formulas  deduced  by  Halbert  P.  Gillette. 


Baxrete  of  Portland  Cement  per  Cubic  Yard  of  Mortar 
Voids  in  sand,  35%,  x  bbl  of  cement  yielding  3.65  cu  ft  of  cement  paste 


sand 

I  tox 

I  to  iH 

X  toa 

I  to  2H 

I  to  3 

I  to  4 

Barrel  specified  to  be  3.5  cu  ft 
Bazrei  specified  to  be  3.8  cu  ft 

Barrel  spedficd  to  be  4.4  cu  ft 

bbl 
4  W 
4.09 
4.00 
3.81 

bbl 

3.49 
353 
3.24 
3.07 

bbl 

2.97 
3.81 
2.73 
2.57 

bbl 

2.S7 
2.45 
2.36 

2  27 

bbl 
2.28 
2.16 
2.08 

2. CO 

bbl 

1.76 
1.62 

I  54 
1.40 

Cubic  yard  of  sand  per  cu 

ytl  q£  jnttrXsiT 

0.6 

0.7 

0.8 

0.9 

I.O 

1.0 

Barrels  of  Portiand  Cement  per  Cubic  Yard  of  Mortar 
Voids  in  saiui,  45%,  i  bbl  of  cement  yielding  3.4  cu  ft  of  cement  paste 


sand 

X  toi 

itoxK» 

I  to  2 

It0  2^ 

I  to3 

"1 
I  to4 

Barrel  specified  to  be  3.5  cu  ft 
Barrel  specified  to  be  3.8  cu  ft 
Barrel  specified  to  be  4-0  cu  ft 
Barrel  specified  to  be  4.4  cu  ft 

bbl 
4.62 
4.32 
4.19 
3-94 

bbl 
3.80 
3.61 
3.46 
3.34 

bbl 

3  25 
3.10 
3.00 
2.90 

bbl 
2.84 
2.72 
2.64 
2.57 

bbl 

2.35 
2.16 
2.0s 
1.86 

bbl 

1.76 
1.62 
1.54 
1.40 

Cubic  yard  of  sand  per  cu 

0.6 

0.8 

09 

1.0 

1.0 

1.0 

**In  using  these  tables  remember  that  the  proportion  of  cement  to  sand  is 
by  volume  imd  not  by  weight.  If  the  specifications  state  that  a  barrel  of  cement 
shall  be  considered  to  hold  4  cu  ft,  for  example,  and  that  the  mortar  shall  be 

*  Qaoted.  by  permission,  from  the  Handbook  of  Cost  Data  for  Contractors  and  En- 
gbeeis,  by  Halbert  P.  Gillette,  published  by  The  Myron  C.  Clark  Publishing  Company. 
Qddgo.  HL  See  1914  revised  cditran,  pages  538  to  540.  This  handbook  conuins  com- 
plete and  voluminous  data  on  quantities,  costs,  etc.,  of  building  materials  and  operations. 
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T  part  cement  to  2  parts  sand,  then  i  bbl  of  cement  is  mixed  with  8  cu  ft  of  sand, 
regardless  of  ^rhat  is  the  actual  size  of  the  barrel,  and  regardless  of  how  much 
cement  paste  can  be  made  with  a  barrel  of  cement.  If  the  specifications  fail  to 
state  what  the  size  of  a  barrel  wiU  be,  then  the  contractor  is  left  to  guess. 

"If  the  specifications  call  for  proportions  by  weight,  assume  a  Portland  ce- 
ment barrel  to  contain  380  lb  of  cement,  and  test  the  actual  weight  of  a  cubic 
foot  of  the  sand  to  be  used.  Sand  varies  extremely  in  weight,  due  both  to  the 
variation  in  the  per  cent  of  voids,  and  to  the  variation  in  the  kind  of  minerals 
of  which  the  sand  is  composed.  A  quartz  sand  having  35%  voids  weighs  107  lb 
per  cu  ft;  but  a  quartz  sand  having  45%  voids  weighs  only  91  lb  per  cu  ft.  If 
the  weight  of  the  sand  must  be  guessed  at,  assume  zoo  lb  per  cu  ft.  If  the 
specifications  require  a  mixture  of  i  part  of  cement  to  2  parts  of  sand,  by  weight, 
we  will  have  380  lb  (or  i  bbl)  of  cement  mixed  with  2  times  380,  or  760  lb  of 
sand;  and  if  the  sand  weighs  90  lb  per  cu  ft,  We  shall  have  760  divided  by  90,  or 
8.44  cu  ft  of  sand  to  every  barrel  of  cement.  In  order  to  use  the  tables  above 
given,  we  may  specify  our  own  size  of  barrel;  let  us  say  4  cu  ft;  then,  8.44  divided 
ijy  4  gives  2.1 1  parts  of  sand  by  volume  to  i  part  of  cemenL  Without  material 
error  we  may  call  this  a  i  to  2  mortar,  and  use  the  tables,  remembering  that  our 
barrel  is  now  '  specified  to  be'  4  cu  ft.  If  we  have  a  brand  of  cement  that  yields 
3.4  cu  ft  of  paste  per  bbl  and  sand  having  45%  voids,  we  find  that  approximately 
3  bbl  of  cement  per  cu  yd  of  mortar  will  be  required. 

"It  should  be  evident  from  the  foregoing  discussions  that  no  table  can  be 
made,  and  no  rule  can  be  formulated  that  will  yield  accurate  results  unless  the 
brand  of  cement  is  tested  and  the  percentage  of  voids  in  the  sand  determined. 
This  being  so,  the  sensible  plan  is  to  use  the  tables  merely  as  a  rough  guide, 
and,  where  the  quantity  of  cement  to  be  used  is  very  large,  to  make  a  few  batches 
of  mortar,  using  the  available  brands  of  cement  and  sand  in  the  proportions 
specified.  Ten  dollars  spent  in  this  way  may  save  a  thousand,  even  on  a  com- 
paratively small  job,  by  showing  what  cement  and  sand  to  select.'* 


Ingredients  In  One  Cubic  Yard  of  Concrete  * 

Sand-voids,  40%;  stone-voids.  45*^-:  Portland-cement  barrel  yielding  3.65  cu  ft 
paste.    Barrel  specified  to  be  3.8  cu  ft 


Proportions  by  volume        '1:2:4 

1 
1:2:5:1:2:6 

1:2^^:5 

1 :2b: 6 

.:3:4| 

Barrels   cement   per  cu   yd 
concrete 

1.46 
C.41 
0  82 

1.30 
0.36 
0.90 

X.18 
033 
1.00 

1. 13 
0.40 
0.80 

1. 00 
0.3s 
0.R4 

,«     ' 

Cubic  yard  sand  per  cu  yd 
concrete 

0.53         1 

Cubic  yard  stone  per  cu  yd 
concrete 

1 
0.71 

Proportions  by  volume        I  i  :  3  :  5 


Barrels  cement   per  cu   yd  ' 
concrete 1 .  13 

Cubic  yard  sand  per  cu  yd 
concrete '     0.48 

Cubic  yard  «itonr  jier  cu  yd  ' 
concrete o  80 


1:3:6 

I  13:7 

I  ••  4  : 7 

I  :4  :8 

I  :4:y 

x.os 

0.96 

0.82 

0.77 

0.73    1 

0  44 

0.40 

0.46 

0.43 

0.41 

0.88 

0.93 

0.80 

086 

0.92 

•  This  table  is  to  be  used  where  cement  b  measured  packed  m  the  banel,  for  the 
ordiMzy  barfd  holds  3.8  cu  ft. 
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"  It  win  be  seen  that  the  above  table  can  be  condensed  into  the  following: 
'*Kala.    Add  together  the  number  of  parts  and  divide  this  sum  into  ten,  the 

.utient  will  be,  approximately,  the  number  of  barrels  of  cement  per  cubic 
:.ird. 

''Thus  f or  a  z  :  2  :  5  concrete,  the  sum  of  the  parts  is  i  plus  2  plus  5,  which  is 
v  then  10  divided  by  8  is  1.25  bbl,  which  is  approximately  equal  to  the  1.30  bbl 
rvcn  in  the  table.    Neither  this  rule  nor  this  table  is  applicable  if  a  different 

iK  of  cement-barrel  is  specified,  or  if  the  voids  in  the  sand  or  stone  differ  mate- 
'-lly  from  40%  and  45%  respectively.  There  are  such  innumerable  com- 
i  dtions  of  varying  voids,  and  varying  sizes  of  barrels,  that  the  author  does 
r  :  deem  it  worth  while  to  give  other  tables. " 


Ingredieiiti  in  One  Cubic  Yard  of  Concrete'* 
*^Bd-voida,  40*^:  stone-voids,  4$%;  Portland-Cement  barrel  yielding  3.65  cu  ft  of 
paste.    Barrel  specified  to  be  4.4  cu  ft 


Pxt)|iortiQns  by  volume 

,:,M 

1:2:5 

1:2:6 

1:2^4:5 

i:2V^:6 

I  :3  :4 

Barrels  cement  per  cu   yd 

0.42 
0.84 

X.I6 
0.38 
0.9s 

x.oo 

0.33 

1. 00 

1.07 

0.44 
0.88 

0.96 

0.40 
0.9s 

x.oB 
0.53 
0.71 

C-:bic  yard  stone  per  cu  yd 

Profx^rtions  by  volume 

1:3:5 

1:3:6 

1:3:7 

1  :4:7 

1:4:8 

1:4:9 

Parrels  cetoent  per  cu  yd 
toocrete 

0.96 
0.47 

0.78 

0.90 
0.44 

0.88 

0.82 
0.40 
0.93 

0.7s 
0.49 
0.86 

0.68 
0.44 
0.88 

0.64 
0.42 
0.95 

:  cbk  yard  sand  per  cu  yd 
■"oncrete 

Cubic  yard  stone  per  en  yd 

*  Tbis  table  is  to  be  used  when  the  cement  is  measured  loose,  after  dumping  it  into  a 
box.  {or  under  such  conditions  a  banrel  of  cement  yields  4.4  cu  ft  of  loose  cement. 

Cost  of  Concrete.  (For  Cost  of  Cement,  sec  page  238.)  The  average 
r%->t  of  sand  may  be  taken  at  30  cts  per  cu  yd  to  cover  digging  and  loading,  but 
^'len  washed  or  screened  the  cost  averages  between  40  and  55  cts  per  cu  yd. 
Hauting  and  freight-charges  generally  raise  the  cost  of  sand,  ready  to  unload  at 
the  site,  to  from  90  cts  to  $1.10  per  cu  yd,  and  about  15  cts  per  yd  additional 
must  be  added,  if  unloaded  from  cars.  Gravel  costs  from  $1.20  to  $1.40  per  cu 
vd,  unloaded  at  the  job,  and  crushed  stone  from  $1.45  to  $1.60.  These  prices 
^re,  of  course,  average  prices  only,  and  include  moderate-haul  teaming  and  un- 
lading. For  hand-mixing  and  placing  of  soft  concrete,  and  spreading  without 
arA'  ramming,  the  labor-cost  varies  from  90  cts  to  $1.30  per  cu  yd.  This  is 
lit  handling  in  barrows  materials  that  are  conveniently  at  hand.  This  cost 
«11  be  much  higher  for  dry  concrete,  and  hand-mixing  costs  may  reach  $2  or 
$3  per  cu  yd.  For  machine-mixing  alone  and  with  machines  taking  four  bags 
to  the  batch,  the  cost  of  mixing  may  be  even  as  low  as  50  or  60  cts  per  cu  yd. 
For  placing  alone,  the  cost  is  about  75  cts  per  cu  yd;  this  includes  wheeling  the 
CTjncrcte^  dumfung  it  in  place  and  spreading  and  spading  it  into  forms.  This 
cost  oouid  be  almost  doubled  where  unusual  care  had  to  be  cxerdscd  to  obtain 
a  good  surface  and  where  there  was  an  extra  amount  of  spading.     The  costs 
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are  reduced  for  heavy  mass-concrete,  and  have  been  as  low  as  50  or  60  cts  per 
cu  yd  for  machine-mixing  and  placing  together,  by  mixer  and  derrick  or  by 
tracks  and  cars.  The  following  approximate  schedule  *  of  labor-costs  for  mix- 
ing and  placing  concrete  is  given  by  L.  H.  Allen  of  the  Aberthaw  Construc- 
tion Company,  in  Professor  Hool's  exceUent  treatise: 

For  footings $x  .50  per  cu  yd 

For  floor-slabs  not  exceeding  4^«i  in  in  thickness $x  .60  per  cu  yd 

For  floor-slabs  exceeding  5  in  in  thickness $1 .00  per  cu  yd 

For  columns  and  thin  walls $1 .  50  per  cu  yd 

For  walls  exceeding  18  in  in  thickness $x  .00  per  cu  yd 

For  dams  and  thick  retaining-walls $0. 70  per  cu  yd 

For  the  unit  cost  due  to  the  cost  of  the  tools,  plant  and  supplies,  $1  may  be 
taken  as  an  average  for  jobs  requiring  from  4  000  to  xo  000  cu  yd  of  concrete. 
It  varies,  of  course,  with  the  character  and  magnitude  of  the  work.  The  cost 
for  this  item  is  reduced  in  larger  jobs,  falling  to  80  or  even  70  cts  per  cu  yd ; 
and  it  is  increased  in  operations  of  less  magnitude  to  from  $1  to  $x.5o  per  cu  yd, 
for,  say,  3  000  cu  yd  of  concrete.  When  the  amount  of  concrete  required  is  as 
small  as  600  or  700  cu  yd,  hand-mixing  is  generally  more  economical  than 
machine-mixing.  Mr.  Allen  summarizes  *  the  cost  of  x  cu  yd  of  concrete  for  a 
building  requiring  5  000  cu  yd  of  reinforced-concrete  work  in  floors  and  columns 
as  follows,  the  cost  of  forms  and  steel  and  flnlshing  of  the  surface  not  bein^ 
included: 

Cement,  iH  bbl,  at  $1.38  per  bbl $2.30 

Sand,  J-^  cu  yd,  at  $1  per  cu  yd o. so 

Stone,  1 .35  tons,  at  $1 .40  per  ton x  .89 

Labor,  per  cu  yd i  .35 

Plant,  per  cu  yd i.oo 

Total,  per  cu  yd $7  04 

In  this  summary  the  exact  theoretical  proportions  or  quantities  of  cement, 
sand  and  stone  required  for  i  cu  yd  of  concrete,  and  deduced  from  formulas, 
are  not  adhered  to,  the  author  stating  that  the  exact  theoretical  proportions  are 
the  net  quantities  of  the  materials  determined  by  careful  experiment,  that 
"conditions  on  actual  construction  work  do  not  approach  those  of  laboratory 
work  and  that  there  is  always  a  considerable  waste  of  cement,  sand  and  stone.  ** 
In  view  of  these  facts,  he  states  that,  "when  estimating  quantities,  it  is  not  safe 
to  allow  less  than  the  following  amounts  of  cement  for  different  proportioiis 
of  mix: 

I  :  iH  :3  mix 2.00  bbl  per  cu  yd 

x:2     :4mix x.  66  bbl  per  cu  yd 

1  :  2H  '.  S  mix i .  40  bbl  per  cu  yd 

X  :  3      :  6  mix x .  20  bbl  per  cu  yd  " 

It  is  customary  to  allow  )6  cu  yd  of  sand  and  x  cu  yd  of  crushed  stone,  to 
I  cu  yd  of  concrete,  and  to  estimate  the  weight  of  crushed  stone  at  xoo  lb  per 
cuft. 

The  Weight  of  Concrete  varies  from  x  10  to  155  lb  per  cu  ft,  according  to 
the  material  used.  Concrete  of  the  usual  proportions  weighs  from  X40  to  150  lb 
per  cu  ft.  Trap-rock  concrete  weighs  from  X48  to  X55;  limestone  or  gravel 
concrete,  from  142  to  148;  and  cinder  concrete  from  80  to  1x5  lb  per  cu  ft. 

*  Reinforced  Coocrete  Construction,  by  George  A.  H00I,  McGraw-Hill  Book  Company, 
New  York. 
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The  Strenctli  oi  Concrete.    See  Chapter  V. 

Earlier  Eznmples  of  Portland-Cement  Concrete.  From  the  foregoing  it 
<  seen  that  for  foundation-work  to-day,  mass-concrete  varies  in  proportions 
*>-:3ax:3:6toai:4:8  mix.  Some  of  the  earlier  examples  are  added  for 
..-nparisoQ. 

Fotmdations  of  the  United  States  Naval  Observatory,  Georgetown,  D.  C: 
:  ;sin  oexnent,  2Vi  sand,  3  gravd,  5  broken  stone,  (x  bbl  of  cement,  380  lb, 
zade  1. 1 8  yd  of  concrete.) 

FoundiUions  of  the  Cathedral  of  St.  John  the  Divine,  New  York:  x  part 
:  'ibnd  cement,  2  parts  sand,  3  parts  quartz  gravel  of  pieces  from  i^i  to  2  in 

J'-^-meter.     (17  000  bbl  of  cement  made  x  t  000  3rd  of  concrete.) 

Maohattan  Life  Insurance  Building,  New  York,  filling  of  caissons:  i  part 
\I:<n  Portland  cement,  2  parts  sand,  4  parts  broken  stone. 

Johnston  Building  (15  stories).  New  York,  filling  of  caissons:  i  part  Portland 
rr£TiU  3  parts  sand,  7  parts  stone,  finished  on  top  for  brickwork  with  i  part 
.  -.mt  and  3  parts  gravd. 

Professor  Baker  states  that  the  concrete  foundations  under  the  Washington 
'':nument  were  made  of  i  part  Portland  cement,  2  parts  sand,  3  parts  gravel 
cil  4  parts  broken  stone,  and  that  this  mixture  stood,  when  six  months  old,  a 

.d  of  2  OQO  lb  per  sq  in,  or  144  tons  per  sq  ft. 
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CHAPTER  IV 

RETAINING-WALLS,  BREAST-WALLS  AND 
VAULT-WALLS 

By 
GRENVILLE  TEMPLE  SNELLING 

KBlfBBR  or  AMERICAN  INSTITUTE  Ot  ASCmTBCXS 

L   Mechanical  Principles  InToived 

General  Principles.  Before  dificussing  more  in  detail  the  problems  relating 
to  masonry  structures,  in  which,  if  improperly  constructed,  a  tendency  to  slide 
or  overturn  on  their  bases  may  be  developed,  a  familiarity  with  wliat  are  Icnown 
as  the  THEOREM  OP  FRICTION  and  the  raEORGM  op  Tns  middle  third  will  he 
of  assistance  in  comprehending  the  methods  indicated  for  rendering  such  struc- 
tures stable. 

Theorem  of  Friction.  If  a  body  rests  on  an  inclined  plane  it  will  remain 
stationary  until   the  angle  tf>,  that  the  plane  makes  with   the  horizontal. 


Figs.  1,  2,  3  and  4.    liody  on  Inclined  Plane.    Graphical  Representation  of  Forces 

ht'comcs  so  great  that  the  FRicriov  devuIo|)ed  between  the  surfaces  of  the  body 
and  the  plane  is  no  longer  sufficient  to  prevent  the  Ixxiy  from  sliding  down 
the  plane  (Fig.  1). 

Assume  the  body  HIJ  resting  on  the  plane  EF.    The  weight,  W,  of  this  body 
is  shown  graphically  by  the  line  AB,  applied  at  its  center  of  gravity  A  (Fig.  2). 
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Thb  weiglit  can  be  resolved  into  two  component  forces,  one,  AC,  normal  to  the 
iLdined  pUne  and  the  other,  AD,  parallel  to  it.  It  is  the  parallel  or  tangential 
force  which  tends  to  pull  the  body  down  the  plane  and  which  is  resisted  by  the 
fncdon  dev«^ped  between  the  two  surfaces.  The  friction  developed  between 
2ny  two  surfaces  in  contact  depends  upon  the  nature  of  the  materials  of  which 
they  are  composed  and  the  intensity  of  the  forces  pressing  them  together;  and 
n  resists  the  tendency  to  slide  only  up  to  a  certain  point.  As  the  angle  ^, 
mbxch  the  indined  plane  makes  with  the  horizontal,  increases,  the  tangential 
cufflponent  7*,  of  the  weight  Wt  increases,  until  it  becomes  greater  than  the 
irictiooal  lesistamx,  and  the  body  moves  down  the  plane  (Fig.  3).  From 
r^goDooietry. 

r-H^sin^ 
N^Wcw4>,    or,    r-iVtan0 

There  b  evidently  a  position  of  the  plane,  intermediate  between  the  positions 
il'own  in  Figs.  1  and  3,  in  which  the  component  force  T  is  just  balanced  by  the 
tnction  and  in  which  the  body  remains  at  rest  although  just  on  the  point  of 
vniing  (Fig.  4).  If  the  angle  which  the  inclined  plane  makes  with  the  hori- 
i-'.tal,  at  the  moment  when  the  body  is  just  about  to  slide,  be  designated  by  0, 
ik  friction  developed  between  the  two  surfaces  will  be  equal  to  N  tan  ^,  since, 
«hen  the  angle  of  inclination  of  the  plane  to  the  horizontal  is  0,  the  tangential 
u^iiponent  of  the  weight  just  balances  the  friction.  From  the  equation  T  *"  N 
u-i  ^  it  is  evident  that  the  friction  is  directly  proportional  to  N  and  to  tan  0. 
Tin  ^  is  then  known  as  the  coefficient  of  friction  and  ^  as  the  angle  of 
:-t?tjsE,  or,  in  the  case  of  stone  surfaces,  it  is  often  known  as  the  angle  of 
?=icnoN. 

The  following  Table  I  gives  the  average  values  of  these  constants  as  deter- 
zJLxA  by  ezperimenL 


Table  I.    Coefficients  and  AoglM  of  Friction 


Kind  of  surface 


Ontnite.  limestone  and  marble: 

Soft  dressed  upon  soft  dressed , 

Hard  dressed  upon  hard  dressed 

Hard  dressed  upon  soft  dressed 

b'.one.  brick  or  oonciete: 

Masonry  upon  masonry 

Masonry  upon  wood  (with  the  grain). , 
Masonry  upon  wood  (across  the  grain) 

Masonry  upon  dry  clay 

Masonry  upon  wet  or  moist  clay 

Masonry  upon  sand 

Masonry  npon  gravel 

Soft  stone  upon  steel  or  iron 

Hard  stone  upon  steel  or  iron 


Coefficient  of 
friction,  tan  0 


0.70 
o.SS 
0.6s 

o  6s 
0.60 
o  50 
0.50 
o  i1 
0.40 
0.60 
0.40 
0.30 


Angle  of 
friction,  ^ 


35°  00' 

28  50 

33  cx) 

33  00 

31  00 

26  40 

26  40 

18  20 

21  50 

31  00 

2t  50 

16  40 


In  this,  discussion  only  the  weight  AB  (Figs.  2,  3  and  4),  of  the  body  has  been 
cm?ldered;  but  the  body  might  be  subjected  to  the  action  of  other  forces  be- 
sides the  force  of  gravity,  in  which  case  these  other  forces  would  be  combined 
with  the  weight  in  order  to  find  the  resultant,  this  resultant  being  again  resolved 
into  a  tangential  and  a  normal  component.    Since  the  angle  BA  C  is  equal  to  the 
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angle  FEG  (Figs.  2,  3  and  4),  given  a  certain  nonnal  pressure  exerted  by  the 
body  on  the  plane,  the  amount  of  the  tangential  pressure  T  depends  upon  the 
angle  FEX}.  The  problem  in  actual  practice  reduces  itself  to  so  arranging  the 
conditions  that  no  matter  what  the  position  of  the  plane  may  be,  the  angle  <^, 
which  the  resultant  (F,  makes  with  the  normal  iV,  to  the  plane,  will  not  be  greater 
than  the  angle  or  raicnoN  or  repose. 

Theorem  of  the  Middle  Third.  When  any  surface  is  subjected  to  pres- 
sure from  the  action  of  any  force  or  forces,  this  total  pressure  may  be  con- 
sidered as  a  SYSTEM  OP  AN  inpintte  number  op  parallel  porces,  equal  or 
unequal  in  intensity.  These  forces  will  have  a  resultant,  whose  magnitude, 
DIRECTION  and  point  of  application  can  be  determined,  either  graphically,  or 
by  moments,  as  explained  in  Chapter  VI.  The  determination  of  these  three 
elements  of  this  resultant  force  may  at  times  become  of  the  utmost  importance 
to  the  engineer. 

Pressure  of  this  nature  is  technically  known  as  the  stress  to  which  the  sur- 
face in  question  is  subjected.  (See  Chapter  I.)  When  the  intensity  op  a 
stress  is  not  the  same  at  different  points  of  a  surface,  it  is  called  a  varying 
stress,  while  if,  on  the  contrary,  its  intensity  remains  the  same  at  every  point 
of  the  surface,  it  is  called  a  uniform  stress. 

When  a  stress  varies  it  may  do  so  in  one  or  two  ways.  It  may  vary  uni- 
formly, that  is  to  say,  in  a  uniform  manner,  following  some  definite  law  of 
variation,  so  that,  knowing  this  law,  its  intensity  may  be  determined  for  any 
given  point  of  the  surface;  or  non-unipormly,  following  no  law.  When  a 
stress  varies  in  the  former  manner  it  is  called  a  uniformly  varying  stress 
This  is  the  case  most  frequently  met  with  in  engineering  problems. 


Fig.  5.    Resultant  within  Middle  Third  Fig.  6.    Resultant  at  Middle  Third 

In  dealing  with  isolated  forces,  such  as  concentrated  loads  on  a  beam,  we 
arc  usually  interested  in  determining  the  magnitltje  and  point  of  application 
of  the  RESULTANT  of  these  forces.  When,  however,  the  question  is  one  of  stress, 
or  of  an  unlimited  mmiber  of  forces,  the  problem  that  usually  presents  isti-If 
is  one  in  which  the  resultant  is  known,  in  magnitude,  direction'  and  point  of 
application,  and  in  which  it  is  required  to  determine  the  distribution  of  tuk 
stress  to  which  the  surface  is  subjected.  Or,  in  actual  practice,  it  is  required 
to  so  arrange  the  parts  of  the  structure  that  this  resultant  shall  have  such  a  mag- 
nitude, direction  and  point  of  application  that  the  stress  to  which  the  surface 
under  consideration  is  subjected  shall  not  exceed  certain  limits  of  safety, 
determined  beforehand  by  experience.  For  example,  when  the  resultant  of  a 
known  amount  of  pressure  or  stress  acts  at  the  center  of  gravity  of  the  sur- 
face subjected  to  the  stress,  thb  stress  is  uniformly  distributed  over  the 
surface. 
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When  the  resultant  acts  at  a  distance  of  two-thirds  the  total  width  of  the 
surface  from  one  edge  or  boundary  line  of  the  surface,  and  at  one-third  the 
width  from  the  other  edge,  the  stress  is  uniformly  varying;    and  its  in- 
tensity at  the  edge  farthest  from 
the    point    of    application    of    the 
resultant  is  zero  and  at  the  other 
edge  a  maximum  or  twice  the  average 
stress.     When,   however,  the  total 
amount  of  the  stress  remaining  the 
same,  the  point  of  application  of 
the  resultant  is  at  a  greater  distance 
from  one  edge  than  two-thirds  the 
total  width  of  the  surface,  a  certain 
part  of  the  surface  adjacent  to  the 
edge  furthest  from  the  resultant  is 

subjected  to  a  stress  of  a  contrary        fig.  7.    Resultant  beyond  Middle  Third 
NATURE    to    that  distnbuted   over 

the  rest  of  the  area;  that  is  to  say,  if  the  stress  to  which  the  major  part  of  the 
surface  is  subject  is  a  compressive  stress,  the  stress  acting  on  the  remainder  of 
the  surface  is  a  tensile  stress.  The  stresses  in  a  surface  resulting  from  three 
dif  erent  positions  of  the  resultant  force  noay  be  illustrated  graphically,  as  shown 
in  Figs.  5,  6  and  7. 

2.  Retaining-Walls 

Definitions.  A  Retaining-Wall  is  a  wall  built  to  resist  the  pressure  of 
earth,  sand,  or  other  filling  or  backing  deposited  behind  it  after  it  is  built,  as 
distingiiished  from  a  breast-wall  or  face-wall,  which  is  a  similar  structure 
built  to  prevent  the  fall  of  earth  which  is  in  its  undisturbed,  natural  position, 
but  from  which  part  has  been  excavated,  leaving  a  vertical  or  inclined  face.  Fig 
)i  ts  an  illustration  of  the  two  kinds  of  wall. 


Theories  of  Retaining- Walls.  A  great  deal  has  been  written  on  the  theory 
OF  RETAINING-WALLS,  and  many  theories,  involving  elaborate  calculations  for 
determining  the  conjugate  pressures  in  the  earth-backing  behind  the  wall, 
have  been  developed  for  computing  the  thrust  which  a  bank  of  earth  exerts 
against  such  a  wall,  and  for  determining  the  form  of  wall  which  offers  the  great- 
est resistance  with  the  least  amotmt  of  material.  There  are  so  many  condi- 
tions, however,  upon  which  the  thrust  exerted  by  the  backing  depends,  such  as 
the  cohesion  of  the  earth,  the  dryness  of  the  material,  the  mode  of  backing  up 
the  wall,  etc.,  that  in  practice  it  is  impossible  to  determine  the  exact  thrust  which 
will  be  exerted  against  a  wall  of  a  given  height.  It  is  necessary,  therefore,  in 
designing  retaining-walls,  to  be  guided  by  experience  rather  than  by  theory. 
As  the  theories  of  retaining-walls  are  so  vague  and  unsatisfactory,  we  shall  not 


yGoogk 


256 


Retaining-Walls,  Bieast-Walls  and  Vault-Walls      Chap.  4 


indude  any  in  this  work»  but  offer,  rather*  such  suggestions^  rules  and  cautioas 
as  have  been  established  by  practice  and  experience.  A  construction  sug- 
gested from  empirical  data,  which  has  been  found  to  work  well  in  practice,  for 
detemuning  the  thrust  of  the  earth-backing  and  the  oocensions  or  th£ 
WALL  to  propedy  resist  this  thrust,  is  given  on  page  ^57. 

In  designing  a  retaining-wall  the  backing  as  well  as  the  wall  itsdf  must  be 
carefully  considered.  The  tendency  of  the  backing  to  slip  is  very  much 
less  when  the  material  is  in  a  dry  state  than  when  it  is  saturated  with  water, 
and  hence  every  precaution  should  be  taken  to  secure  good  drainage.  Besides 
surface-drainage,  there  should  be  openings  left  in  the  wall  for  the  water  which 
may  accumulate  behind  it  to  escape. 

The  manner  in  which  the  material  is  filled  against  the  wall,  also,  affects  the 
stability  of  the  backing.  If  the  ground  is  made  irr^^lar,  with  steppings,  as 
.shown  in  Fig.  8,  and  the  earth  well  rammed  in  layers  inclined  down  FROif 
the  wall,  the  pressure  will  be  very  trifling,  provided  that  attention  is  paid  to 
drainage.  If,  on  the  other  hand,  the  earth  is  tipped  in  the  usual  manner,  in 
layers  sloping  down  towards  the  wall,  almost  the  full  pressure  of  the  earth 
will  be  exerted  against  it,  and  it  must  be  made  strong  enough  to  withstand 
such  pressure. 

Slopes  of  Repose  and  Angles  of  Repose.  Cases  may  occur  in  practice  in 
which  the  conditions  are  not  such  as  are  shown  in  Fig.  8,  which  shows  only  a 
limited  amount  of  iill  or  new  material  put  in  behind  the  wall  on  top  of  the 
original  slope  of  the  grade;  cases  in  which,  on  the  contrary,  the  wall  has  been 
built  on  the  natural  surface  of  the  ground  with  a  view  to  creating  an  entirely 
new  terrace  or  embankment  and  where  all  the  material  back  of  the  watt  is  new. 

All  of  this  material  does  not  beat  upon  the  wall  and  tend  to  overturn  it,  for 
sand  or  loose  earth  taken  from  an  excavation  and  deposited  on  the  surface  of 
the  ground  does  not  spread  itself  out  like  a  liquid  but  piles  up  in  a  mound.  This 
PiUNG  UP  is  due  to  the  friction  developed  between  the  separate  particles  as 
»hey  slide  one  over  the  other  while  being  dumped.  This  phenomenon  is  observed 
in  the  action  of  any  solid  material  broken  up  into  separate  particles;  and  although 
the  slope  of  the  sides  of  such  a  mound  varies  with  different  materials,  it  is, 
in  general,  the  same  for  the  same  material.  The  angle  of  this  slope  is  known  as 
the  ANGLE  OF  natural  SLOPE  of  the  material.  This  angle  for  the  materials  gen- 
erally used  for  fill  is  given  in  the  following  Table  II. 


Table  n. 


Slopes  of  Repose,  Angles  of  Repose  and  Weights  of  Loose 
Materials 


Kind  of  earth 


Sand,  clean 

Sand  and  clay 

Clay,  dry 

Clay,  damp,  plastic .... 

Gravel,  clean 

Gravel  and  clay 

Gravel,  sand  and  clay  . 

SoU 

Soft  rotten  rock 

Hard  rotten  rock 

nituniinous  cinders. . . 
Anthracite  ufthes 


Sloix*  of 
rt'pusc* 


1.5  toi 
I  33  to  I 
1.33  to  I 
a  toi 
i.33toi 
l..J3toi 
1.33  to  I 
1  33  toi 
I  33  to  I 
1  to  I 
1  toi 
I        tox 


Angle  of 
repose 


3.1'  41' 

36  53 

36  53 

86  34 

36  53 

36  Si 

36  Si 

36  Si 

36  S3 

45  06 

45  06 

45  00 


i  Weight  in 
I  lb  per  cu  h 


90 
100 
100 
100 
100 
100 
100 
100 

no 

100 

6s 

30 


*  The  slope  is  that  of  horizontal  to  vertical  projoption. 
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Pressures  oa  Retaining-Walls.  Even  under  the  conditions  shown  in  Fig.  8, 
only  a  part  of  the  fiUed-tn  material  will  exert  a  pressure  on  the  walL  It  would 
be  natural  to  suppose  that  the  part  of  the  fill  exerting  pressure  on  the  wall 
would  be  determined  by  the  angle  or  natdkal  slope,  all  material  from  a 
natural  horizontal  grade  up  to  this  angle  being  able  to  take  care  of  itself,  and 
all  the  material  above  the  angle  needing  the  wall  to  hold  it  in  place.  Exijeri-* 
ment  shows  that  this  is  not  strictly  true,  for  as  the  earth  settles  into  place  certain 
forces  (rf  INTESNAL  ELASTICITY  and  tendencies  toward  a  state  of  equilibrium 
come  into  play  creating  internal  stresses  which  produce  the  con/ugate 
pressures  already  referred  to.  The  exact  determination  of  these  internal 
STRESSES  demands  relatively  complicated  calculations  which  would  be  out  of 
place  in  a  book  of  this  character.  The  construction  given  in  the  following 
paragraphs  for  determining  the  slope  of  the  cleavage-plane,  between  that 
part  of  the  backing  which  sustains  itself  and  the  triangular  fill  which  actually 
bears  on  the  wall,  is  sufficiently  accurate,  however,  for  all  practical  purposes. 

The  Slope  of  the  Cleavage-Plane.  The  following  construction  (Figs.  9 
and  10),  based  upon  empirical  data,  for  determining  first,  the  PRisif  of  earth 


Fig.  9.    Method  of  Determining  the  Prism  of  Earth 

which  exerts  pressure  on  the  back  of  the  wall  and  secondly,  the  proper  dimen* 
sions  for  the  wall,  has  been  found  to  work  well  in  practice,  when  certain  neces- 
sary precautions  a:e  taken.  These  include  proper  drainage  behind  the  wall, 
proper  raioong  of  the  fill  and  efficient  bracing  of  the  wall  during  its  construc- 
tion. 

In  the  calculations  to  determine  the  pressure  of  the  earth  and  the  weight  of 
the  wall,  a  slice  i  ft  thick  is  first  considered.  Then  the  area  of  the  triangle 
ABE  is  iMx>portional  to  the  volume  and  weight  of  the  slice  of  earth  causmg 
pressure  on  the  wall,  and  as  the  area  of  the  cross-section  of  the  wall  is  propor- 
tional to  the  volume  and  weight  of  the  slice  of  the  wall  itself. 

To  determine  the  prism  of  earth  which  exerts  pressure  against  the  back  of 
the  wall,  decide  first  upon  the  batter  to  be  given  to  the  back  of  the  wall.  In 
this  case  it  made  8o°  with  the  horizontal,  an  angle  slightly  greater  than  that 
advised  by  Trautwine.  Draw  BH  (Fig.  9),  making  an  angle  ABH,  equal  to 
2  ^,  with  the  back  of  the  wall;  continue  this  line  until  it  meets  at  H  the  slope 
of  the  surface  of  the  earth  back  of  the  wall,  prolonged.  From  A ,  the  top  of  the 
wail,  draw  A  J  parallel  to  Bl^  the  natural  sbpe  of  the  fill.  This  has  been  taken 
^  S5^  as  a  fair  average  value.  Erect  a  perpendicular  from  the  middle  of  JB, 
and  with  any  point,  0,  as  a  center,  on  this  perpendicular,  describe  an  arc  passing 
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tiirougfa  /  and  B.  Draw  BO  and  bisect  it»  and  with  O'  as  a  center  and  OO' 
a  radius,  describe  the  arc  cutting  the  arc  JKB  at  K.  Again,  with  a  radius  / 
and  with  H  as  center,  describe  the  arc  KL,  and  finally,  from  L,  draw  LE  para 
to  J  A .    The  intersection  of  this  line  with  the  surface  of  the  ground  locates  i 


Fig.  10.    Method  of  Detennining  Dimcnsioos  of  Retsining-wall 


point  E.  The  line  EB  is  the  line  of  the  cleavage-plane  which  separates  tl 
part  of  the  backmg  which  bears  against  the  wall  from  the  part  which  exerts  n 
lateral  pressure. 

Havipg  found  the  ddiensxons  or  the  volume  or  earth,  the  thrust  of  whic 
must  be  resisted  by  the  wall,  the  next  step  is  to  determine  what  the  dimension 
or  TBS  wall  should  be  to  properly  resbt  this  thrust  Usually  one  or  two  trial 
are  necessary  before  the  proper  solution  of  the  problem  is  found.  In  the  a 
ample  given,  a  preliminary  trial  was  made  with  a  thickness  at  the  base  of  4  fi 
This  construction  is  shown  with  the  green  lines  (Fig.  10). 

After  drawing  the  triangle  representing  the  base  of  the  prism  or  earth,  fin 
Its  center  of  gravity,  G  (Chap.  VI).  From  this  point  draw  two  normals,  one  t 
the  back  of  the  wall  and  the  other  to  the  line  of  the  cleavaoe-plane.  Drai 
the  two  Unes,  GM  and  GN,  making  angles  0  with  these  normals.  Lay  off  vei 
tically  from  the  center  of  gravity,  at  any  convenient  scale  of  so  many  squax 
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incbn  to  the  linicar  inch,  the  azea  of  the  tziangle  of  the  base  of  the  prism,  the 
aiea,  as  alreaciy  explained,  being  proportional  to  the  volume  of  the  prism  and 
its  weight.  Resolve  this  weight-line  aJong  the  two  lines  GU  and  GN  (Chap. 
VI).  This  will  give  the  jcacnituoe  and  duuscxzon  of  the  thrust  or  pressure 
ol  the  earth  against  the  walL  Ai^y  this  pressure  at  a  point  on  the  badi  of  the 
wall  one-third  of  the  distance  from  the  bottom,  as  shown  by  the  arrow.  This 
is  the  force  which  may  tend  to  ovektdkn  the  wall  and  which  tends  to  make  it 
SUDE  along  the  base. 

To  resist  these  ovextusning  and  supinc-tendencies,  the  weight  of  the  wall 
combined  with  the  pressure  of  the  earth  behind  it  should  produce  a  resultant 
which  satisfies  the  following  conditions.  First,  its  MAGNnxjDE  should  not 
be  great  enough  to  cause  a  imit  pressure  on  the  foimdation-bed  greater  than 
it  can  safely  bear;  secondly,  it  should  pass  within  the  middle  third  of  the  base 
so  that  the  stress  over  the  entire  area  of  the  base  will  be  a  compressive  stress; 
and  thirdly,  it  should  make  an  angle  with  a  normal  to  the  plane  of  the  founda- 
tion-bed not  greater  than  the  angle  of  friction  between  the  stone,  brickwork, 
concrete,  or  other  masoniy  of  the  footings  and  the  sand,  clay,  or  rock  of  the  foun- 
dation-bed. 

In  order  to  determine  these  conditions,  the  center  of  gravity  of  the  cross- 
section  of  the  wall  must  be  determined  and  a  vertical  line  drawn  through  this 
point  mitil  it  intersects  the  line  of  the  earth-^brust  produced.  It  is  at  this 
intersection  of  the  lines  of  Acmm  of  the  two  forces  that  their  resultant 
acts.  To  find  the  center  of  gravity  of  the  cross-section  of  the  wall,  the  method 
of  dividing  the  trapezoid  into  two  triangles  has  been  followed,  the  center  of 
gravity  of  e^^  triangle  being  found  and  these  two  points  being  joined  by  a  line. 
The  intersection  of  this  line  with  the  median  line  drawn  between  the  base  and 
the  top  of  the  wall  is  the  center  of  gravity  of  the  trapezoid.  In  this  example, 
for  ooavenienoe,  the  scale  used  for  the  composition  of  the  forces  of  the  pressure 
d  the  earth  and  the  weight  of  the  wall  is  one-half  the  scale  used  for  the 
resolutioii  of  the  forces  representing  the  weight  of  the  earth-prism. 

In  the  first  trial,  shown  by  the  green  lines^  the  first  and  third  conditions  neces- 
sary to  in&ure  stability  are  fulfilled;  but  the  second  is  not,  the  resultant  pass- 
ing outside  the  middle  third  of  the  base.  This  indicates,  theoretically,  a 
slight  tensile  stress  or  a  tendency  for  the  joints  at  the  back  of  the  wall  to  open. 
Another  trial,  therefore,  is  shown  with  the  red  lines,  the  thickness  of  the  wall 
being  increased  as  shown  by  the  rectangle  CC'D'D.  In  this  second  trial  the 
wTiGar  of  iee  wall  is  necessarily  increased  while  the  earth-thrust  remains 
the  same.  As  in  this  case  the  resultant  passes  within  the  middle  third,  it  is 
concluded  that  a  wall  of  these  dimensions,  5  ft  base  by  10  ft  height  and  with 
an  80*  batter,  will  be  safe  and  will  properly  resist  the  thrust  of  the  earth- 
backing. 

Details  of  Constmctioii.  Retaining-walls  are  generally  built  with  a  batter- 
ing, that  is,  a  sloping  face,  as  walla  of  this  form  are  the  strongest  for  a  given 
amount  of  material;  and  if  the  courses  are  inclined  down  towards  the  back,  the 
tendency  to  slide  on  each  other  will  be  resisted,  and  it  will  not  be  necessary  to 
depend  upon  the  adhesion  of  the  mortar.  The  importance  of  making  the  resist- 
ance independent  of  the  adhesion  of  the  mortar  is  obviously  very  great,  as  it 
would  otherwise  be  necessary  to  delay  the  backing  up  of  the  wall  until  the  mortar 
had  thoroughly  set,  which  might  require  several  months. 

In  brickwork  it  is  advisable  to  let  every  third  or  fourth  course  below  the  frost- 
line  project  an  inch  or  two.  This  increases  the  friction  of  the  earth  against 
the  back  and  caiiaes  the  resultant  of  the  forces  acting  behind  the  wall  to  become 
moce  nearly  vertical,  and  to  fall  farther  withm  the  base,  increasing  the  stability. 
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It  also  conduces  to  strength  to  make  the  courses  of  varying  heights  throughout 
the  thickness  of  the  wall,  and  to  have  some  of  the  stones,  especially  those  near 
the  back,  sufficiently  high  to  extend  through  two  or  three  courses.  By  this 
means  the  whole  masonry  becomes  more  effectually  interlocked  or  bonded 
together  as  one  mass  and  is  less  liable  to  bulge.  The  courses  of  masonry  are 
often  laid  with  their  beds  sloping  in,  as  in  Fig.  15,  to  overcome  the  tendency 
of  the  courses  to  slide  on  each  other. 

Where  the  ground  freezes  to  a  great  depth,  the  back  of  the  wall  should  be 
SLOPED  FORWARD  for  three  or  four  feet  below  its  top  surface,  as  at  OC  (Fig.  11), 


Fig.  11. 


Retaining-wall  for  Deep- 
freezing Earth 


k-Vo^-J 


Fig.     12.      Retaining-w&ll 
with  Rectangular  Cross- 


J-^-- 8-0- 


Fig.     13.      Rd 

wall  with  Triangular 
Cross-sectioo 


and  this  slope  should  be  quite  smooth,  so  as  to  lessen  the  hold  of  the  frost  and 
prevent  displacement. 

Figs.  12,  13,  14  and  15  show  the  approximate  relative  vertical  sectional 
AREAS  of  walb  of  different  shapes  that  would  be  required  to  resist  the  pressure 
of  a  bank  of  earth  12  ft  high.  The  first  three  examples  are  calculated  to  resist 
the  maximimi  thrust  of  wet  earth,  while  the  last  shows 
the  modified  form  usually  adopted  in  practice. 

Notes  on  the  Thickness  of 

Retaining- Walls.    As  has  been 

stated,  about  the  only  practical 

rules  for  retaining-wdb  are  the 

empirical   rules  based    upon   ex- 
perience and  tests.    Trautwine* 

gives  the  following  Table  III  for 

the   thickness    at    the    base    of 

vertical    retaining-walls    with    a 

sand    backing    deposited    in  the 

usual  manner.    The  first  column 

contains  the  vertical  height  CD 

(Fig.  16)  of  the  earth  as  compared 

with  the  vertical  height  of  the 
wall,  AB.  The  latter  is  assiuned  to  be  x,  so  that  the  table  begins  with  a 
backing  of  the  same  height  as  the  wall.  These  vertical  walls  may  be  battered 
to  any  extent  not  exceeding  xH  in  to  i  ft,  or  i  in  8,  without  affecting  their 
stability  and  without  increasing  the  base. 

If  the  wall  is  built  as  in  Fig.  17,  with  the  ground  practically  level  with  the 
top,  the  top  of  the  wall  should  be  not  less  than  18  in  thick,  and  the  thicknesses 
at  a,  a,  etc.,  just  above  each  step,  should  be  from  one-third  to  two-fifths  of  the 

•  The  Civil  Engineer's  Pocket-Book,  John  C.  Traut5rine, 
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Fig.  14.  Retaining-wall 
with  Triangular  Cross- 
section 


Fig.  15.  Retaining- 
wall  with  Stepped 
Back 
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TtbiA  in.    Proportions  of 
CrUcknen  of  wall  at  the  baae  in  parts  of  the  hdcht,  AB,  Fig.  16) 


Total  height  of  the  earth 

Wall  of  cut 

Wan  of  rubble  or 

Wall  of  good. 

compared  with  the  height 
of  the  wall  above  ground 

stone  in  mortar 

brick,  good  mortar 

dry  rubble 

0.35 

0.40 

0.50 

0.42 

0.47 

0.57 

0.46 

0.51 

o.6z 

0.49 

0.54 

0.64 

0.51 

0.56 

0.66 

0.52 

0.57 

0.67 

0.54 

0.59 

0.69 

o.SS 

0.60 

0.70 

o.s6 

0.61 

0.71 

0.58 

0.63 

0.73 

2.S 

0.60 

0.65 

0.75 

0.62 

0.67 

0.77 

0.63 

0.68 

0.78 

0.fi4 

0.69 

0.79 

14 

0.65 

0.70 

0.80 

25 

0.66 

0.71 

0.81 

or  more 

0.68 

0.73 

0.83 

bdgfat  from  the  top  of  the  wall  to  each  of  these  levels.  If  the  earth  is  banked 
above  the  top  of  Uie  wall,  the  thicknesses  should  be  increased  as  indicated  by 
the  table  given  above.  If  built  upon  ground  that  is  affected  by  frost  or  sur- 
face-water, the  footings  should  be  carried  sufficiently  below  the  surface  of  the 
ground  at  the  base  to  insure  against  heaving  or  settling. 


Fig.   15. 


Retaining-wall   with    Raised   Sand 


Fig.  17.  Retaining-wall  with  Stepped 
Back. 


Reinforeed-Concrete  Retaining- Walls.  With  the  constantly  increasing 
use  of  RBIMFOBCED  CONCSETE  foF  various  purposes,  there  has  come,  also,  the 
ooQStmction  oi  retaining-walls  in  this  material.  Figs.  18,*  19*  and  20* 
sliow    three  designs  by  A.   L.  Johnson  for  retaining-walls   to   satisfy  the 

*  Plain  and  Reinforced  Concrete,  Taylor  and  Thompson. 
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requirements  of  iMUiks  s»  ">  uid  20  ft  high.  The  wall  shown  in  Fl^.  20  i 
reinforced  at  intervals  with  cxnTNTERVOats.  The  walls  themselves  in  Fiers.  1 
and  19  act  as  cantilever  beams.  The  footings,  in  all  three  cases,  ar 
subjected   to  two  principal  external  forces,   the   resultant  of  tlie  reaistiQ 


T 
.1. 


Fig.    18.      Rcinforced-concrcte 
Retaining-waU,  5  ft  High 


Fig.  19. 


Retnforced-concrete  Retaining-wall,  xo 
ft  High 


upward  pressure  of  the  foundation-bed  and  the  resultant  of  the  down- 
ward pressures  of  the  fill.  In  Fig.  20  the  coping  acts  as  a  beau  fixed  a1 
BOTH  ENDS,  with  a  span  equal  to  the  distance  between-  the  counterforts, 
and  loaded  with  the  proper  proportion  of  the  load  due  to  the  pressure  oj 
the  fill  behind  the  wall  and  transmitted  to  the  coping  by  the  wall.  The  wall 
itself  in  this  case  acts  as  a  floor-slab  supported  on  all  four  sides  and  subjected 
to  an  approximately  evenly  distributed  load.  The  counterforts  are  in  tension, 
The  MAxmuu  bending  moments  for  these  various  cases  can  be  determined 
(Chapter  IX)  and  the  necessary  dimensions  and  reinforcement  to  be  pro^ 
vided  decided  by  the  rules  given  in  Chapter  XXtV. 

3.  Breast-Walls 

Breast- Walls.  Where  the  ground  to  be  supported  is  finn»  and  the  strata  are 
horizontal,  the  office  of  a  breast-wall  (Fig.  8)  is  more  to  protect  than  to  sustain 
the  earth.  It  should  be  borne  in  mind  that  a  trifling  force  skilfully  applied  to  un^ 
broken  ground  will  keep  in  its  place  a  mass  of  material,  which,  if  once  albwed  to 
move,  would  cmsh  a  heavy  wall.     Great  care,  therefore,  should  be  taken  not  to 
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orpoae  the  nnHy  opened  gtound  to  the  influence  ol  air  tnd  water  loAgtr  than  la 
nqiikiu  for  sound  work,  and  to  avoid  leaving  the  smallest  tpact  lor  motion 
between  the  back  o(  the  wall  and  the  ground.  The  strength  of  a  breast-wall  must 
be  pcopoKtionateiy  increaaed  when  the  strata  to  be  supported  incline  down 


^ 


Fig.  20.    Reinforced-concrete  Retaining-waU  wfth  Cottnterforts  sad  Apron 

tovrards  the  wall;  where  they  incline  down  from  it,  the  wall  need  be  little  more 
than  a  thin  yaCino  to  protect  the  ground  from  disbtegration.  The  preserva- 
tion of  the  NATURAL  DRAINAGE  IS  oue  of  the  most  important  points  to  be 
attended  to  in  the  erection  of  breast-walls,  as  upon  this  their  stability  in  a 
great  measure  depends.  No  rule  can  be  given  for  the  best  way  to  do  this;  it 
is  a  matter  for  attentive  consideration  in  each  particular  case. 

4.  Vaolt-WaUa 

Vtolt-Walte.  In  large  dties  it  is  customary  to  utilize  the  space  under  the 
sadewalk  for  storage  or  other  purposes.  This  necessitates  a  wsiU  at  the  curb- 
tine  to  hold  back  the  earth  and  the  street-pressures  and  also  the  wdght  of  the 
sidewalk.  Where  practicable  the  space  should  be  divided  by  partition-walls 
about  every  lo  ft,  and  when  this  b  done  the  outer  wall  may  be  advantageously 
built  of  haxd  bricks  m  the  form  of  arches,  as  shown  in  Fig.  21.    The  thickness 
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of  the  arch  should  be  at  least  i6  in  for  a  depth  of  9  ft  and  the  rise  of  the 
arch  from  one-eighth  to  one-sixth  of  the  span.  If  partitions  are  not  practi- 
cable, each  sidewalk-beam  may 
be  supported  by  a  heavy  I-beam 
column,  with  either  flat  or  seg- 
mental arches  between,  of  either 
brick  or  concrete.  Fig.  22  * 
shows  a  detail  of  the  outer  w^alls 
of  the  vault  under  the  sidewalk 
around  the  Singer  building,  New 
York  City.  These  walls  consist 
of  a  core  formed  by  two-ring 
brick  arches  with  vertical  axes, 
built  between  the  flanges  of 
8-in  vertical  steel  I  beams 
spaced  about  5  ft  apart  and 
bedded  at  the  bottom  in  a  con- 
crete footing.  Their  tops  are 
joined  by  6-in  horizontal  X  beams  and  braced  laterally  by  the  sidewalk-beams, 
5  ft  apart.    The  arches  themselves  are  s^m^tal,  with  a  rise  of  about  6  in. 


Vault-wan  with  Partitbns 


Fig.  22.    Vault-walls  of  Singer  Building,  New  York  City 

and  are  built  up  solid  against  an  8-in  outside  face-wall.  A  4-in  plain  curtain 
wall  is  built  inside  against  the  flanges  of  the  vertical  beams,  indosing  seg- 
mental air-chambers  in  front  of  each  arch. 

*  From  The  Engineering  Record,  Feb.  26,  1898.  • 


yGoogk 


Crushing  Strength  of  Stonework,  Brickwork,  Bricks         265 


CHAPTER  V 

STRENGTH  OF  BUCK,  STONE,  MASS-CONCRETE  AND 
MASONRY 

By 
THOMAS  NOLAN 

ntOFESSOR  or  ASCHITECTUXAI,  construction,  university  07  PENNSYLVANIA 

1.   Cmahing  Strength  of  Stonework,  Brickwork,  Bricks,  etc. 

Stresses  in  Masonry.  By  the  term  strength  or  masonry  is  generally 
aieant  its  resbtance  to  a  direct  compressive  force  or  load,  and  this  is  the  only 
direct  stress  to  which  masonry  should  be  subjected.  Stone  lintels  and  footings 
Biy  be  subjected  to  a  transverse  or  bending  stress,  but  they  can  hardly  be 
bduded  in  the  term  masonry,  as  they  consist  of  single  pieces.  There  are  also 
Uadendes  to  bend  and  to  split  apart  in  brick  walls  and  piers,  as  they  are  usually 
l&gh  in  proportion  to  their  lateral  dimensions,  but  the  stresses  thus  developed 
oimot  be  accurately  determined  and  should  be  avoided  as  much  as  possible. 
It  is  impossible  to  fix  values  for  the  strength  of  brickwork  or  stonework  with 
anything  like  the  exactness  possible  for  wooden  or  steel  members,  for  the  reason 
thu  there  is  not  only  a  great  variation  in  the  strength  of  different  kinds  of 
brick  and  stone,  even  when  taken  from  the  same  kiln  or  quarry,  but  the  strength 
d  w:&IIs  and  piers  is  also  greatly  affected  by  the  kind  and  quality  of  the  mortar 
:^ed.  the  way  in  which  the  work  is  built  and  bonded,  and  the  amount  of  moisture 
:a  the  materials  when  th^  are  laid.  All  that  can  be  done,  therefore,  is  to  give 
vilues  which  will  be  safe  for  the  different  kinds  of  masonry  biiilt  in  the  usual 
nanner. 

Working  Compressive  Strength  of  Masonry.  The  building  laws  of  most 
vf  the  larger  cities  of  this  country  specify  the  maximum  loads  per  square  foot 
&ibwed  to  be  placed  upon  different  kinds  of  masonry,  and  these  laws  must  govern 
the  architects  in  such  cities.  When  there  is  no  restriction  of  this  kind.  Table  I 
gives  a  pretty  good  idea  of  the  maximum  loads  which  it  is  safe  to  put  upon  the 
(fifferent  kinds  of  work  mentioned.  Table  II  gives  the  maximum  safe  loads 
spcdBed  in  the  building  laws  of  several  cities,  and  the  remaining  tables  of  the 
chapter  give  records  of  numerous  tests  made  to  determine  the  ultimate  com- 
pressive strengths  of  various  kinds  of  bricks,  building  stones,  mortars  and  con- 
cretes, and  are  of  value  in  determining  the  safe  loads  for  special  cases.  In 
determining  the  safe  compressive  resistance  of  masonry  from  tests  on  the  ulti- 
laate  compressive  strength  of  work  of  the  same  kind,  a  factor  of  safety  of  at 
bast  lo  should  be  allowed  for  piers  and  20  for  arches. 

Table  L    Safe  Wockinc  Loads  for  Maaoniy 
Brickwork  in  Walls  or  Piers 

Tons  per  square  foot 

Eastern  Western 

Red  brid^  in  lime  mortar 7  5 

Red  brick  in  hydraulic-lime  mortar ...  6 

Red  bridL  in  natural-cement  mortar,  1:3 10  8 

Arch  or  pressed  bricks  in  lime  mortar 9  6 

Arch  or  presBed  bricks  in  natural-cement  mortar 12  9 

Arch  or  pressed  bricks  in  Portland-cement  mortar. ...            ^^  ^^  Y^ 
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Piers  exceeding  in  height  six  times  their  least  lateral  dimensions  should  b 
increased  4  in  in  lateral  dimensions  for  each  additional  6  ft. 

Stonework 

Tom  per 

square  foot 

Rubble  walls,  irregular  stones 3 

Rubble  walls,  coursed,  soft  stone , 2H 

Rubble  walls,  coursed,  hard  stone 5  to  16 

Dimension-stonei  squared,  in  cement  mortar: 

Sandstone  and  limestone 10  to  20 

CfWiito ao  to  40 

DrtiMd  itone,  with  H*ui  dressed  joints.  In  Portland-cement  mbrtar: 

Graoite 60 

Marble  or  limestone,  best 40 

Sandstone 30 

The  height  of  columns  should  not  excoed  eight  times  the  least  diameter,  unleai 
the  least  diameter  is  stifi^dently  greater  than  neceasary  for  the  strength  of  Uu 
material  used. 

CoNcmrns  • 

Portland-cemeot  mortar,  i  :  8.  6  months.  10  tons;  i  year,  15  to  ao  tons 
Natural-cement  mortar,  t :  6,  6  months,  3  tons;  i  year,  5  to  8  tons 

HoUfOW  TILE 

Safe  loads  per  square  Inch  of  effective  bearing  parts 

Hard  fire-clay  tiles Solbt 

Hard  ordinary  clay  tiles 60  lb 

Porous  tcrra-cotta  tiles 40  lb 

MORTAX 

In  ^^in  joints,  3  months  old 

Tonftpcr 
square  foot 

Portland-cement  mortar,  1:4 40 

Natural-cement  mortar,  1:3 13 

Lime  mortar,  best 8  to  10 

Best  Portland-cement  mortar,  i  :  2,  In  M-in  joints  for  bedding 
iron  plates 70 

The  values  given  above  are  generally  very  conservative.  The  leading  archie 
tects  and  engineers  of  Chicago  recommended  for  that  city  in  1908  the  follow- 
ing SAf  E  WORKING  MtEMURRa  for  brick  and  stone  masonry  and  concrete: 

Common  brick  of  crushing  strength  equal  to  i  800  lb  Lb  per  Tons  per 

persqln:  aqin  sqft 

In  lime  mortar ,  100  7H 

In  lime-and-ceracnt  mortar ,  xas  9 

In  natural-cement  mortar 150  lo^i 

In  Portland«cement  mortar 175  xaH 

*  See  piges  283  to  287. 

t  Tbsie  loadd  are  alloved  by  the  Chicago  Building  Ocdiaaaea. 
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Sdeet.  haid«  ammioii  brick,  of  crushing  strength  aquftl  Lbptr   TMsptt 

to  2  soo  lb  per  iq  in:  k1  in  iq  it 

In  X  part  Portland  cement,  i  Ume-piste  and  3  sftOd*  175  laH 

In  X  :  3  PortUud-cement  mortar too  14H 

Prmtfd  and  sewar'brick,  of  crushing  strength  equal  to 
5  000  lb  per  sq  in: 

In  z  :  3  Poctland^cement  mortar 150  t8 

Paving  brick,  in  I  :  3  Portland-cement  mortar «.  aso  2S}i 

Concrete,  natural  cement,  1:2:5 150  lofi 

Concrete,  Portland  cement,  1:3:6,  machine-mixed. .  300  2xH 

Concrete,  Portland  cement,  1:3:6,  hand-mixed 350  18 

Concrete,  Portland  cement,  1:2:4,  machine-mixed. .  400  28H 

Concrete,  Portland  cement,  1:2  : 4,  hand-mixed 350  25H 

Rubble,  uncouned,  in  lime  mortar 60  4H 

Rubble,  uncDursed,  in  Portland-cement  mortar 100  7H 

Rubble,  couned,  in  Ifane  mortar 120  8V6 

Rubble,  coursed,  in  Portland-cement  mortar 200  14H 

Ashlar,  limestone,  in  PortUnd-cement  mortar 400  28H 

Ashlar,  granite,  in  Portland-cement  mortar 600  43H 


TaUe  n.    CoffllMrlsott  oi  Bulldiflg  Laws 


Materials 


Qf»iifte,evt 

llarbteasd  limcitont,  cut 

SaodstODO,  hard,  cut 

Hard-bttnied  brick  in  Portland- 
cement  mortar..... %.,.. 

Hard-burned    brick   in    natural- 


Hsxd4MinMd  brick  incement-aad* 
lime  mortar 

Hard-burned  brick  in  lime  mortar. 

Ppesaed.  brick  in  Portland-oement 
ffioftar 

PitJBul  brick  in  fidtufal-cement 


Rabble  stone  in  natund-cement 


I^jrtland-cement  concrete  in  foon- 
daftkns,  t  it:  4 

Natuxal-cement  concrete  in  foun- 
dations, X  :  2 :  4 


B09- 
46tl. 
1009 


Buf- 
fcdo. 
1909 


New 
York, 
1906 


Chi- 

oieo, 
19x4 


Louis, 

i9<»y 


Phil- 
adel- 
phia. 
19X4 


Den- 
ver, 
1898 


Allowable  preaBUies  in  tons  per  sq  ft 


40 

3D 

so 
18 

IS 

8 


30 


ta 
9 

"i* 
12 

9 

s* 

4 


a8-ix5 


8 


8t 

16.S 

9 


43 
S9 

X2H 


t»-s8t 
toVH 


21^ 


xxH 

XX 


18 


15 


40 

IS 

9 
'  i 

12 

IS 

10 
4 


*  In  Faitland-oement  mortar. 

t  la  Portland-csment  mortar,  xe;  in  lime-ceoient  mortar,  7;  in  tune  mortar,  s* 

t  Accocding  to  mixture. 

§  1:2:5  miztuie* 


Fltft.    As  A  rule  bikkworic  Is  ittbf^ct  to  it^  f uil  safe  fe^stAMe  only 

irfaenased  in  piers»  and  bsfxian  sections  of  walls,  ttfiderbearing-pUtes.   Inthe 
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latter  case  but  a  few  courses  receive  the  full  load,  and  hence  a  greater  uni 
stress  may  be  allowed  than  for  piers.  Values  for  computing  the  area  of  bearing 
plates  are  given  in  Chapter  XIII.  Aside  from  the  quality  of  the  work  an 
materials  the  two  elements  which  most  influence  the  strength  of  brick  pie) 
are  the  ratio  of  height  to  least  lateral  dimension  and  the  method  of  bonding 
When  the  height  of  a  brick  pier  exceeds  six  times  its  least  lateral  dimension  tb 
load  per  square  foot  should  be  reduced  from  the  values  given  in  Table  I. 

Formtdas  for  the  Safe  Strength  of  Brick  Piers  exceeding  six  diametei 
in  height.  From  the  records  of  numerous  tests  on  the  strength  of  brick  pierl 
from  some  formulas  published*  by  Ira  O.  Baker,  and  also  from  personal  obsci 
vation,  Mr.  Kidder  deduced  the  following  formulas  for  the  maximum  workin 
loads  for  first-class  brickwork  in  piers  whose  height  exceeds  six  times  the  leaj 
lateral  dimension. 

For  piers  laid  with  rich  lime  mortar: 

Safe  load  per  square  inch  ■■  no  —  $  HJD  (l 

For  piers  laid  with  i  :  2  natural-cement  mortar: 

Safe  load  per  square  inch  «•  140  —%yi  H/D  U 

For  piers  laid  with  i  :  3  Portland-cement  mortar: 

Safe  load  per  square  inch  =  200  —  6  H/D  C3 

E  representing  the  height  in  feet,  and  D  the  least  lateral  dimension  in  feet.t 
For  a  pier  20  ft  high  and  9  ft  square  these  formulas  will  reduce  the  safe  loai 

to  4.3  tons  per  sq  ft  for  lime  mortar,  6.1  tons  for  natural-cement  mortar  am 

10  tons  for  Portland-cement  mortar.    No  pier  over  8  ft  high  should  be  less  tha. 

12  by  12  in  in  cross-section  and  when  from  6  to  8  ft  high  piers  should  be  at  leai 

8  by  12  in  in  cross-section. 
The  following,  is  the  Chicago  law  (1914):   "Isolated  piers  of  concrete,  brid 

or  masonry  shall  not  be  higher  than  six  times  their  smallest  dimensions  unle^ 

the  above  unit  stresses  X  are  reduced  according  to  the  followmg  formula: 

P-C(i.25-H/2oJ))  U 

in  which  P  is  the  reduced  allowed  unit  load,  C  the  unit  stress  above  referral 
to,  H  the  height  of  the  pier  in  feet  and  D  the  least  dimension  of  the  pier  in  feci 
No  pier  shall  exceed  in  height  twelve  times  the  least  dimension.  The  weif;li 
of  the  pier  shall  be  added  to  other  loads  in  computing  the  load  on  the  pier. " 

Brick  piers  intended  to  carry  more  than  50%  of  the  safe  loads  given  abov 
should  not  be  built  in  freezing  weather  nor  with  dry  bricks.  Lime  mortaj 
should  not  be  used  for  building  piers  that  are  to  receive  their  full  load  withii 
three  months. 

Effect  of  Bond  on  the  Strength  of  Brickwork.  Brick  pieis,  loaded  t 
the  point  of  destructbn»  always  fail  by  the  splitting  and  bulging  out  oi  ti^ 

*  In  the  Brickbuilder,  Aprfl.  1898. 

t  For  piers  faced  with  pressed  bricks,  laid  with  joints  M  in  or  less  in  thickness,  am 
backed  with  common  bricks  in  lime  mortar,  only  the  dimensions  of  the  backing  should  h 
considerod  in  figuring  their  strength.  If  the  backing  is  laid  in  cement  mortar  and  th 
face-bricks  are  well  tied  to  the  backing,  the  full  section  of  the  pier  may  be  considered.  Fd 
piers  veneered  with  stone  or  terra-cotta,  4  in  thick,  only  the  strength  of  the  backing  shoul 
be  considered. 

X  These  are  in  general  the  "safe  working  pressures  "  for  brickwork  previously  mentione 
u  xwommended  by  the  Chicago  architects  and  engineers  in  1908. 
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piers  themselves,  and  not  by  direct  crushing  of  the  bricks  or  mortar,  showing 
tbat  piers  are  weakest  in  their  bond  and  in  the  tensile  or  transverse  strengths  of 
the  bricksk  It  is  very  important,  therefore,  to  have  the  brickwork  well  bonded, 
iTtd  all  joints  filled  with  mortar  or  grouted.  The  strength  of  a  brick  pier  in« 
tended  to  carry  an  extreme  load  would  probably  be  increased  by  boning  fre- 
qumtly  with  hoop-iron  in  addition  to  the  regular  brick-bond.* 

Bond-stones  In  Brick  Piers.  Many  competent 'architects  and  builders 
ccQsider  that  the  strength  of  a  brick  pier  is  increased  by  inserting  bond-stones, 
from  5  to  8  in  in  thickness  and  the  full  size  of  the  pier  in  cross-section,  every  3  or 
4  ft  in  height. 

For  example,  the- Building  Laws  for  the  City  of  New  York  (1906)  require 
bood-stoaes  every  30  m  in  height,  and  at  least  4  in  in  thickness,  to  be  built  into 
btkk  piers  which  contain  "  less  than  9  superficial  feet  at  the  base,  and  which  sup- 
port any  beam,  girder,  arch,  or  column  on  which  a  wall  rests,  or  lintel  spanning 
yi  opening  over  10  ft  and  supporting  a  wall."  The  New  York  laws  allow  cast- 
iroo  plates  of  sufficient  strength  and  of  the  full  cross-section  of  the  pier  to  be 
Bed  instratd  of  the  bond-stones.  On  the  other  hand,  there  are  many  first-class 
tuikias  who  consider  that  bond-stones  in  a  brick  pier  do  more  harm  than  good, 
and  the  author  b  of  the  opinion  that  this  is  generally  the  Close.  The  Boston 
Building  Laws  do  not  require  intermediate  bond-stones.  If  bond-stones  are 
aacd,  they  should  be  bedded  so  as  to  bear  rather  more  heavily  on  the  inner 
purtioQ  of  the  pier  than  on  the  outer  4  in,  for  unless  this  is  done  the  outer  shell 
win  take  most  of  the  load,  and  will  be  likely  to  bulge  away  from  the  core.  A 
P«er  which  supports  a  girder  or  colimm  should  have  a  cap-stone  or  iron  plate  of 
sufficient  strugth  to  distribute  the  pressure  over  the  entire  cross-section  of  the 
pier. 

Walls-  faced  with  Stone,  Terra-Cotta,  or  Cement  Blocks.  Brick  walls 
laced  with  bkxrks  or  ashlar  of  any  material  should  always  have  the  backing  laid 
ia  oement  mortar  or  in  cement-and-lime  mortar,  unless  the  backing  is  very 
dock,  that  is,  30  in  or  more.  The  aggregate  thickness  of  the  mortar  joints  in 
the  ^*^^<"g  b  so  much  greater  than  in  the  facing,  that  any  shrinkage  or  com- 
iacssk>n  of  the  mortar  tends  to  throw  undue  weight  on  the  facing  and  to  sepa- 
me  it  from  the  backing.  Veneering  of  any  kind  should  be  tied  to  the  backing 
at  least  every  18  in  in  height.  The  New  York  Building  Code  (1906,  Sections  28 
aod  39)  requires  that  all  bearing  walls  faced  with  bricks  laid  in  running  bond, 
aod  all  walls  faced  with  stone  ashlar  less  than  8  in  thick,  shall  be  of  such  thick- 
Bcas  as  to  make  the  waU  independent  of  the  facing  conform  to  that  required 
for  unfaced  walls.  AshUr  8  in  thick  and  bonded  into  the  backing  may  be 
counted  as  part  of  the  thickness  of  the  wall. 

Groating.t  It  is  contended  by  persons  having  large  experience  in  building 
that  masonry  carefully  grouted,  when  the  temperature  is  not  lower  than  40**  F., 
vill  give  the  most  efficient  result.  Many  of  the  largest  buildings  in  New  York 
Gty  have  grouted  walls.  The  Mersey  docks  and  warehouses  at  Liverpool, 
England,  one  of  the  greatest  pieces  of  masonry  in  the  world,  were  grouted 
throughout.  It  should  be  stated,  however,  that  there  are  many  engineers  and 
others  who  do  not  believe  in  grouting,  claiming  that  the  materials  tend  to 
separate  and  form  layers. 

Cmsliing  Height  of  Brick  and  Stone.  If  we  assume  that  the  weight  of 
brickwoik  is  120  lb  per  cu  ft,  and  that  it  would  commence  to  crush  under  700  lb 

*  The  manaer  in  whkb  brkk  piers  fail  is  excdlently  shown  by  illastratioas  on  pa«e  79 
oi  the  Brickbttilder  for  May,  1896. 
tSeeAiBciicaaAzdiiteGt,July3i,  x887.Pi«e»*  r^^^^T^ 
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per  tq  in,  then  a  wall  of  unUonn  fhifkiwwft  wouki  have  to  be  840  ft  high  before 
the  bottom  counes  voukl  oomineace  to  crush  from  the  weight  of  the  brickwork 
above.  Average  sandstones,  at  14s  Ih  per  cu  It,  woidd  require  a  column  5  950  ft 
)a^  to  aveh  the  bottom  stones,  and  an  average  granite,  at  165  lb  per  cu  ft, 
wouUi  require  a  column  10470  ft  high  The  Merchants*  shot-tower  at  Balti- 
more is  246  ft  high,  and  its  base  sustains  a  pressure  of  6H  tons  per  sq  f  t,  the  tona 
being  bng  tons  of  2  240  .lb.  The  base  of  the  granite  pier  of  Saltash  Bridge  (by 
Bnmd),  of  solid  masonry  to  the  height  of  96  ft,  and  supporting  the  ends  of  two 
Iron  spans  of  455  ft  each,  sustains  9>i  tons  per  sq  ft. 

Stone  Piera.  Piers  of  good  strong  building  stone  laid  in  counes  the  full 
cron^ections  of  the  pieca,  with  the  top  and  bottom  counes  bedded  true  and 
even,  may  be  built  to  support  very  heavy  loads.  The  height  of  such  piers, 
however,  should  not  exceed  ten  times  the  least  lateral  dimension,  and  when  it 
exceeds  eight  times  the  thickoesa,  the  bad  should  be  reduced.  The  iointa 
should  not  exceed  H  in  in  thickness  and  should  be  spread  with  i :  a  Portland- 
cement  mortar,  kept  back  i  in  fnm  the  face  of  the  pier  to  prevent  spalling  a£ 
the  edges.  A  test  of  the  strength  of  a  limestone  pier  is  in  square  is  described 
under  Marbles  and  limestones,  in  thb  chapter.  Rubble-work  should  not  be 
used  for  pien  whose  height  exceeds  five  times  the  least  dimrnaion,  or  in  which 
the  latter  b  less  than  so  in. 

Recorda  of  Teats  on  the  Cniahing  Reaiatance  of  Bricka.  Table  III 
gives  the  results  of  some  tests  on  bricks,  made  under  the  direction  of  Mr.  Kidder 
in  behalf  of  the  Massachusetts  Charitable  Mechanics*  Association. 


Table  m.    Ultimate  and  Cracking  Strengths  of  Bricks 


Kind  of  brick 

Size  of  test- 
specimen 

Area  of 

face, 

sqtn 

Com- 
meoced 
to  crack 

under 

lb  per 
sqin 

Net 
■trsncth, 

lb  per 
sqin 

Philadelohia  fac»-brick 

Whole  brick 
Whole  brick 
Whole  brick. 

33.7 
32.2 

3403 

10.89 
as. 77 

i2.&r 
13.43 

n.46 

35- 60 
38.88 

lags 

13.2 

1330 

X3-4S 

4303 
3400 
a879 
3Sa7 

3670 
7760 
3393 
3797 
4«tS5 

I151& 
8S93 
3530 
7880 

aafe 

8180 
3480 

4US 

4164 

6o6a 
5  83t 
5  861 
5  918 

983S 

13  941 

xx68r 
14996 
ISX86 

I3  8J9 
XI  406 

9766 

11 870 

10  870 
U530 
X3o8a 
Ueis 
W490 

Philadelphia  fflfiA-brick. . . , . , , . 

Phfiadetohia  (ace-brick 

Avwago t 

Cambridge  brick  (Bastem) 

Cambridge  brick  (Eastern) 

Cambridge  brick  (Bastem) 

Cambridge  brick  (Bastorn) 

Average 

Half  brick 
Whole  brick 
Half  brick 
HaM  brick 

Boston  Tena-COiU  Cow's  brick. . . . 

Boston  Teria-Cotta  Co.'8  brick. . . . 

Boston  Terra-Cotte  Co.'»  brick. . . . 

Average 

Half  brick 
Whole  brick 
Whole  brick 

New  England  pressed  brick 

Avenge , 

HaU  brick 
Half  brick 
Half  brick 
HaU  brick 

Googl( 


Cnisibiog  Strength  oC  Stonework,  Brickwork,  Brkks         271 

The  specimens  were  tested  in  the  government  tcstutg-madune  at  Wateitcnni, 
MasSn  and  great  care  was  exerdaed  to  make  the  tests  as  perfect  as  possible. 
As  the  parallel  plates  between  which  the  bricks  are  crushed  are  fixed  in  one  posi- 
tioQ,  it  is  necessary  that  each  specimen  tested  should  have  perfectly  parallel 
faces.  The  brkks  which  were  tested  were  rubbed  on  a  revolving  bed  until  the 
top  and  bottom  laces  were  perfectly  true  and  parallel.  The  preparation  of  the 
bikks  in  this  way  required  a  great  deal  of  time  and  expense;  audit  waaso  difl&cuh 
to  pre|Hu«  some  of  the  harder  bricks  that  they  had  to  be  broken  and  only  one^half 
of  the  brick  prepared  at  a  time. 

The  Philadelphia  bricks  used  in  these  tests  were  obtained  from  a  Boston 
dealer,  and  were  fair  samples  of  what  b  known  in  Boston  as  Philadelphia  Face- 
Bricks,     They  were  very  soft  bricks. 

The  Cambridge  bricks  were  the  common  bricks,  such  as  are  made  around 
Boston.     They  are  about  the  same  as  the  Eastern  bricks. 

The  Boston  Terra-Cotta  Company's  bricks  were  manufactured  of  a  rather 
toe  day,  and  were  such  as  are  often  used  for  face-bricks. 

The  New  England  pressed  bricks  were  hydraulic-pressed  bricksi  and  were 
almost  as  hard  as  iron. 

From  tests  made  on  the  same  machine  by  the  United  States  Government  in 
:$&!,  the  average  strength  of  three  (M.  W.  Sands)  Cambridge,  Mass.,  face- 
bricks  was  13  925  lb,  and  of  his  common  bricks,  18  337  lb  per  sq  in,  one  brick 
developing  the  enormous  strength  of  2  2  351  lb  per  sq  in.  This  was  a  very  hard- 
tnmed  brick.  Three  bricks  of  the  Bay  State  (Mass.)  manufacture  diowod  an 
average  strength  of  11  400  lb  per  sq  in.  The  New  England  bricks  are  among 
the  hardest  and  strongest  in  the  country,  those  in  many  parts  of  the  West  not 
having  one-fourth  the  strength  given  above;  so  that  in  heavy  buildings,  where 
the  strength  of  the  bricks  to  be  used  is  not  known  by  actual  tests,  it  is  advisable 
to  have  the  bricks  tested.  Ira  O.  Baker  reported  some  tests  on  Illinois  bricks, 
qtade  on  the  looooo-pound  testing-machine  at  the  University  of  Illinois  in 
iSSS  and  X8S9,  which  give  for  the  crushing  strength  of  soft  brkks,  674  lb  per  sq  m, 
for  the  average  of  three  face-bricks,  3  070  lb  per  sq  in,  and  for  four  paving- 
bricksy  9  775  lb  per  sq  in.  In  nearly  all  makes  of  bricks  it  will  be  found  that  the 
f&oe-hricks  are  oot  as  strong  as  the  common  bricks. 

TesU  of  the  Strength  of  Brick  Piers  Laid  with  Various  MortarB.* 
These  tests  were  made  for  the  purpose  of  testing  the  strength  of  brick  piers 
Ud  up  with  different  cement  mortars,  as  compared  with  those  laid  up  with 
ordinary  mortar.  The  bricks  used  in  the  piers  were  procured  at  M.  W.  Sands's 
bricksrard,  Cambridge,  Mass.,  and  were  good  ordinary  bricks.  They  were  from 
the  same  lot  as  the  samples  of  common  bricks  described  above.  The  piers 
vere  8  by  12  in  in  cross-section,  and  nine  courses,  or  about  22^^  in  high,  except- 
ing the  first,  which  was  but  eight  courses  high.  They  were  built  Nov.  29,  1881, 
m  one  of  the  storehouses  at  the  United  States  Arsenal  in  Watertown,  Mass.  In 
order  to  have  the  two  ends  of  the  piers  perfectly  parallel  surfaces,  a  coat  of  pure 
Portland  cement,  about  H  in  thick,  was  put  on  the  top  of  each  pier  and  the  foot 
VS3  grouted  in  the  same  cement.  On  March  3,  1882,  three  months  and  five 
ds>*5  later,  the  tops  of  the  piers  were  dressed  to  plane  surfaces  at  right-angles 
to  the  sides  of  the  piers.  On  attempting  to  dress  the  lower  ends  of  the  piers, 
tbe  cement  grout  peeled  off,  and  it  was  necessary  to  remove  it  entirely  and  put 
on  a  layer  of  cement  similar  to  that  on  the  tops  of  the  piers.  This  was  allowed 
to  harden  for  one  month  and  sixteen  days,  when  the  piers  were  tested.  At  that 
time  the  piers  were  four  months  and  twenty-six  days  old.  As  the  piers  were 
buih  in  cokl  weather,  the  bricks  were  not  wet.    They  were  built  by  a  skilled 

*  Made  under  the  direction  of  F.  £.  Kidder.^ 
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bricklayer  and  the  mortars  were  mixed  under  his  superintendence.  The  tests 
were  made  with  the  govermnent  testing-machine  at  the  Arsenal.  The  follow- 
ing table  b  arranged  so  as  to  show  the  result  of  these  tests,  and  to  afford  a  ready 
means  of  comparison  of  the  strength  of  brickwork  with  different  mortars.  The 
piers  generally  failed  by  cracking  longitudinally,  and  some  of  the  bricks  were 
crushed.  The  Portland  cement  used  in  these  tests  was  made  by  Brooks,  Shoo- 
bridge  &  Company,  of  England.  Roman  cement  is  a  European  natural  cement, 
usually,  although  not  always,  containing  a  low  percentage  of  magnesia.  It 
sets  rapidly,  has  about  one-third  the  strength  of  true  Portland  cement  and  is 
much  weakened  by  the  addition  of  sand. 


Table  IV.    Tests  of  Piers  of  Common  Bricks  Laid  fai  Different  Mortars 


Piers  8  by  la  in  in  section,  built  of  common 
bricks  in  common  mortar 


Lime  mortar 

Lime  mortar,  3  parts;  Portland  cement,  i 
part 

Lime  mortar.  3  parts;  Newark  and  Rosen- 
dale  cements,  i  part 

Lime  mortar.  3  parts;  Roman  cement,  x 
part 

Portland  cement,  x  part;  sand,  a  parts 

Newark  and  Roeendale  cements,  x  part; 
sand,  a  parts 

Roman  cement,  x  part;  sand,  a  parts 


Ultimate 
sttensth 
of  pier. 


lb 


150  000 

ago  000 

a4Sooo 

X95000 
a4oooo 

aos  000 
185000 


Pressure 
persq  in 

under 

which  pier 

commenced 

to  crack, 

lb 


833 

X87S 

I3S4 

X  04X 
tya2 

708 
X770 


Ultimate 
strength. 


lb  persq 
in 


IS$2 

3oao 

3553 

a  030 
asoo 

3X35 
1937 


As  the  actual  strength  of  brick  piers  is  a  very  important  consideration  in 
building-construction,  some  tests,  made  by  the  United  States  Government  at 
Watertown,  Mass.,  and  contained  in  the  report  of  the  tests  made  on  the  Govern- 
ment testing-machine  for  the  year  1884,  are  given  as  being  of  much  value. 
Three  kinds  of  bricks  were  represented  in  the  construction  of  the  piers,  and 
mortars  of  different  composition,  ranging  in  strength  from  lime  mortar  to  neat 
Portland-cement  mortar.  The  piers  ranged  in  cross-section  dimensions  from 
8  by  8  to  x6  by  x6  in,  and  in  height  from  16  in  to  xo  ft.  They  were  tested  at 
the  age  of  from  18  to  24  months. 

Table  V  gives  the  results  obtained  and  memoranda  regarding  the  size  and 
character  of  the  piers. 

Table  VI  gives  the  results  obtained  from  tests  of  the  strength  of  brick  piers 
made  at  the  McGill  University,  Montreal,  laboratories,  in  March,  1897. 

Recent  Tests  of  Brick  Piers.  Elaborate  tests  of  brick  piers,  with  valuable 
results,*  were  made  in  X908  by  A.  N.  Talbot  and  D.  A.  Abrams  at  the  Uni- 
versity of  Illinois  Experiment  Station.  Table  VII  is  a  summary  of  these  re- 
sults.   The  tests  were  made  on  sixteen  brick  piers,  the  lengths  of  which  varied 

*  Published  in  Bulletin  No.  27,  University  of  lilinou  Engineering  Experiment  Station, 
Sept.  a9,  1908. 
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TiMtt  TL    TMts  of  Bflck  Pirn,  MeOffi  Univefslty  UboratoriM.  ICtreh.  i89r 


Crushing 

strength. 

T^m^^rmipf^^ 

ComposiUon  of 

Kind  of  bricks 

lb  per  sq  in 

Age 

men 

mortar 

At 
flrst 
crack 

Max. 
ifflum 
kMd 

S.I  by  8.1  in,  11.6 

X  Canadian  Port- 

Ordinary  wcll- 

in  high;   joints 

land-cement 

bumed  flat 

833 

1234 

3  weeks 

Hmthkk 

mortar.  3  sand 

bricks 

&.I  by  &x  in.  xx^ 

iGerman  Port* 

Ordinary  wvU' 

in  hicfa;   joints 

land-cement 

burned  flat 

990 

1230 

3  weeks 

H  in  thick 

mortar.  3  sand 

bricks 

Hj  by  S^  In,  to.s 

t  English   Port- 

La Pranie  pressed 

in  high;   jointo 

land-cement 

bricks,   keyed 

•X130 

1524 

3  weeks 

H  in  thick 

mortar,  3  sand 

M  by  8.4  in,  la  75 

X  Belgian  Port- 

in  high;  joints 

land-cement 

bricks,  keyed 

XJ04 

1985 

3w«dcs 

H  in  thick 

mortar.  3  sand 

on  one  side 

Table  Vn.    Tests  of  Brick  Piers,  Msde  at  the  Uniyersity  ef  tllineis 
The  smounts  ghren  are  avenge  values 


Characteristics  of  piers 


Average 

unit 
bad 

lb  per 
sqin 


Ratio  of 

strength 

of  pier 

to 
strength 
of  brick 


Cmahing 
strength 
oC6-in 
mortar- 
cubes 

lb  per 
sqin 


Ratio  of 

strength 

of  pier 

to 
strength 
of  cubes 


Shale  building  bricks 


Well  laid.  I  :  3  Portland-   ) 
cement  mortar.  67  days  ) 

Wen  laid,   x  :  3    Portland- 
cement  mortar,  6  months. 
Wen  laid.  X  :  3   Portland- 
I     cement  mortar,  eccentri- 

j      cally  loaded,  68  days 

I  Poorly  laid,  x  :  3  Portland- 

oexnent  mortar,  67  days... 

Wen  laid,   1  :  s    Portland- 

oen^nt  mortar.  6s  days. . . 

Wen    laid.    X  :  3    natural- 

oement  mortar.  67  days.. . 

WeU  laid,  x  :  a  lime  mortar, 

66  days 


3363 

0.31 

(Stand- ) 

a870» 

39SO 

0.37 

X.18 

3800 

0.36 

0.83 

3930 

0.37 

0.87 

3870* 

3335 

0.31 

0.66 

1710 

I7S0 

0.16 

o.sa 

3QS 

1450 

0.14 

0.43 

1.17 


X.Q5 

1.30 

S,1S 


Underbumed  day  bricks 


Wdl  laid,   X  :  3  Portland- 
cement  mortar,  63  days.. 


1060 


0.37 


0.31 


2870* 


0.37 


'  Avenge  value  based  on  thirteen  tests  of  x  :  3  Potthmd-ceffleBt  mQrtsr-cub6s,6odayt 
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from  lo  to  xoH  ft.  The  lateral  dimensions  were  i2Hhy  laV^  in.  Two  grades 
of  bricks  were  used,  an  excellent  class  of  building  bricks  and  a  soft  grade  selected 
as  representative  of  inferior  bricks.  Different  qualities  of  mortar  and  different 
grades  of  workmanship  were  employed. 

Included  in  the  same  tests  at  the  University  of  Illinois  were  compression-tests 
of  single  bricks,  with  the  following  average  results.  For  hard,  shale  building 
bricks,  bedded  in  plaster,  crushing  strength,  flatwise,  lo  700  lb  per  sq  in;  mod* 
ulus  of  rupture,  edgewise,  6-in  span,  i  670  lb  per  sq  in.  For  soft  or  underbumed 
clay  bricks,  crushing  strength,  flatwise,  3  900  lb  per  sq  in;  modulus  of  rupture, 
480  lb  per  sq  in. 

Tensional  Strength  of  Brickwork.  For  the  safe  tensional  strength  of 
brickwork  and  other  materials  in  footings,  see  Chapter  II,  page  179. 

2.  Strength  of  Terra-Cotta  and  Terra-Cotta  Pieni 

General  Properties  of  Terra-Cotta.  The  lightness  of  terra-cotta,  combined 
with  its  great  compressive  strength,  together  with  its  durability  and  indestructi< 
bility  by  Are,  water,  frost,  etc.,  renders  it  an  especially  valuable  building  material. 
Terra-cotta  for  building  purposes,  whether  plain  or  ornamental,  is  generally 
made  of  hollow  blocks  formed  with  webs  to  give  extra  strength  and  keep  the 
work  true  while  diying.  This  is  necessary  because  good,  weU-bumed  terra- 
cotta cannot  safely  be  made  more  than  about  i\i  in  thick,  whereas,  when  re- 
quired to  bond  with  brickwork,  it  must  be  at  least  4  in  thick.  When  extra 
strength  is  needed,  these  hollow  spaces  are  filled  with  concrete  or  brickwork, 
which  greatly  increases  the  crushing  strength  of  the  terra-cotta,  although  alone 
it  is  able  to  bear  a  very  heavy  weight.  "A  solid  cubical  block  of  terra-cotta 
has  borne  a  crushing-stress  of  more  than  500  tons. " 

Crushing  Strength  of  Terra-Cotta  Blocks.  Some  exhaustive  experiments 
made  by  the  Royal  Institute  of  British  Architects  give  the  following  results  as 
the  crushing  strengths  of  terra-cotta  bk)cks: 

Crushing  weight 
percuft 

Solid  block  of  terra-cotta •. 533  tons 

Hollow  block  of  terra-cotta,  unfilled 186  tons 

Hollow  block  of  terra-cotta,  lightly  made  and  unfilled 80  tons 

Tests  of  terra-cotta  manufactured  by  a  New  York  Company,  which  were 
made  at  the  Stevens  Institute  of  Technology  in  April,  i88d,  gave  the  following 
results: 

Crushing  weight     Crushing  weight 
per  cu  in  per  cu  ft 

Terra-cotta  block,  a-in  square,  red 6  840  lb    or    492  tons 

Terra-cotta  block,  2-in  square,  buff 6  236  lb    or    449  tons 

Terra-cotta  block,  2-in  square,  gray 5  x  26  lb    or    369  tons 

In  tests  for  the  New  York  Building  Department,  made  at  Columbia  University, 
dense  terra-cotta  blocks  developed  a  net  crushing  strength  of  4  72 x  lb  per  sq  in 
or  340  tons  per  sq  ft,  and  semiporous,  2  168  lb  per  sq  in  or  156  tons  per  sq  ft, 
these  results  being  in  each  case  the  averages  of  a  series  of  tests.     (See  page  816.) 

From  these  results,  the  writer  would  place  the  safe  working  strength  of  terra- 
cotta blocks  in  the  wall  at  5  tons  per  sq  ft  when  unfilled,  and  xo  tons  per  sq  ft 
when  filled  solid  with  brickwork  or  concrete. 
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Te«ti  of  Terra-Cotta  Plera.  Tests  •  of  terra-cotta  block  piere  were  made 
ibout  the  same  time  (January,  1907,  and  January,  1908)  that  the  brick  piers 
rderred  to  in  Table  VII  were  made.  The  tests  were  made  on  terra-cotta  piers, 
tbe  lengths  of  whkh  varied  from  9  ft  9  in  to  12  ft  7f4  in.  The  lateral  dimensions 
varied  from  8^i  by  8Vi  in  to  17H  by  17H  in.  "The  piers  were  built  and  tested 
m  two  lots,  an  interval  of  about  one  year  separating  the  times  of  making  the 
tests.  The  two  lots  of  piers  were  built  of  blocks  which  came  in  different  thip- 
Deats.    The  cement  used  was  the  same  brand  in  both  years,  although  the  k>ts 


Table  Vm.    Tests  of  Terra-Cotta  Piers,  Made  at  the  University  of  lUmois 
The  axnoonts  given  are  avenge  values.    The  table  gives  results  of  tests  of  piers  of 

Kcood  shipment,  except  for  the  concave<end  blocks.    The  piers  recorded  in  this  table 

wre  aU  laVi  by  ia>4  in  by  9H  it. 


Characteristics  of  piers 

Average 
unit 
kad 

lb  per  . 
sqin 

Ratio  of 

strength 

of  pier 

to 

strength 

of  block, 

gross 

area 

Ratio  of 
strength 

of  pier 

to 
strength 

of  first 
of  aeries 

Crxishing 
strength 
of  6-in 
mortar- 
cubes 

lb  per 
sq  in 

Ratio  of 
strength 
of  pier 
to 
strength 
of  cubes 

Wen  laid.  1  :3    Portland-1 
cement  mortar,  concentri- 
cally loaded , 

430O» 

3470 
3  305 
3x10 
3050 

3350 

2970 

o.a3' 

0.65 
0.64 
0.60 
0.59 

0.6s 
0.86 

f  Stand- 1 

ard    [ 

I  i.ooM 

o.8f 

0.76 

0.75 

0.71 

0.78 
0.69 

3090 
3130 
3  02s 
3370 

1.26* 
1. 13 

i.os 
1.06 
0.88 

Well  laid,   1  : 3    Portland- 
cenoent  mortar,  eccentri- 
cally loaded 

Poorly  laid,  1  : 3  Portland- 
cement  monar.  concen- 
trically loaded      

Pocrfy  laid.  1  -.3  Porlland- 
cenoent  mortar,  eccentri- 
(>a,I1y  loaded            

^ell  laid,   i  :  3    Portland- 

WeU   laid    1  :  S    Portland- 
cement  mortar,  conccn- 

unbtimed  blocks  t 

BUxks  with  concave  ends, 

I  :  3     Portland-cement 

1     mortar .    .,..,-  r 

Estimated. 


t  Blocks  of  good  quality,  but  underbumed. 


were  diflcrent.  The  terra-cotta  block  piers  were  generally  made  in  sets  of  two. 
Each  set  was  constructed  and  loaded  similarly.  Three  of  the  piers  were  laid  up 
hurriedly  (pooriy  laid);  the  remainder  were  built  with  the  usual  care  given  to 
iuch  work.  The  load  was  applied  to  the  piers  in  different  ways,  although  gen- 
erally applied  continuously  to  failure."  Some  piers  were  loaded  eccentrically 
to  failure  and  one  was  loaded  both  concentrically  and  eccentrically,  but  the 
additional  eccentric  load  was  not  sufficient  to  cause  failure. 

*  See  Bulletin  No.  27,  University  of  Illinois  Engineering  Experiment  Station,  Sept.  39, 
1908. 
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Coaifiuriaoii  of  Retulta  ol  Testa  of  Brick  and  Terra-Cotta  Piara.  In 
the  testa  ftununanaed  in  Tables  VXX  and  VIII,  "both  the  brick  pien  and  the 
tena-coUa  block  pieis  gave  bigh  strengths  in  aU  cases  where  atronc  mortar  and 
caie  in  buildins  were  used.  The  effect  of  the  strength  of  the  mortar  was  appar- 
ent in  the  canyiog  capacity  developed  in  the  piers,  smaller  k>ads  bang  indi- 
cated for  piers  built  with  i  :  5  Portland-cement  mortar  than  for  those  with  i  :  3 
Poitland-cement  mortar»  and  stUl  smaller  loads  for  thoae  with  z  :  t  lime  mortar. 
The  effect  of  the  quality  of  the  bricks  is  shown  in  the  pien  made  with  infmar 
bricks,  these  piers  carrying  only  31%  as  much  as  piers  built  with  the  better 
grade  of  bricks.  In  the  case  of  the  terra-cotta  pieis,  the  blocks  which  were 
culled  out  as  somewhat  inferior  gave  a  pier-strength  which  was  perhaps  30% 
less  than  the  piers  built  with  superior  blocks.  The  effect  of  the  attonpt  to 
represent  hurried  or  careless  workmanship  in  two  brick  piers  and  in  three  terra^ 
cotta  block  piers  was  a  loss  in  strength  of  about  15%  and  25%  respectively. 

"In  the  well-built  brick  piers,  conoentrically  loaded,  the  ratio  of  strength  of  1 
pier  to  compressive  strength  of  individual  brick  ranged  from  31  to  37%,  and 
in  the  underbumed  clay-brick  pier  the  ratio  was  27%.  In  the  terra-cotta 
block  piers,  conoentrically  loaded,  the  ratio  of  strength  ol  pier  to  that  of  indix'id- 
ual  block  was  74%  (an  incompleted  test)  and  83,  85  and  89%  for  the  others.  : 
The  higher  ratio  found  for  the  terra-cotta  block  piers  than  for  brick  piers  sug- 
gests that  the  ability  of  indivMual  pieced  to  resist  transverse  forces  is  an  ele- 
ment in  the  strength  of  the  completed  pier;  and  this  suggestion  may  have  an 
important  bearing  on  the  advantageous  size  of  the  component  blocks  which 
may  be  used  in  a  compreasioQ-pieQe  where  great  strength  is  requnred. 

"The  strength  of  the  pier  is  greater  than  that  of  the  mortar«cubcs  in  both 
brick  and  terra-cotta  block  piers,  except  the  soft-brick  piers,  which  had  bricks 
of  low  compressive  strength.  Both  the  strength  of  the  individual  bricks  or 
blocks  and  the  strength  of  the  mortar  affect  the  resistance  of  the  pier,  and  the 
rehitive  effect  of  the  two  depends  upon  the  character  of  the  materials.  It  is 
evident,  however,  that  the  better  the  individual  piece  the  more  important  it  is 
to  have  a  mortar  of  high  resisting  strength. 

"The  results  obtained  in  applying  the  loads  eccentrically  were  foond  to  agree 
very  well  with  those  obtained  from  ordinary  analysis. 

I  "The  quality  of  workmanship  in  lasdng  up  such  columns  has  an  important 
bearing  upon  the  re»sting  strength.  The  work  of  building  piers,  however,  is 
not  difficult  and  requires  only  ordinary  care.  Full  joints  and  an  even  bearing 
are  important,  and  the  ordinary  workman  ought  to  be  able  to  construct  piers 
of  great  strength.  In  the  tests  made  on  piers  intended  to  represent  poor  or 
rarelfss  workmanship,  the  decrease  in  strength  was  not  as  much  as  anticipated. 
However,  H  must  be  understood  that  careful  and  trustworthy  work  is  essential 
and  that  a  few  poor  joints  will  materially  reduce  the  strength  of  the  structure. 
Wherever  good  material  and  good  workmanship  are  insured  the  strength  of 
masonry  of  this  kind  may  be  utilized  with  advantage. " 

Strength  of  Terra-Cotta  Brackets  or  Conaolea.  A  comice-modillion 
made  by  the  Northwestern  Terra-Cotta  Company,  ii^i  in  high  at  the  wall-line, 
8  in  wide  on  the  face,  and  with  a  projection  of  a  ft,  was  built  into  a  wall  and  the 
upper  surface  loaded  with  a  tons  of  pig  iron  without  any  effect  upon  the  modiilion. 
Another  bracket,  sM  in  hi^  6  in  wide  and  with  a  14-in  projection,  made  in 
the  East,  broke  at  the  wall-line  under  2  650  lb,  while  a  duplicate  of  it- sustained 
a  400  lb  for  one  month  without  breaking.* 

The  Weight  of  Torra-Cotta.    The  weight  of  tenarcotU  in  soUd  bUxka  ia 
ISO  or  Z2a  lb  per  cu  ft.    When  made  in  hollow  blocks  xH  in  Uuck  the  weight 
!  See  The  Brickbuflder.  Vol.  7.  psge  142. 

^        le 


yGoogk 


Crushing  Strength  of  Building  Stones 


279 


niies  from  65  to  85  lb  per  cu  ft,  the  anuller  pieces  weighing  the  meet.  For 
pieces  la  by  x8  in  or  laxger  on  the  face,  70  lb  per  cu  ft  will  probably  be  «  fair 
ivenge.  The  tables  in  the  manufacturers'  caUlogues  give  the  various  bearing- 
iRU,  weights  per  square  Coot,  thicknesses  of  parts»  sizes  of  blocks,  etc^  £or  per* 
bsc  aod  semiporous  blocks  for  all  purposes. 

t.   Crushing  Strength  of  Building  Stonag 


(I) 

Loogmeadow,  Mass.,  Stone.*  Reddish-brown  sandstone,  two  blocks  about 
i  by  4  In  in  cross-section  and  8  in  in  height. 

Block  No.  I  commenced  to  crack  at  10  ^33  lb  per  sq  in,  and  flew  from  the 
redone  in  fragments  at  13  596  lb  per  sq  in. 

Bkick  No.  2  commenced  to  crack  at  3  0x2  lb  per  sq  in  and  failed  completely 
n  9  X2I  lb  per  sq  in. 

SaxKistone  from  Norcross  Brothen'  Quarries,  East  Longmeadow,  Mass., 
Sit  Saolsbury  Stone.*  Block  No.  i,  4  by  4  by  S  in  high,  commenoed  to  crack 
It  S  250  lb  and  failed  at  8  812  lb  per  sq  in. 

Block  No.  2,  4  by  4  by  8  in  high,  commenced  to  crack  at  6  500  lb  and  failed 
11 8092  lb  per  sq  In. 

Haxd  Saukbury  Stone.*  Block  No.  i,  4  by  4  by  8  in  high  (about),  conmiedced 
V.  crack  at  12  716  lb  and  failed  at  13  520  lb  per  sq  in. 

fikxk  No.  2,  same  size  as  No.  i,  commenced  to  crack  at  is  9S3  lt>  and  failed 
It  14650  lb  per  sq  in. 

K3)be  Stone.*  Block  No.  i,  6  by  6  by  6  in,  commenced  to  crack  at  12  590  lb 
iri  failed  at  1 2  619  lb  per  sq  in. 

fibck  No.  2,  same  size  as  No.  i,  commenced  to  crack  at  12  i3s  lb  and  failed 
3: 12  874  lb  per  sq  in. 

Brown  Stone  from  the  Shaler  &  Hall  Quarry  Company,  Portland,  CQBn.t 
Tk  results  of  the  tests  are  aa  foUows: 


Table  IX.    Crashing  Strength  of  Brown  Sandatane 

Dimensions 

area 
sqin 

First 

crack 

lb 

Ultimate 

strength 

kbper 

sqin 

Classification 

Height 
m 

surface 
in 

a-SO 
2.S0 

»9S 
2  SI 
24S 

2.50 
2.48 
3.00 
2.98 
2.55 
a.4« 

2. 45 
2.47 
2.9s 
2.97 
253 
2.5a 

6.13 
6.X3 
8.8S 
8.85 
6.45 
6.25 

84800 
81700 
123200 

X22  00O 

63850 

58340 

13980 
13330 
13920 
15020 
9900 
9330 

isi  quality 

ist  quality 

2d  quality 
3d  quality 
Bridge 
Bridge 

Brown  Stone  from  the  Middlesex  Quarry  Company,  Portland,  Conn4  Four 
oeady  cubical  blocks,  about  i^i  in  square.  Pressure  per  square  inch  at  time  of 
failsre:  No.  r,  10928  lb;  No.  2,  10  322  ?b;  No.  3,  8  252  lb  and  No.  4,  6  322  lb. 

*  TbcK  Uils  wen  Msde  with  the  United  Sutes  twlii^  msfMnw  at  Wateitown 

Anaiii,Maas. 

t  Fras  tasts  asdi  by  Colt's  Patent  Fire-ams  Maaufactaiing  Conpaay. 

t  These  tests  were  made  with  the  United  Sutes  testing-machines  at  Waterfeewn 
AnBal,Masa, 
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Red  Sandstone*  from  Greenlee  &  Son's  Quarries  at  Manitou,  Col.  Or 
specimen  failed  at  ii  ooo  lb  per  sq  in;  weight,  140  lb  per  cu  ft. 

Light-Red  Laminated  Sandstone, t  from  St.  Vrain  Cafion,  Col.,  a  very  hai 
stone,  excellent  for  walks  and  foundations.  Crushing  strength  on  bed,  1 1  5c 
lb  per  sq  in;  weight,  150  lb  per  cu  ft. 

Gray  Sandstone  t  (free- working)  from  Trinidad,  Col.  Crushing  strong  1 
10  000  lb  per  sq  in;  weight,  145  lb  per  cu  ft. 

Gray  Sandstone  t  from  Fort  Collins,  Col.  Gaminated  and  similar  in  qualtt 
to  the  St.  Vrain  stone).  Crushing  strength  on  bed,  1 1  700  lb  per  sq  in;  weigh! 
Z40  lb  per  cu  ft.    One  ton  of  this  stone  measures  just  a  perch  in  the  wall. 

(a)  Granite 
Red  Granite  t  from  Platte  Cafton,  Col.    Crushing  strength  per  square  incl 
14  600  lb;  weight  per  cubic  foot,  164  lb. 

(3)  Lava  Stones 
Lava  Stone  from  th^  Kerr  Quarries,  near  Salida,  Col. 
The  results  of  the  tests  are  as  follows: 


Four  cubical  blocks. 


Table  X.    Crushing  Strength  of  Lava  Stone 


Dimensions 

Sectional 
area 

sqin 

First 
crack 

lb 

Ultimate  strength 

Height 
in 

Compressed 

suriace 

in 

lb 

lb  per 
sqin 

4.00 
4.00 
a. 00 
I  99 

400 
4.00 
a. 00 
1.99 

4.00 
4.00 
I  99 
1.99 

x6.oo 
16.00 
3.98 
3.96 

165900 
174  100 
36400 
38200 

165000 
174  100 
37100 
38200 

10369 
10  881 
9322 
964^ 

Lava  Stone, t  Curry*s  Quarry,  Douglas  County,  Col.  Crushing  strength 
10675  lb  per  sq  in;  weight,  119  lb  per  cu  ft.  Experience  has  shown  that  thi 
stone  is  not  smtable  for  piers,  or  where  any  great  strength  is  required,  as  i 
cracks  very  easily. 

(4)  Marble  and  Limestone 

White  marble  quarried  at  Sutherland  Falls,  Vt.  Two  cubical  blocks  abou 
6  in  square.} 

Block  No.  I  commenced  to  crack  at  9  750  lb  per  sq  in  and  failed  suddenly  a 
II  250  lb  per  sq  in. 

Block  No.  2  did  not  crack  until  it  suddenly  gave  way  at  10  243  lb  per  sq  in 

Test  of  a  Limestone  Pier.  A  pier  of  Lemont  limestone,  i  sq  ft  in  cross-scctioi 
and  9  ft  in  height,  composed  of  seven  stones  with  bearing  surfaces  planed  per 
fectly  true  and  parallel  to  the  natural  bed  and  the  joints  washed  with  a  thlr 
grout  of  the  best  English  Portland  cement,  was  tested  at  the  Watcrtown  Arsena 
for  William  Sooy  Smith,  and  only  conmienced  to  crack  when  the  full  puwei 
of  the  machine,  400  tons,  was  exerted. 

*  These  tests  were  made  with  the  United  States  testing-machines  at  Watertow: 
Arsenal.  Mass. 

t  From  tests  made  for  the  Board  of  Capitol  Managers  of  Cobrado  by  State  Engioeei 
£.  S.  Nettleton.  in  1885,  on  a-in  cubes. 

t  From  tesU  made  by  the  Denver  Society  of  Civil  Engineen,  in  1884.  abo  00  2A1 
cubes. 

I  Tested  at  the  United  States  Arsenal,  Watertown,  Maa. 
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(5)  Bricks  and  Various  Stones 

TaUe  XI  gives  the  crushing  strength  of  various  kinds  of  bricks  and  building 
stones,  the  pcessure  being  normal  to  the  plane  of  the  bed. 


TmUe  XL 


Crushing  Strength  of  Brick  and  Stone  * 
Pressure  at  right-angles  to  bed 


Kind  of  brick  or  stone 


Bricks: 

Common.  Massachusetts 

Coounon,  St.  Louis.  Mo t 

Coounon.  Washington.  D.  C 

Pavii^,  Illinois 

Granites: 

Blue,  Fox  Island.  Mc 

Gray,  Vinal  Haven.  Me 

Westerly.  R.  I 

Rockpcnrt  and  Quincy,  Mass 

Milford,  Conn 

Staten  Island,  N.  Y 

East  St.  Cloud.  Minn 

Gtxnniaon.  Col 

Red.  PUttc  Caikm,  Col 

Limestones : 

Glens  Palls.  N.  Y 

Joliet.  Ill 

Bedford.  Ind 

Salem.  Ind 

Red  Wing,  Minn. 

Stillwater.  Minn 

Sandstone: 

Dorchester,  N.  B.  (brown) 

Mary's  Point,  N.  B.  (fine  grain,  dark  brown) 

Connecticut  brown  stone.t  (on  bed) 

Longmeadow,  Mass.  (reddish  brown) 

Longmeadow.  Mass.  (average,  for  good  quality) . 

Little  Palls.  N.  Y 

Medina.  N.Y 

Potsdam.  N.  Y.  (red) 

Cleveland.  Ohio 

North  Amherst.  Ohio 

Bcrea.  Ohio 

Hummelstown.  Pa 

Fond  du  Lac,  Minn 

Fond  du  Lac.  Wis. 

Manitott,  Col.  (light  red) 

St.  Vrain.  Col.  (hard  laminated) 

Marbles: 

Lee.  Mass, 

R  utland ,  Vt. 

Montgomery  Co.,  Pa. 

Colton.  Cal 

Italy 

Flagging: 

North  River.  N.  Y. 


Crushing 

strength, 

lb  per  sq  in 


loooo 
6417 
7370 

>  000  to  13  000 

1487s 
}  000  to  18  000 
15000 
17  750 
22  600 
33250 
38  coo 

13  000 

14600 

11  475 

12  775 

}  000  to  10  000 
8635 
23000 
10750 

9150 

7700 

r  000  to  13  000 

r  000  to  14  000 

12  000 

9850 

17  000 
( 000  to  42  000 
6800 
6212 
( 000  to  10  000 
12  810 
8750 
6237 

>  000  to  II  000 

II  50s 

22900 
10746 
10  000 

17783 
12x56 

1342s 


*  For  more  complete  tables  of  the  strength,  weight  and  composition  of  building  stones, 
see  neirdata.  uUcs,  etc.  by  Professor  Thomas  Nolan  in  Kidder's  Building  Construction 
and  Superintendence.  Part  I,  Masons'  Work. 

t  This  stone  should  not  be  set  on  edge.  ^  j 
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(6)  Additional  Data  on  the  Strencth  ol  BuOdanc  Stones 

Averace  Data  for  Btiildinc  Stones  of  Good  Quality.  The  following  average 
relative  values*  are  given  by  R.  P.  Miller. t  Samdstonx:  weight,  150  lb  per 
cu  ft;  specific  gravity,  2.40;  crushing  strength,  8000  lb  per  sq  in;  shearing 
strength,  x  500  lb  per  sq  in;  modulus  of  rupture,  i  200  lb  per  sq  in;  modulus 
of  elasticity,  3  000  000  lb  per  sq  in.  Granite:  weight,  170;  specific  gravity, 
2.72;  crushing  strength,  15  000;  shearing  strength,  2  000;  modulus  of  rupture, 
z  500;  modulus  of  elasticity,  7  000  000.  Lqcestone:  weight,  170;  specific 
gravity,  2.72;  crushing  strength,  6000;  shearing  strength,  1000;  modulus  of 
rupture,  t  200;  modulus  of  elasticity,  7.000000.  Marble:  weight,  170;  spe- 
dfic  gravity,  2.72;  crushing  strength,  10  000;  shearing  strength,  Z400;  mod' 
ulus  of  rupture,  i  400;  modulus  of  elasticity,  8000000.  Slate:  wdght,  175; 
specific  gravity,  2.80;  crushing  strength,  15  000;  modulus  of  rupture,  8  500; 
modulus  of  elasticity,  14000000.  Trap-Rock:  weight,  185;  spedfic  gravity, 
2.96;  crushing  strength,  20000. 

The  following  average  relative  values  are  given  by  A.  I.  Fiye-J  They  are 
the  results  of  tests  made  on  small  cubes  of  the  materials.  Sanmtone:  crush- 
ing  strength,  9000  lb  per  sq  in;  Granite  and  Gneiss:  crushing  strength, 
17  733  ib  per  sq  in.  Limestones  and  Marbles:  crushing  strength,  14  445  lb 
per  sq  in.  Slate:  crushing  strength,  10  000;  ultimate  tensional  strength, 
3  000;  modulus  of  rupture,  5  000  lb  per  sq  in. 

When  stones  are  not  tested,  Frye  recommends  the  following  average  values 
for  ultimate  strengths  to  be  used  in  determining  the  safe  stresses.  Sandstone: 
crushing  strength,  5  000;  ultimate  tensional  strength,  150;  modulus  of  rupture, 
I  200  lb  per  sq  in.  Granite  and  Gneiss:  crushing  strength,  13  ooo;  mod- 
ulus of  rupture,  i  600  lb  per  sq  in.  Limestones  and  Marbles:  crushing 
strength,  8  000;  ultimate  tensional  strength,  800;  modulus  of  rupture,  i  500  lb 
per  sq  in. 

The  following  working  unit  stresses  in  pounds  per  square  inch  for  stone  slabs 
or  single  blocks  of  stone  are  recommended  by  W.  J.  Douglass.§  Sandstone: 
compressbn,  700;  tension  (direct  and  flezural),  75;  shear,  150.  Granite, 
Syenitb  and  Gneiss:  compression  for  hard,  x  500;  for  medium,  i  soo;  for 
soft,  z  000;  tension  (direct  and  flexural),  150;  shear,  200.  Limestone:  com- 
pression for  hard,  1 000;  for  medium,  800;  for  soft,  700;  tension  (direct  and 
flezural),  125;  shear,  150.  Marble:  compression  for  hard,  900;  for  soft,  700; 
tension  (direct  and  flexural),  125;  shear,  150.  Bluestone  Flaggino:  compres- 
sion, z  500;  tension  (direct  and  flexural),  200. 

4.  Compretsiye  Strength  of  Mortars  and  Cottcretes 

Tha  Compresava  Strength  of  Lima  Mortar.  The  crushing  strength  of 
common  lime  mortar,  six  months  old  and  composed  of  i  part  lime  to  6  parts 
sand  by  meastue,  varies  from  150  to  300  lb  per  sq  in  or  from  ro.8  to  21.6  tons 
per  sq  ft.  Lime  mortar  alone  should  never  be  used  where  any  but  moderate 
loads  are  to  bear  upon  the  work,  nor  where  the  full  loading  is  to  be  applied  before 
the  mortar  has  had  time  to  harden. 

*  The  values  in  all  cases  are  as  follows:  weight,  in  lb  per  cu  fl;  itraigth,  oMKhiks  of 
rupture  and  modulus  of  elasticity,  in  lb  per  sq  In. 

t  American  Civil  Eaglneen'  Pocket  Book  (19x2),  page  357. 

i  Civil  Engineers'  Pocket-Book  (19x3),  page  511. 

f  American  Civil  Engineers'  Pocket  Book  (1913),  page  575. 
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TiM  CoBipreislTe  Strength  ot  N«tiiral*C«in«iC  Mortar.  The  cniabinff 
strength*  of  natural-cement  mortar,  neat,  avenged,  for  7  days,  aoio;  for 
:£day»,a689;  for  3  months,  3  646;  and  for  6  months,  5  oj  3  lb  per  sq  in.  When 
Biixed  with  2  parts  of  standard  quartz  sand,  the  mortar  averaged  in  crushing 
strength,  for  7  days,  940;  for  2S  days,  i  390;  for  3  months,  i  730;  and  for 
$  months,  a  oia  lb  per  sq  In.  For  2  years,  an  additional  Increase  of  iS%  and 
(%  may  be  assumed  for  the  neat  and  sanded  mortars,  respectivdy,  of  natural 
cement. 

The  CompretaiTO  Strangth  of  Portiimd-Camant  ISortar.  The  crushing 
strength  *  of  Portland-cement  mortar,  neat,  averaged,  for  7  days,  5  9x5;  for 
iS  days,  7  <Hi:  for  3  months,  7  347;  and  for  6  months,  9  760  lb  per  sq  in. 
Wben  mixed  with  3  parts  of  standard  quartz  sand,  the  mortar  averaged,  in 
tHfihing  strength,  for  7  days,  941;  for  28  dajrs,  i  290;  for  3  months,  i  490; 
2£d  for  6  months,  i  599  lb  per  sq  In.  When  mixed  with  3  parts  of  Ottawa  sand, 
*Jx  mortar  averaged,  in  cnkhing  strength,  for  7  days,  1 199;  for  a8  days,  i  796; 
br  3  months,  i  887;  and  for  6  months,  a  181  lb  per  sq  in.  For  3  years,  an 
liditioDal  increase  <^  about  16%  and  18%  may  be  assumed  for  the  neat  and 
suded  mortafs,  zopectively,  of  Portland  cement. 

Rdatloii  of  Compreaaiye  to  Tensile  Strength  of  Mortars.  While  it 
Buy  be  stated  as  a  very  general  guide  that  the  compressive  strength  of  hy-* 
^ohc-cement  mortars  is  from  six  to  ten  times  the  tensile  strengthi  these  ratios 
IK  v-ariable  and  cannot  be  used  as  a  reliable  basis  for  calculations.  The  tenulo 
?titfigth  of  Portland-Aement  mortars,  under  normal  conditions,  increases 
npidly  during  the  first  few  days,  the  rate  of  change  gradually  falling  o£f.  In 
:  days  the  tensile  strength  is  generally  from  one-half  to  two-thirds  of  the  idti- 
B3te  strength,  which  b  practically  reached  in  2  or  3  months.  The  compressive 
strength,  however,  continues  to  increase  with  age  and  the  rate  of  increase  varies 
KcordiBg  to  a  somewhat  different  law. 

The  Compressive  Strength  of  Conerete.  There  are  many  reasons  for 
t^  variations  in  the  values  of  the  compressive  strength  of  concrete  and  the 
Hndpal  factors  are  (i)  the  quality  of  the  cement,  (2)  the  size  and  character 
c4  the  aggregates,  (3)  the  quantity  of  the  cement  to  a  unit  volume  of  the  con- 
crete, (4)  the  manner  of  mixing,  (5)  the  density  of  the  mixture,  (6)  the  condi- 
tion under  which  it  seasons,  and  (7)  Its  age;  and  of  these  various  conditions 
aSecting  the  determination  of  the  compressive  strength  the  most  important 
are  gBocially  the  proportions  of  the  diffemt  ingndieBts  of  the  mixture  and  its 
1^  Although  taUss  ol  avenge  values  of  ultimate  crushing  stfeogths  of  eon* 
Crete  are  published  and  are  of  general  value,  they  may  be  misleading  unless 
ccosidcsed  with  caution.  In  important  operations  it  is  advisable  to  have  the 
toxTtte  tested  and  to  adjust  by  trial  the  character  and  proportions  of  the  in- 
pedients  until  the  requiied  strength  b  obtained. 

Ponn  of  Specimen  for  Compression-Tests.  For  compression-tests  of 
r.iacrete  in  general,  4  to  12-in  cubes  of  the  mixture  have  been  the  standard 
forms  of  test-specimens;  but  since  the  advent  of  reinforccd-concrete  construc- 
tion and  the  growth  of  the  importance  of  determining  the  elastic  properties  of 
concrete,  it  has  been  found  that  a  cylindrical  test-specimen  gives  more  definite 
results  than  a  cube.  A  common  shape  of  such  cylinder  is  one  in  which  the 
height  is  about  three  times  the  diameter,  and  the  cylinders  are  not  less  than 
6  by  18  in.  It  is  found  that  the  compressive  strengths  of  these  cylinders  of 
amcrete  are  from  10  to  15%  leas  than  those  of  the  cubes,  but  for  cylinders  of 

*  Fram  oompRfliion-tasU  made  by  W.  P.  Taylor  on  cylindrical  tpccimens  z  in  in  height, 
aboot  zH  ia  ia  diasBster  sod  1  sq  ia  in  dosMKcUen. 
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still  greater  slendemess  the  compressive  strengths  remain  about  constant  for 
heights  up  to  about  seven  diameters. 

Compression-Tests  on  Concrete  Cubes.  From  some  tests  made  in  189Q 
for  the  Boston  Elevated  Railway  Company  at  the  Watertown  Arsenal,  on  1 2-m 
cubes  of  concrete  made  with  five  brands  of  Portland  cement,  coarse,  sharp 
sand  and  broken  stone  up  to  2^i-in  size,  having  49.5%  voids,  the  following 
average  values  of  the  compressive  strengths  were  obtained: 

TaUe  Zn.    Compression-Tests  on  Concrete  Cnbes 


Mixtures 

7  days 
lb  per  sq  in 

I  month 
lb  per  sq  in 

3  months 
lb  per  sq  in 

6  months 
lb  per  sq  in 

1  :a:4 
1:3:6 

1560 
I  310 

2400 
2160 

2900 

2  520 

3820 
3090 

Compression-Tests  on  Concrete-Cylinders.  For  cylindrical  test-sped- 
mens  of  concrete,  made  under  reasonably  good  conditions  as  to  character  of 
materials  and  care  in  mixing,  an  average  compressive  strength  of  about  2  000 
lb  per  sq  in  is  usually  developed  in  a  i  :  2  :  4  Portland-cement  concrete  in  from 
I  to  2  months;  and  of  about  i  600  lb  per  sq  in  in  a  i  :  3  :  6  mixture.  When 
the  conditions  are  unusually  favorable  somewhat  higher  values  than  these  are 
obtained,  but  when  the  materials  and  workmanship  are  poor  the  ultimate  com- 
pressive stresses  are  lower. 

Increase  in  Compressive  Strength  of  Portland-Cement  Concrete.  In 
regard  to  the  increase  of  compressive  strength  of  Portland-cement  concrete 
with  age,  tests  show  that  the  ultimate  compressive  strength  is  nearly  reached  in 
60  days,  at  which  time  the  strength  varies  from  80  to  90%  of  its  value  in  i  year's 
time. 

Ultimate  Strengths  of  Natural-Cement  Concrete.  For  natural-cement^ 
concrete,  the  ultimate  compressive,  tensile  and  shearing  strengths  and  the  mod- 
ulus of  rupture  may  be  taken  at  about  one-half  the  corresponding  values  for 
Portland-cement  concrete,  imless  natural  cements  of  known  and  tested  values 
are  employed. 

Strength  of  Xlnreinforced  Concrete  Columns.  Short  concrete  columns, 
of  lengths  up  to  xo  or  15  diameters,  develop  a  crushing  strength  of  from  xo  to 


Table  Zm.    Compression-Teats  on  Unreinforced  Concrete  Cottwms 


Average  ulti- 

Kind of 

Average  age 

mate  oompres- 

sive  stress 

days 

lb  per  sq  in 

X  :  I  :  2 

60 

3600* 

i:iV4:3 

60 

2270 

I  :2:4 

60 

1600 

i:2H:s 

60 

t  200 

1:3:6 

60 

935 

i:3Vi:7 

60 

745 

1:4:8 

60 

600 

'  This  value  wss  estimated  as  it  was  beyond  the  range>of  the  tests. 
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30^  less  tban  that  for  short  prismatic  or  cylindrical  specimens.  In  Table  XUI 
tc  ihe  results  obtained  by  A.  N.  Talbot  *  on  short,  round,  unreinforced  stone- 
ooocrete  columns,  1 2  in  in  diameter  and  10  ft  in  length.  A  wet-mixture  concrete 
«as  nsed.  of  the  different  proportions  shown,  the  forms  were  removed  after 
to  days  and  the  columns  were  tested  through  60  days. 
The  values  given  in  the  table  were  deduced  from  the  straight-line  formula 

12  000 
Ultimate  compressive  strength,  lb  per  sq  in  »  t — — r-  —  400  , 

h  which  formula 

Sa  "  the  ratio  of  sand  to  cement 

St "  the  ratio  of  stone  to  cement 
For  example,  in  the  i  :  3  :  6  mixture,  Sa  "  3  and  5e  •*  6 

Cmahing  Strength  of  Concrete  Affected  by  AreA  q(  BMring  Surface. 
Pniiessor  Hoal  states  t  that  if  a  load  is  applied  over,  the  central  part,  only, 
oi  the  bearing  surface  of  a  concrete  test-specimen  in  compression,  the  unit  load 
rill  be  greater  than  if  it  is  applied  over  the  entire  surface;  and  this  is  due  to  the 
bet  that  the  outer  parts  tend  to  assist  the  inner  part  to  resist  the  stress!  This 
was  shown  by  tests  made  on  some  of  the  12-in  concrete  cubes  used  in  the  tests 
mde  for  the  Boston  Elevated  Railway  Company  and  referred  to  in  the  preced- 
es paragraphs.  Thirty-six  of  these  concrete  cubes  were  crushed  by  applying 
t!x  load  over  the  entire  upper  bearing-surface  of  144  sq  in  and  an  equal  number 
<4  amilar  concrete  cubes  were  then  crushed  by  applying  the  stress  over  a  smaller 
irca,  xo  by  xo  in,  or  100  sq  in.  After  this,  the  cub^  of  a  third  set  were  crushed 
by  the  application  of  the  stress  over  the  still  smaller  area,  8  by  8M  in,  or  66 
vj  in.  The  tests  of  the  second  set  gave  unit  crushing  strengths  i  a%  higher  than 
'J3e  first,  and  those  of  the  third  set  unit  crushing  strengths  28%  higher  than 
ie  first. 

Workiiig  Stress  for  Bearing  on  Concrete.  "When  compression  is  applied 
ta  a  surface  of  concrete  of  at  least  twice  the  loaded  area,  a  stress  of  32.5%  of 
tbe  compressive  strength  may  be  allowed.  "I 

Working  Stress  for  Axial  Compression  on  Concr^e.  ^'For  concentric 
a>mpreasaon  on  a  plain  concrete  column  or  pier,  the  length  of  whkh  does  not 
aceed  12  diameters,  22.5  %  of  the  compressive  strength  may  be  allowed."  * 
Jor  the  strength  of  reinforced-concrete  colunms,  see  Chapter  XXIV,  page  945.) 

Recommanded  Ultimate  Compressive  Strengths  of  Portland-Cement 
Ceacrete-t  Table  XIV,  of  ultimate  compressive  strengths  of  concrete  of 
«Mcfent  mixtures  gives  the  values  recommended  by  the  American  Sodety  for 
Testing  Materials,  even  though  occasional  tests  show  higher  results.  The 
valoes  given  are  recommended  as  the  maximiun  ultimate  unit  compressive 
•trengths  that  should  be  used  in  design  and  on  which  the  permissible  working 
''jiesses  should  be  based  as  a  proper  percentage  of  the  same.  The  report  referred 
t .  ^tjLtes,  also,  that  "in  selecting  the  permissible  working  stresses  to  be  allowed 
•so.  concrete,  we  should  be  guided  by  the  working  stresses  usually  allowed  for 
Cither  materials  of  construction,  so  that  all  structures  of  the  same  class,  but 
compoeed  of  different  materials,  may  have  approximately  the  same  degree  of 
^ety. "  (For  working  stresses  for  concretes,  masonry,  etc.,  see  this  chapter, 
pages  265  to  376.) 

*  See  UnivecBity  of  Illinois  Bulletin,  No.  20,  1907,  and  Engineering  News,  Sept.  «6, 
1907. 

t  See  Reinforced  Concrete  Constructioo,  Vol  I.,  page  x8,  by  George  A.  Hod. 

X  Report  of  Committee  on  Concrete  and  Reinforced  Concrete,  of  the  Ameriean  Society 
lot  Tcstiag  Matrriah,  Nov.  ao,  19x3. 
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Table  ZXT.    tJltiiiuite  Compressite  Streogtht  of  Different  Mlxtaret  of 
PorHand-Cemeat  Concretes 


Aggregates 

Mixtures 

1:1:3 

Ibpor 
sqin 

i^:iH:3 

lb  per 
sq  in 

1:3:4 

lb  per 

sqin 

i:3H:s 

lb  per 
sqin 

1:3:6 

lb  per 
•q  in 

Oranite,  trap-roclc 

3300 
3000 

3300 

loo 

3S00 

3S00 

1800 
700 

3300 

sooo 

IJOO 

600 

X800 
t6oo 

lOOO 
SOO 

I  400 

Gravel,  hard  limestone  and 
hard  sandstone  . 

I  100 

Soft  limestone  and  sand- 

itOlM ,,,.    

X  ooo 

Cinders 

400 

Iffect  of  Contitteiicy  on  the  Cnuhing  Strength  of  Coneroto.  Concre 
that  is  miaed  fairly  dry  and  tamped  until  the  moisture  is  brought  to  the  surf  ac 
develops  a  somewhat  greater  compressive  strength  than  concrete  mixed  wii 
more  water.  From  a  Urge  number  of  tests  *  average  compressive  strengths  1 
wet,  plastic  and  dry  concretes  were  determined.  The  age  of  the  concrete  wi 
X  year  and  8  months,  and  five  brands  of  cements  were  used.  The  mean  cor 
pressive  strengths  were,  for  the  wet  concrete,  2  130;  for  the  plastic,  2  20 
and  for  the  dty,  a  350  lb  per  sq  in. 

In  another  series  of  tests  t  greater  differences  appeared.  At  the  a^  of 
month  the  mean  compressive  strengths  in  pounds  per  square  inch  were,  for  tl 
wet  concrete:  granite,  3  155;  gravel,  2  300;  limestone,  4  195.  For  the  mediu 
concrete:  granite,  4090;  gravel,  5  54S;  limestone,  a  97S-  For  the  damp  co 
Crete:  granite,  4  530;  gravel,  4  6x0;  limestone,  4  565.  At  the  end  of  j  mont 
the  values  for  the  granite  aggregates  were,  for  the  wet  concrete,  4  755;  for  ti 
medium,  4  990;  and  for  the  damp,  $  445* 

Rffoot  of  Size  of  Stone  on  the  Compressiye  Strength  of  Concretes. 

may  be  stated,  generally,  that  the  use  of  stones  of  a  maximum  siae  consistcl 
with  convenience  generally  results  in  a  maximum  compressive  strength  in  t] 
concrete.  Stones  of  the  larger  sizes  are  generally  more  uniformly  graded  th; 
the  smaller  stones,  and  consequently  grade  better  with  the  sand  and  give  great 
strength.  From  tests  t  nuuie  by  W.  B .  Fuller,  the  average  compressive  streofcti 
at  140  days,  of  i  :  9  concrete,  were,  for  maximum  size  of  stone  H  in,  i  000 
per  sq  in;  for  i-in  stone,  i  150  lb  per  sq  in;  and  for  sK-in  stone,  x  400  lb  p 
■qin. 

Compftriton  of  Compressive  Strengths  of  Gravel  and  Stone  Concrete 

Concretes  made  with  broken  stone  have,  generally,  a  somewhat  greater  c*m 
pressive  strength  than  those  made  with  gravel.  From  tests  made  by  E.  Candle 
the  average  compressive  strength  at  30  and  180  days,  of  concrete  made  wi 
i^^^in  maximum -size  broken  stone,  was  30%  greater  than  that  of  concrete  ma< 
of  gravel  of  about  the  same  size,  the  percentage  of  voids  being  nearly  the  sam 
40%  voids  for  the  gravel  and  474%  voids  for  the  broken  stone.  The  avcra^ 
difference  at  13  months,  however,  was  reduced  to  9%. 

*  Made  for  O.  W.  Rafter.    Sec  "Teals  of  Metals, "  1898. 

t  Made  in  igeS.    See  Bulietin  No.  344.  United  States  Geological  Survey. 

t  See  Trans.  Am.  See.  C.  E.,  Vol.  59. 1907. 
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Effect  of  the  Strength  of  the  Aggregate  on  the  CompreMiye  Strength 
«f  Concretes.  The  compressive  strength  of  trap-rocks,  granites  and  most 
lisKstooes  is  rdativdy  so  great  that  it  cannot  reduce  the  strength  of  the  con- 
crete itself.  Some  sandstones,  however,  have  a  much  lower  average  compressive 
stzcDgth,  and  if  they  are  friable  and  soft  may  lower  relatively  the  final  strength 
cf  the  concrete.  A  concrete  el  low  strength  results  from  using  cinders  for  the 
asSTcgate 
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CHAPTER  VI 
FORCES  AND  MOMENTS 

By 
MALVERD  A.  HOWE 

PROTESSOR  OF  CIVIL  ENGINEERING,  ROSE  POLYTECHNIC  INSTITUTK 

1.  Composition  and  Resolution  of  Forces 

Composition  and  Resolution  of  Forces.  Imagine  a  round  ball  placed  on 
plane,  Crictiooleas  surface  at  A  (Fig.  1),  the  surface  being  perfectly  level,  so  th 
the  ball  has  no  tendency  to  move  until  some  for 
is  applied  to  it.  If,  now,  the  force,  P,  is  applii 
to  the  ball  in  the  direction  indicated  by  the  arro* 
the  ball  will  move  in  that  direction.  If,  instead 
one  force  only,  two  forces,  P  and  Pi.  are  applied 
the  ball,  it  will  not  move  in  the  direction  of  eitli 
of  the  forces,  but  will  move  in  the  direction  of  tl 
RESULTANT  of  these  forces,  or  in  the  direction  A 
If  the  magnitudes  of  the  forces  P  and  Pi  a 
indicated  by  the  lengths  of  the  Imes,  then,  if  \ 
^^  complete  the  parallelogram  ABDC,  the  diagon 

Pig/l.  Composition  of  Forces  ^^  represents  the  direction  and  magnitude  of 
single-  force  which  has  the  same  effect  on  the  b^ 
as  that  resulting  from  the  two  forces  P  and  Pi.  If,  in  addition  to  the  t« 
forces  P  and  Pi,  the  third  force,  Pt,  is  applied,  the  ball  will  move  in  tl 
direction  of  the  resultant  of  all  three  forces,  and  this  resultant  is  obtained  I; 
completing  the  parallelogram  ADEF,  of  which  the  resultant  DA  and  the  thii 
force  Pi  are  two  adjacent  sides.  The  diagonal  R  of  this  second 
parallelogram  is  the  resultant  of  all  three  forces,  and  the  ball 
will  move  in  the  direction  Ae.  In  the  same  way  the  resultant 
of  any  number  of  forces  may  be  found.  Again,  suppose  a 
ball,  whose  weight  is  indicated  by  the  length  of  the  line  W 
(Fig.  2),  is  suspended  by  two  inclined  cords.  What  are  the 
magnitudes  of  the  pulls  or  stresses  which  are  developed  in  the 
cords  and  which  keep  the  ball  suspended  at  the  point  ^4? 
This  is  the  converse  of  the  last  case.  Instead  of  finding  the 
diagonal  or  the  resultant,  the  diagonal,  which  is  the  line  W,  is 
given,  and  the  sides  of  the  parallelogram  are  to  be  found.  To 
find  these  the  lines  representing  the  directions  of  P  and  Pi  are  p^g,  2.  Resell 
prolonged  and  from  B  lines  parallel  to  them  are  drawn  to  tionof  Force* 
complete  the  parallelogram.  Then  CA  is  the  required  mag- 
nitude of  the  stress  in  cord  P,  and  EC  of  that  in  cord  Pi.  Thus  one  force  ma 
have  the  same  effect  as  many,  or  many  the  same  effect  as  one. 

Forces  Represented  by  Straight  Lines.  In  considering  the  action  of  force 
it  is  convenient  to  represent  them  graphically  by  straight  lines  with  arro^ 
heads,  as  in  Fig.  3.  The  length  of  the  line,  if  drawn  to  a  scale  of  pounds,  rcpr^ 
sents  the  magnitude  op  toe  porce  in  pounds;  the  position  of  the  line  indicaM 
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T^  S.    Force  Repiesented 
by  a  Straight  Line 


Paralldogram  of 
Forces 


its  inss  OfF  AcnoM;  the  arrow-head  indicates  its  sekse  or  the  direction  in  which 

'$  acts;   and  the  point  A  its  point  op  appucatxon.     Thus  the  magnitude, 
direction  and  point  of  appli- 
cation are  indicated  and  the 
force   is   completely   repre- 
sented. 

Pgrallelognuii  of  ForcM, 
If  two  forces  applied  at  one 
point  are  represented  in  mag- 
nitude and  direction  by  two 

itiv^t  lines  inclined  to  each  other,  their  resultant  is  the  diagonal  of  the 

pAiALLEix>GRAK  formed  on  those  lines.     Thus»  if  the  lines  AB  and  AC  (Fig.  4) 

jcpresent  two  forces  acting  at  a  point  A,  to  find  the  force  which  will  have  the 

saie  effect  as  the  two  forces,  the  paiallelogram 

ABDC  is  completed  and  the  diagonal  AD  drawn. 

!&  line  represents  the  kesultant  of  the  two 

iBRSs..     When  the  two  given  forces  act  at  right- 

a^  to  each  other,  the  magnitude  of  the  resultant 

b  equal  to  the  square  root  of  the  sum  of  the 

squares  ol  the  magnitudes  of  the  other  two  forces. 
Ttiaii|^«  of  Forces.    If  three  forces  acting  at 

8  point  are  represented  in  magnitude  and  direction 

h  the  sides  of  a  tuangle  taken  in  order,  they  are 

h  equilibrium.    Let  P,  Q  and  R  (Fig.  6)  represent 

*3Ge  forces  acting  at  the  point  0.    If  a  triangle 

>»  be  drawn,  like  that  shown  at  the  right  in  Fig. 

i  laving  sides  respectivdy  parallel  to  the  direc-     pig,  g     Triangle  of  Forces 

tioasof  the  forces  and  taken  in  the  same  order, 

tfe  forces  are  in  equilibrium.    If  such  a  triangle  cannot  be  drawn,  the  forces 

ce  not  in  equilibrium. 
The  VcHjgion.  of  Forces.    If  any  number  of  forces  acting  at  a  pobt  can 

be  represented  in  magnitude  and  direction  by  the  sides  of  a  polygon  taken 


k  order,  they  are  in  equilibrium, 
tktxcm. 


This  follows  directly  from  the  preceding 


Z,  Homitats  of  Forces 

In  considering  the  stability  of  structures  and  the  strength  of 
cBterials.  we  are  often  obliged  to  take  into  consideration  the  moments  of 
the  forces  acting  on  a  structure  or  on  some  part  of  a  structure;  and  a  knowledge 
of  the  general  principles  op  moments  is  essential  to  the 
proper  understanding  of  these  subjects.  When  we  speak  of 
the  moment  op  a  porce,  we  must  have  in  mind  some  fixed 
point  or  line  with  respect  to  which  the  moment  is  taken. 
The  moment  of  a  force  with  respect  to  any  given  point,  or 
center  op  moments,  is  the  product  of  the  magnitude  of 
the  force  and  the  perpendicular  distance  from  the  point  to 
the  LINE  OP  action  of  the  force;  or,  in  other  words,  the  mo- 
ment of  a  force  is  the  product  of  the  magnitude  of  the  force  by 
the  ARK  with  which  it  acts.  Thus  if  we  have  the  force  P  (Fig.  6).  and  wish  to 
d^enniiie  its  moment  with  respect  to  the  point  P,  we  determine  the  per- 
pendicular distance  Pa,  between  the  point  and  the  line  of  action  of  the  force, 
and  muhspfy  it  by  the  magnitude  of  the  force.    For  example,  if  ^  magnitude 
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Fig.  7. 


Algebraic  Sum  of  Unlike 
PanUclFocces 


of  the  Uxc&  F  it  500  ib  and  the  distance  Pa  is  a  in,  the  moouDt  of  the  force 

with  TCipect  to  the  point  P  it  soo  Ib  x  a  in  »  i  oooin-lb.*  ^ 

Parillel  Forces.    If  any  body  is  in  a  state  of  rest  or  equilibrium  under  the 

action  of  parallel  forces,  the  sum  of  the  forces  acting  in  one  direction  equals  the 

sum  of  the  forces  acting  in*,  the  opposite 
direction.  Thus  if  we  have  the  paralld 
foroes  PK  P*»  P*  and  P*  acting  on  the  rod 
AB  (Fig.  7),  in  a  direction  opposite  to  that 
of  the  forces  Pi,  Pi  and  Pm,  then,  if  the  rod 
is  in  equiUbrium*  the  sum  of  the  forces  P^, 
P>,  P*  and  P*  must  equal  the  sum  of  the 
force*  Pu  Pt  and  Pu 

Parallel  Porcas  Oppoaita  in  Charaet«r. 
If  any  number  of  paralld  forces,  not  ail 
acting  in  the  same  direction,  act  on  a  body, 
if  the  body  is  in  equilibrium,  the  sum  of  the 
moments  of  the  forces  tending  to  turn  the 
body  in  one  direction  about  any  given 
point  is  equal  to  the  sum  of  the  moments  of  the  forces  tending  to  turn  it  in 
the  opposite  direction.  Let  Pi,  Ft  and  Ft  (Fig.  8)  represent  three  parallel 
forces  acting  on  the  rod  i4B.  II  the  rod  is  in  equilibrium,  the  sum  of  the 
forces  Ft  and  Ft  i%  equal  to  Pi.  Also,  if  we 
take  the  end  of  the  rod,  A,  for  the  center  of 
moments^  the  moment  of  Pi  is  equal  to  the  sum 
of  the  moments  of  Ft  and  Pa  about  that  point, 
because  the  moment  of  Pi  measures  the  tend* 
ency  to  turn  the  rod  ci.ockwisb,  and  the  sum 
of  the  moments  of  Ft  and  Ft  measure  the  tend- 
ency to  torn  the  rod  comtsa-cuxxwisi,  and 
there  is  no  more  tendency  to  turn  the  rod  one 
way  than  the  other.  For  example,  let  the  mag- 
nitude of  foroes  Pt,  Pi  each  be  represented  by  $ 
force-units,  the  dbtance  ^a  by  a  length-units 
and  the  distance  AB  by  4  length-units.  The 
magnitude  of  the  force  Pi  must  equal  the  sum 
of  the  magnitudes  of  the  forces  Ft  and  Pi,  or  10  force-units,  and  its  moment 
with  respect  to  any  point  in  the  plane  of  the  forces  must  equal  the  sum 
of  the  moments  of  Ft  and  Pa  with  respect  to  the  lame  point.  If  we  take  A  as 
the  center  of  moments,  the  moment  of  Pi  ^  5  x  a  «  10,  and  of  Pi  •  5  x  4  *  20. 
Their  sum  equals  30;  hence  the  moment  of  Pi  must  be  30.  Dividing  the  mo- 
ment 30  by  the  force  Pi  ^  10  force-units,  we  have  for  the  arm,  3  length-units;  or 
the  force  Pt  must  act  at  a  distance  of  3  units  from  A  to  keep  the  rod  in  equilib- 
rium. If  we  take  k  as  the  center  of  moments,  the  force  Pi  has  no  moment,  as 
the  length  of  its  lever-arm  a  lero;  and,  for  equilibrium,  the  moment  of  Ft  about 
b  must  equal  the  moment  of  Pa  about  the  same  point;  or,  as  in  this  case  the 
magnitudes  of  the  forces  Ps  and  Pi  are  equal,  they  must  both  be  applied  at  the 
same  distance  from  b,  showing  that  b  must  be  half-way  between  a  and  B,  as  was 
demonstrated  before. 

Thraa  Parallel  Poreat.  itu  ranscipu:  or  the  levss.  This  principle  is 
based  upon  the  two  preceding  propositions  and  is  of  great  importanos  and  con- 

*  The  expressions  pound-fkst  and  vovmy-THoas  are  often  given  to  these  products 
to  dbtiaguish  them  from  foot-pounds  and  mcw-pomms,  by  whidi  woaa  aad  awsftOY 
ai«  meaaund. 


Fig.  8.    Algebraic  Sum  of  Mo- 
ments of  Unlike  Parallel  Forces 
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If  a  body  is  (n  equilibrium  under  the  actioh  of  thre^  panJlel  forced 
acting  in  the  same  plane,  eadi  force  is  proportional  to  the  normal  distsmce  be- 
tween the  other  two.    Thus»  if,  as  in  Figs.  9, 10  and  11,  three  forces,  Pi,  Pt  and 


Pi 
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Fib.  0.    Principle  ci  the  Lever 


Fig.  10.    Principle  of  the  Lever 


> 


Pi 


Ft.  act  on  the  rod  i4B,  in  order  that  it  may  be  in  equilibrium,  the  following 
rrfations  must  obtain  between  the  magnitudes  of  the  forces  and  the  distances 
between  their  joints  of  application; 

CB'AB'AC 

w  Pi:Pi:Pt::CB:AB:AC 

Tins  is  the  case  of  the  common  leves  and  shows  the  method  of  determining 
That  wcagbt  a  given  lever  will  raise.  The  proportion  is  also  true  for  any  ar- 
ftogemeot  of  the  forces  (as  shown  in  Figs.  9,  10  and  11),  provided,  of  course, 
tbe  forces  are  lettered  in  the  order  shown  in  the 
igona. 

For  example,  let  the  distance  ilC  be  6  in  and  the 
fetance  CB  be  i3  in.  If  a  weight  of  500  lb  is 
applied  at  the  point  B,  how  much  will  it  raise  at 
tbe  other  end  and  what  support  will  be  required  at 
C{F«.  10)? 

Applying  the  tufe  just  given,  we  have  the  pro- 
portion: 

Fi  :  Pi  ::  AC :  CB    or    500 :  Pi ::  6  :  la 

Heaoe  Pi*  i  000  lb;  or  500  lb  applied  at  B  will    Fig.U.  Principle  of  the  Leve^ 

lift  X  000  lb  resting  on  or  suspended  at  A.     The 

sQpporting   force  at  C  must,   by  the   principles  of   parallel  forces   in 

EgtiuBsiuic,  be  equal  to  the  sum  of  the  forces  Pi  and  P^  or  i  500  lb  in 

tUsofle. 

tk  Cttsfeet  of  Gnvity 

Gensral  Principles.  The  lines  of  action  of  the  force  of  gravity  converge 
towards  the  center  of  the  earthy  but  the  distance  of  the  center  of  the  earth  iMm 
the  bocfies  which  we  have  oocasbn  to  consider,  compared  with  the  sise  of  those 
bodies,  is  so  great,  that  we  may  consider  the  Imes  of  action  of  the  forces  U 
paraOd.  The  number  of  the  forces  of  gravity  acting  upon  a  body  may  be  oon- 
sidered  as  equal  to  the  number  of  particles  composing  the  body.  The  center  or 
ciAvnY  of  a  body  may  be  defined  as  the  point  through  which  the  resultant  ot 
the  psiaOel  forces  of  gravity,  acUng  upon  thle  body,  passes  for  every  position 
of  the  body.    If  a  body  is  supported  at  its  center  ol  gravity  and  turned  about 
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that  point,  it  wiU  remam  in  equilibrium  in  all  positions.  The  resultant  of  the 
parallel  forces  of  gravity  acting  upon  a  body  is  obviously  equal  to  the  weiget 
OF  THE  body;  and  if  a  force,  equal  in  magnitude  to  the  resultant,  is  applied, 
acting  in  a  line  passing  through  the  center  of  gravity  of  the  body,  and  in  a 
direction  opposite'  to  that  of  the  resultant,  the  body  will  be  in  equilibritun. 

Center  of  GmTity  of  a  Straight  Line.  The  word  line  here  means  a 
material  line  whose  transverse  section  is  very  small,  such  as  a  very  fine  wire. 
The  center  of  gravity  of  a  straight  line  or  rod  of  uniform  sixe  and  material  is 
at  its  middle  point.  •  This  proposition  is  too  evident  to  require  demonstratioD. 

The  Center  of  Gimvity  of  the  Perimeter  of  a  Trian^e  is  at  the  center 
of  the  drde  inscribed  in  the  triangle  formed  by  the  lines  joining  the  middle 
points  of  the  sides  of  the  given  triangle.  Thus, 
let  ABC  (Fig.  12)  be  the  given  triani^e.  To  find 
the  center  of  gravity  of  its  perimeter,  find  the 
middle  pomts,  A  E  and  P,  and  oonnect  them  by 
straight  lines.  The  center  of  the  drde  inscribed 
in  the  triangle  formed  by  these  lines  will  be  the 
center  of  gravity  sought 

F  Center  of  Gravity  of  Symmetrical  lines. 

Fig.  12.    Center  of  Grtivity  of   The  center  of  gravity  of  a  line  which  is  sym- 
Perimeter  of  Triangle  metrical  with  reference  to  a  point  is  at  that 

point.  Thus  the  center  of  gravity  oi  the  cir- 
cumference of  a  drde  or  of  an  ellipse  is  at  the  geometrical  center  of  the  figures. 
The  center  of  gravity  of  the  perimeter  of  an  equilateral  triangle,  or  of  a 
regular  polygon,  is  at  the  center  of  the  mscribed  drde.  The  center  of  gravity  of 
the  perimeter  of  a  square,  rectangle,  or  parallelo^am  is  at  the  intersection  of 
the  diagonals  of  those  figures. 

Center  of  Gmvity  of  a  Sorf  ace.  A  surface  here  means  a  very  thm  plate 
or  shell.  If  a  surface  can  be  divided  by  a  line  into  two  symmetrical  halves,  the 
center  of  gravity  will  be  on  that  line;  if  it  can  thus  be  divided  by  two  lines,  the 
center  of  gravity  will  be  at  their  intersection. 

Center  of  Gravity  of  Regular  FIgnrei.  The  center  of  gravity  of  the  sur- 
face of  a  drde  or  an  ellipse  is  at  the  geometrical  center  of  the  figure;  of  an 
equilateral  triangle  or  regular  polygon,  at  the  center  of  the  inscribed  drde;  of 
a  parallelogram,  at  the  intersection  of  the  diagonals;  of  the  surface  of  a  sphere, 
or  of  an  ellipsoid  of  revolution,  at  the  geometrical  center  of  the  body;  and  of 
the  convex  surface  of  a  right  cylinder,  at  the  middle  point  of  the  axis  of  the 
cylinder. 

Center  of  Gravity  of  Irregular  Figurea.  Any  figure  bounded  by  straight 
lines  may  be  divided  into  rectangles  and  triangles,  and,  the  center  of  gravity 
of  each  part  being  found,  the  center  of  gravity  of  the  whole  figure  may  be  deter- 
mined by  treating  the  centers  of  gravity  of  the  separate  parts  as  partides  whose 
weights  are  proportional  to  the  areas  of  the  parts  they  represent. 

Center  of  Gravity  of  Trianglee.  To  find  the  center  of  gravity  of  a  tri- 
angle, draw  a  line  from  each  of  two  angles  to  the  middle  of  the  opposite  side. 
The  intersection  of  the  two  lines  is  the  center  of  gravity. 

Center  of  Gravity  of  Quadrilateralt.  To  find  the  center  of  gravity  of  any 
quadrilateral,  draw  the  diagonals,  and  from  that  end  of  each  diagonal  which  is 
farthest  from  the  intersection,  lay  off,  toward  the  intersection,  the  lenj^th  of 
its  shorter  segment.    The  two  points  thus  formed,  together  with  the  point  of 
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iotcnectioa,  will  form  a  triangle  whose  center  of  gravity  is  that  of  the  quad- 

ribteraL    Thus»  let  Fig.  13  be  a  quadri- 

hterai  whose  center  of  gravity  is  to  be 

ioimd.    Draw  the  diagonals  AD  and  BC, 

sad  from  A  lay  off  i4F  -  DE,  and  from  B 

Uy  off  BH  -  C£.    From  E  draw  a  line  to 

the  middle  of  PH^  and  from  F  a  line  to  the 

Biiddle  of  EB.    The  point  of  intersection 

of  these  two  lines  is  the  center  of  gravity 

of  the   quadrilateral.    This   is  a  method 

Gommonly  used  for  finding  the  centers  of 

pavity  of  the  voussoirs  of  an  arch. 

Table  of  Conten  of  Gravity.    Let  a 
be  a  line  drawn  from  the  vertex  ol  a  figure 
to  the  middle  point  of  the  base,  and  D  the  distance  from  the  vertex  to  the  center 
cf  gravity  of  the  figure.    Then  (Fig.  14): 


Center    of    Giavity 
QuadriUteral 


In  an  isosceles  triangle D^^a 

chord' 
In  a  segment  of  a  circle,  vertex  at  center  of  circle    D 


2  X  chord 

In  a  sector  of  a  circle,  vertex  at  center  of  drde  D  -  J?  x 

In  a  scmidrde,  vertex  at  center  of  circle Z>  -  —  -  0.4244  J? 

In  a  quadrant  of  a  drcle D^^R 

In  a  semiellipse,  vertex  at  center  of  cirde D-  0.4244  a 

In  a  parabola,  vertex  at  intersection  of  axis 

with  curve D^%a 

In  a  cone  or  pyramid D^^^a 


Ttg.  14.    Center  of  Gravity  of  Triangle,  Segment  and  Sector 


h  a  frustum  of  a  cone  or  pyramid,  let  ib  -  the  height  of  the  complete  cone  or 
pyramid.  An  -•  the  height  of  the  frustum,  and  let 


e- 


W 


the  vertex  be  at  the  apex  of  the  complete  cone 
or  pyramid;  then. 


r 


£) 


Z)- 


4(M-Ai») 


P  w 

F«.  IS.    Center  of  Gravity  of 
Two  Heavy  Particles 


Contor  of  Gravity  of  Two  Hottvy  Pttrtldof. 

Let  P  be  the  weight  of  a  particle  at  A  (Fig.  16), 
and  W  that  of  a  particle  at  C.  The  center  of 
gravity  is  at  some  point,  B,  on  the  line  joining  A 
and  C.  The  point  B  must  be  so  situated  that  if  the  two  particles  were  held 
together  by  a  stiff  wire  and  supported  at  B  by  a  force  equal  in  magnitude  to 
the  sum  of  P  and  W  they  woukl  be  hi  equilibrium.    The  problem  then  ia 
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solved  by  thf  rtmfciPLE  or  ths  ucver,  and  we  have  the  proportion  (see 
Three  Parallel  Forces.    The  Principle  of  the  Lever), 

P+W:'P::AC:  BC 
PxAC 


BC» 


P+W 


Ftg.  16.     Center  of  Gravity 
of  Several  Heavy  Particles 


If  FT  -  P,  then  BC  «  AB,  or  the  center  of  gravity  will  be  half-way  between  the 
two  particles.  This  problem  is  of  great  importance  and  has  many  practical 
i4>plicatioas. 

Center  of  Gravity  of  Sevaral  Heavy  Partidoa.  Let  Wi,  W%  Wt,  Wa 
and  Wk  (Fig.  16)  he  the  weighu  qf  the  particles.  Join  W\  and  Wt  by  a  straight 
line  and  find  their  center  of  gravity  ^4,  as  In  the 
preceding  problem.  Join  A  with  Wt  and  find  the 
center  of  gravity  B,  which  will  be  the  center  of 
gravity  of  the  three  weic^ts  Wu  Wt,  Wt.  Proceed 
in  the  same  way  with  each  weight.  The  last  center 
of  gravity  found  will  be  the  center  of  gravity  of  all 
the  partides.  In  both  of  these  cases  the  lines  joining 
the  particles  are  supposed  to  be  horizontal  lines,  or 
else  the  horizontal  projections  of  the  straight  lines 
which  join  the  points. 

Center  of  Gravity  of  Compound  Sectiona 
Found  by  Momenta.  To  determine  the  sUength 
of  a  beam  having  an  unsymmetricai  cross-section,  it 
is  first  necessary  to  determine  the  distance  of  the  center  of  gravity  of  this  section 
from  the  upper  or  lower  surface  of  the  beam.  Various  other  computations, 
also,  involve  finding  the  center  of  gravity  of  an  irregular  figure,  so  that  the 
problem  is  one  of  practical  importance.  If  the  figure  of  which  the  center  of 
gravity  is  to  be  found  can  be  divided  into  parts  whidi  are  themselves  regular 
figiu-es,  the  readiest  and  simplest  method  of  finding  the  distance  of  the  center 
of  gravity  from  one  edge  of  the  section  is  by 
means  of  moments.  To  explain  this  method 
assiune  a  T-shaped  section  of  uniform  tiiick- 
ness,  hinged  on  a  wire  XX,  as  in  Fig.  17. 
The  T  section  is  made  up  of  two  rectangles^ 
one  forming  the  flange,  the  other  the  web. 
The  center  of  gravity  of  each  rectangle  is  at 
its  own  center  of  figure  and  may  be  readily 
found.  If  the  T  section  is  placed  horizon- 
tally, as  in  the  figure,  the  axis  XX  being 
fixed,  it  will  immediately,  by  the  force  of 
gravity,  revolve  about  the  axis  until  it  be- 
comes vertical,  and  the  Sum  of  the  moments  Fig.  17.  Center  of  Oravity  of 
of  the  forces  causing  the  revolution  is  Compound  Sections  by  Moments 
A'  Xd*-^A"  Xd",    A'    representing    the 

W«iaht  of  the  web  and  A"  the  weight  of  the  flange.  To  hold  the  T  section 
in  a  horizontal  position,  there  must  be  a  mommt  of  some  force  acting  in  an 
opposite,  or  upward,  vertical  direction  and  just  equal  to  the  sum  of  the 
two  moments  causing  revolution  downwards.  If  the  force  A,  of  this  moment, 
tending  to  cause  revolution  upward,  is  equal  to  the  weight  of  tlie  entire  T  sec- 
tion, it  must  be  applied  at  the  center  of  gravity  of  the  entire  figure  to  make  its 
moment  juat  equal  to  the  sum  of  tiie  moments  of  the  two  downward  forces. 
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But  the  moment  of  A  is  ^  X^*  therefore  (I  is  the  disUncse  from  the  codof  the  web. 
or  from  the  axis  XX,  to  the  center  of  gravity  of  the  entire  figure.  Therefore^ 
aaatAxd'A'xd'  +  A"xd", 


d^ 


A*Xd'-{-A"xd" 


(I) 


'^^' 


^ 


As  the  wdght  of  any  homogeneous  material  of  uniform  thickness  is  proportional 
to  the  area.  A,  A'  and  A"  may  be  used  to  represent  areas  as  well  as  weights. 
Expreasiiig  formula  (x)  as  a  rule,  we  have: 

Center  of  Grmyity  of  Compound  FlgnrM.  The  distance  of  the  center  of 
gravity  of  a  compound  figure  from  any  lioe  of  reference  b  equal  to  the  sum  of 
tbe  products,  obtained  by  multiplying  the  area  of  each  of  the  sfanple  parts  into 
vhidi  the  compound  figure  is  divided  by  the  distances  ot  its  center  of  gravity 
fnm  the  line  of  reference, 
divided  by  the  area  of  the 
entire  figure.  This  rule  ap- 
plies to  any  compound  figure. 
Bzunple  I.  Assume  that 
the  T  section  shown  in  Fig. 
17  has  the  dimensions  in- 
dicated. Then  A*  equals  6, 
A  "  equals  8,  and  A  equals  14 
sq  in;  and  d'  equals  3  and  d" 
equab  6^  in.  The  sum  of 
the  products  of  ^4'  by  d'  and 
A"  by  d"  is  18  +  5a  or  70  sq  in  X  in,  and  this  divided  by  14  sq  m,  the  area 
01  the  entire  figure,  gives  5  in  for  the  dbtance  d.  The  distance  d  of  the  center 
ci  gr&vity  from  the  top  of  the  webs,  in  each  of  the  figures  shown  in  Fig.  20, 
ia  found  by  the  following  formula: 


3- 


Rk.  18.  Center  of  Grav. 
ity  of  Tees.  Angles, 
Chaaneb,  etc 


o 

Fig.  19.  Center  of  Grav- 
ity of  Irregular  I  Sec- 
tion 


d^ 


area  of  the  web  or  webs  x  d'/2  +  area  of  flange  x  d" 
area  of  the  web  or  webs  +  area  of  flange 


(2) 


For  a  section  like  that  shown  in  Fig.  18,  in  which  A',  A"  and  A'"  represent  the 
iieas  ci  the  respective  rectangles,-  the  dbtanoe  d  of  the  center  of  gravity  from 
tbe  top  may  be  found  by  the  formula 


<i- 


A'xd'-^A"xd"-^A"'xd" 
A'-{-A"-{-A"' 


(3) 


I  XL    To  show  the  application  of  the  rule  for  finding  the  center  of 
cravity  of  compound  figures,  take  the  one  shown  in  Fig.  19.    The  dbtance  d 
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Fig.  20.    Center  of  Gravity  of  Irregular  Figures 

of  the  center  of  gravity  of  the  entire  figure  from  the  vertex  O  b  found  as  follows: 
The  area  of  the  triangle  is  36  sq  in  and  of  the  semicircle  56.5  &q  in.  From  the 
TaUe  of  Centers  of  Gravity  (page  293)  the  dbtanoe  of  the  center  of  gravity  of 
u  bosodes  txiangle  from  the  vertex  b  two-thirds  its  height,  which  pves  4  in  as 
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the  value  for  d*.  The  center  of  gravity  for  a  semidrde  is  04244  R  from 
base,  so  that  d"  equals  8.54  in.    Then, 

.     36x44-56-5x8.54      -^^5^ 
d r-; — 6.77  in 

36  +  56.5 

This  method  of  finding  the  center  of  gravity  b  similar  to  that  e3q;>laine^ 
Chapter  IX  for  finding  the  supporting  forces  or  reactions.  In  the  latter  o 
however,  the  problem  is  to  find  the  balancing  forces  instead  of  the  lever-armi 
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CHAPTER  Vn 
STABILITT  OF  PIEES  AND  BUTTBESSBS 

By 
GRENVILLE  TEMPLE  SNELLING 

MSMBER  OF  AMSKICAN  INSIITUTE  OV  AECHITECTS 

Modumical  PrindplM.    A  pier  or  buttress  may  be  considered  stable  when 
the  forces  acting  upon  it  do  not  cause  it  to  rotate  or  tip  over  nor  cause  any 
Gomse  of  masonry  to  slide  on  its  bed;  some  parts,  however,  of  the  masoniy  may 
be  crushed.    When  a  pier  sustains  a  vertical  load  only,  it  might  be  cou- 
riered STABLE,  but  it  might  not  have  sufficient  strength.    It  is  only  when  the 
pier  receives  a  thrust,  as  from  a  rafter  or  an  arch,  that  its  stability  must  be  coq- 
sdered.     In  order  that  there  may  be  no  rotation, 
the  MOMENT  or  the  thrust  (Chapter  VI)  against 
the  pier  about  any  point  in  its  outside  edge  must 
not  exceed  the  moment  ov  the  weight  of  the 
pier  about  the  same  point 

To  illustrate  let  us  conader  the  pier  shown  in 
F%.  1.  Let  us  suppose  that  this  pier  receives  the 
kot  of  a  rafter  which  exerts  a  thrust  T  m  the 
£recti(m  AB,  The  tendency  of  this  thrust  is  to 
cause  the  pier  to  rotate  about  the  outer  edge  bi, 
acd  the  moment  oe  the  thrust  about  this  point, 
vfaidi  is  the  measure  of  this  tendency  to  rotate, 
ii  r  X  a'bi,  a'bi  being  the  lever-arm  of  the  moment.       pig.  1.    Pier  with  Thrust 

Fo?  UNSTABLE  EQUILIBRIUM,  OUly,  the  MOMENT  OE 

IBS  WEIGST  of  the  pier  about  the  same  edge  must  just  equal  T  X  a%.    The 
Rsoltant  force  representing  the  weight  of  the  pier  acts  vertically  through  its 
center  of  gravity  which  m  this  case  b  equidistant  from  its  sides;  and  its  lever- 
arm  b  bic,  or  one-half  its  thickness. 
Hence,  for  equilibrium  of  moments,  we  must  have  the  equation 
Txa'bi'Wxbic 

But  in  this  condition  the  least  additional  thrust,  or  the  crushing  of  the  outer 
edge,  will  cause  the  pier  to  rotate;  hence,  for  safety,  we  must  use  some  yactor 
or  SATETT.  This  is  sometimes  done  by  making  the  moment  of  the  weight  equal 
to  that  of  the  thrust  when  referred  to  a  point  in  the  bottom  of  the  pier,  a  cer- 
tain distaDoe  in  from  the  outer  edge.  This  distance  for  piers  or  buttresses  should 
Dot  be  less  than  one-fourth  the  thickness  of  the  pier. 

Representing  this  point  in  the  figure  by  b,  we  have  the  necessary  equation  for 
tbe  safe  stability  of  the  pier 

TXabmWXt/4 

i  being  tbe  width  of  the  pier. 

We  caanot  from  this  equation  determine  the  dimensions  of  a  pier  to  resist  a 
^ven  thrust,  because  we  have  the  distance  ab»  f  and  W,  aU  unknown  quantities. 
Heace  we  must  first  assume  a  tentative  size  for  the  pier,  find  the  length  of  the 
Ene  ab,  and  see  if  the  moment  or  the  weight  of  the  pier  is  equal  to  the  mo- 
ment or  THE  thrust.  If  it  is  not  we  must  assume  another  size  for  the  pier. 
la  point  of  fact  the  steps  of  the  problem  usually  present  themselves  in  the 
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inverse  order,  the  pier  or  buttress  being  given  and  the  determination  of  its 
stability  being  required.  The  size  of  the  pier  or  buttress  is  usually  first  deter- 
mined rather  from  the  architbcturai  eidga^dei  of  the  design  than  from  the 
engineering  requirements  for  the  stability  of  the  structure.  If  upon  investiga- 
tion these  «rfe  not  iki  tccoidt  it  is  the  duty  «f  the  deiigneiB  to  lift  tlkit  ingenuity 
in  seeing  that  both  conditions  are  fufilUed. 

The  Stability  of  Piers  and  Buttresses.  When  it  is  desired  to  determine 
if  a  given  pier  or  buttress  is  capable  of  resisting  a  given  thrust,  the  problem  can 
be  solved  giaphicaiiy  in  the  following  manner.  Let 
A  BCD  (Fig.  2)  represent  a  pier  which  sustains  a  given 
thrust  T  at  B.  To  determine  whether  the  pier  will  safely 
sustain  this  thrust,  we  proceed  as  follows: 

Draw  the  indefinite  line  BX  in  the  direction  of  the 
thrust.    Through  the  center  of  gravity  of  the  pier,  which 
in  this  case  is  midway  between  AD  and  BC,  draw  a  ver- 
tical line  intersecting  the  line  of  the  thrust  at  e.    As  a 
force  may  be  considered  to  act  anywhere  along  its  line  of 
action,  we  may  consider  that  the  thnist  and  the  weight 
V      4       n     u*   \   ^^  ^*  ^^^  point  e.    The  resultant  of  these  two  forces  is 
DetermlnatTon  *S   obtained  by  laying  off  the  thrust  T  from  e  on  eX,  and  the 
Timut  on  Pier         weight  of  the  pier  W,  from  eoneY,  both  to  the  same  scale 
of  so  many  pounds  to  the  inch,  completing  the  parallel- 
ogram aad  drawing  the  diagonal.    If  this  diagonal,  prolonged,  cuts  the  base 
of  the  i^e^  at  less  than  one-third  the  width  of  the  base  from  the  outer 
edge,  the  pier  is  generally  considered  imstable  and  its  dimensions  are  changed. 
(See  Chapter  IV,  Theorem  of  the  Middle  Third.) 

The  Stability  of  Buttress  with  Offsets.  Tbe  stabiuty  or  a  pier  may  be 
increased  by  adding  to  its  weight  by  placing  some  heavy  material  on  top,  for 
example,  or  by  increasing  its  width  at  the  base  by  means  of  offsets,  as  in 
Fig.  3.  Figs.  3  and  4  show  the  method  of  determining  the  stability  of  a  but* 
tress  with  offsets.  The  first  step  is  to  find  the  vertical  line  passing  through  the 
center  of  gravity  of  the  whole  pier.  This  is  best  done  by  dividing  the  buttress 
hito  quadrilaterals,  as  A  BCD,  DEFG  and  GHIK  (Fig.  3).  finding  the  center  of 
gravity  of  each  quadrilateral  by  either  the  method  of  diagonab  or  triangles  as 
explained  in  Chapter  VI,  and  then  measuring  the  perpendicular  distances  Xu 
Xi,  Xi  from  the  different  centers  of  gravity  to  the  line  KI.  (See,  also.  Chapter 
Vni,  page  313). 

Multiply  the  area  of  each  quadrilateral  by  the  distance  of  Its  center  of  grav- 
ity froM  the  line  Kl  and  add  together  the  areas  and  the  products.  Divide  the 
sum  of  the  prodacts  by  the  sum  of  the  areas  and  the  result  will  be  the  distance 
of  the  center  of  gravity  of  the  whole  buttress  from  KI,  This  distance  we  denote 
by  Xo.  Thb  calculation  is  a  piactical  application  of  the  theorem  in  mechanics 
that  the  HOUENT  or  the  sbsultant  of  any  number  of  forces  about  a  givcik 
point  is  equal  to  the  svu  of  uoicents  of  the  individual  forces  about  that  point. 

Bxample  i.  Let  the  buttress  showti  in  Fig.  3  have  the  dimensions  shown. 
Then  the  areas  of  the  quadrilaterals  a;^  the  distances  from  their  centers  of 
gravity  to  KI  are  as  follows: 

I^itstarea  «  35«lft  Xi-o'.^s  First  area  X  Xi-33.2S 
Second  area  -  23  sq  ft  Xj  »  a'.gj  Second  area  X  Xa  •  67.85 
Third  area    «     it  sq  ft       Xt^4',gi        Third  area    X   X«^  54.4s 


Total  atca,  69  sq  ft  Total^noments,  155.55 
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Ik  sam  til  the  moments  of  the  areas  is  155.55,  and  dividing  this  by  the  total 
CO.  ve  have  2.25  as  the  distance  Xo.  Measuring  this  to  the  scale  of  the  draw- 
s^  fnsB  KI,  we  lave  a  point  through  which  the  vertical  line  i>assing  through  the 
=t£r  of  gravity  must  pass. 

This  hat,  pas&dng  through  the  center  of  gravity  of  the  buttress,  can  be  found 
iJjmcALLY,  mho,  by  the  method  of  the  equilibrium  polygon  (Fig.  3).    (See, 


^nc^ir' ^ ' — 

*^»      ^  X   *    K   »J<  K 


F%.  3.     Buttress  with  Offsets 


Fig.  4.     Resultant  Thrust  on  Buttress 
with  OffseU 


2ao.  Chapter  VIII,  Fig.  12,  etc.)  In  order  to  do  this,  lay  off  at  any  convenient 
^^  beginning  at  some  convenient  point  Jf ,  Mw  i,  u;  i  u;  2,  and  v  2  w  3,  the 
2r>as  of  the  various  quadrilaterals  composing  the  buttress.  Through  the  center 
<^  gravity  of  each  quadrilateral  draw  a  vertical  (green)  line.  Draw  the  lines 
^0  and  V  s  Of  mtersecting  at  some  conveniently  chosen  pole-point,  O, 
IfTiM  0»  I  and  Ow  2.  Through  a,  where  MO  intersects  the  vertical 
•jpreen)  line  drawn  through  the  center  of  gravity  of  the  first  quadrilateral, 
^w  ab  parallel  to  Ou^i,  and  through  b,  where  ab  intersects  the  (green)  line 
— ough  the  center  of  gravity  of  the  second  quadrilateral,  draw  be  parallel  to 
-"^  2.  Finally  draw  cL  parallel  to  Ow  3.  Where  this  line  intersects  MO 
>x  L  w3]  be  the  point  through  ^hich  the  (heavy  red)  line,  passing  through  the 
ceiLter  of  gravity  of  the  buttress  taken  as  a  whole,  should  be  drawn.    The  distance 
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X9,  measured  from  IK,  should  then  be  2.25  ft  or  vecy  nearly  this,  aJIowing  fo^ 
slight  errors  of  drawing,  and  the  same  as  that  found  by  moments.    Fig.  5  show^ 

the  same  method  of  determining  the  posi^ 
tion  of  the  center  of  gravity  of  a  buttres^ 
similar  to  the  one  illustrated  in  Fig.  9. 

After  this  line  is  found,  the  methocj 
of  determining  the  stability  of  the  pie^ 
is  the  same  as  that  given  for  the  pier  ifl 
Fig.  2  and  Fig.  4.  If  the  buttress  ii 
more  than  one  foot  thick,  that  is,  a( 
right-angles  to  the  plane  of  the  paper,  it^ 
cubic  contents  must  be  determined  iij 
order  to  find  its  weight.  It  is  easier, 
however,  to  divide  the  total  thrust  by 
the  thickness  of  the  buttress.  This  giivej 
the  thrust  per  foot  of  thickness  of  th< 
buttress. 

The  Line  of  Presrare  or  Line  oi 
Resistance.*  The  line  of  resistanc] 
or  the  LINE  OF  pressure  of  a  pier  01 
buttress   is   a    line  drawn  through    th* 


Fig.  5. 


Center  of  Gravity  of  Wall  and 
Buttnas 


CENTER  OF  PRESSURE  of  each  joint.  The 
center  op  pressure  of  any  joint  is  the 
point  in  which  the  resultant  of  the  forces 
acting  on  that  portion  of  the  pier  above 
the  joint  cuts  it.  The  line  of  pressure,  or 
of  resistance,  when  drawn  in  a  pier,  shows 
how  near  the  greatest  stress  on  any  joint 
comes  to  the  edges  of  that  joint.  It  can 
be  drawn  by  the  following  method. 

Let  A  BCD  (Fig.  6)  be  a  pier  whose  line 
OF  pressure  we  wish  to  draw.  Let  T  be  the  thrust  against  the  pier.  FiH 
divide  the  height  of  the  pier  into  several  parts,  each  3  or  3  feet  high,  as  &ho\^ 
by  the  horizontal  dotted  Hoe^.    It  is  more  convenient  to  m^ke  the  course^ 

*  This  Hne  is  called,  interchangeably,  the  line  of  peeaswit.  the  Hoe  of 
"   e,  etc. 


Fig.  6.    Line  of  Pressure  in  Pier 
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Kts  eqnl  in  betght.  Prolong  the  LOfE  of  tHE  tbrust,  and  draw  a  vertical 
k  tkPOQsh  the  center  of  gravity  oC  the  pier,  intersecting  the  line  of  thrust  at 
JK  point  «.  From  a  lay  off  to  a  scale  the  thrust  T,  and  the  weights  of  the 
:^ereat  parts  ol  the  pier,  commencing  with  the  weight  of  the  upper  portion. 
Tm  »i  rq>resCTts  the  weight  of  the  portion  above  the  first  joint;  wi  repre- 
i^  the  wdgfat  of  the  second  part;  and  so  on.  The  sum  of  the  w's  will 
IKKnt  the  weight  of  the  whole  pier. 

Draw  a  parallelogram,  with  T  and  in  for  its  two  sides.  Draw  the  diagonal 
ad  pcDdoce  it  beyond  the  parallelogram,  if  necessary.  Its  point  of  intersection 
«^  the  first  joint  will  be  a  pomt  in  the  line  of  pressure.  Draw  a  second  par- 
^^^iosncu  with  r  and  vi  +  tfs  for  its  two  sides.  Draw  the  diagonal  intersecting 
■Je  seoood  joint  at  the  point  2.    Continue  in  this  way  with  the  rest  of  the  partial 

weights,  the  last  diagonal  intersecting  the  base  AD, 

in  the  point  4.    Join  the  points  i,  2,  3  and  4.    The 

resulting  broken  line  C1234 

is  the  USE  OF  pressure  or 

LINE  or  RESISTANCE. 

^       Wehavetakenthe  simplest 
>    case  as  an  example;  but  the 

aame  principles  are  true  for 

any   case.    If   the   line   of 

pressure  of  the  pier  at  any 

point  falls  at  a  dbtance  from 

the  outside  edge  of  the  joint 

kss    than    one-xhird    tee 

WIDTH    OP    THE    JOINT,    the 

pier  is  ge&eraUy  conridercd 
unsafe. 

The  Stobility  of  a  Will 
tnd  BattresB.  By  Mo- 
ments and  Graphical 
Method.  The  following 
example  illustrates  the  ap- 
plication of  these  principles. 
Example  a.  Let  Fig.  7 
represent  the  section  of  a 
r  -'r.   ^..-      ««.r  ..  aide  wall  of  a  church,  with  a    «..     «     ^   ....       .  „,  .. 

site  the  buttress,  on  the 
^"ie  of  the  wall,  is  a  hanmier-beam  truss,  which  we  will  suppose  exerts  an 
*^wd  thrust  on  the  wall  of  the  church,  amounting  to  about  9  600  lb.  We 
^2  farther  consider  that  the  resultant  of  the  thrust  acts  at  P,  and  at  an  angle 
<<  V  with  the  horizontaL  The  dimensions  of  the  wall  and  buttress  are  given 
s  Tif .  8.  The  buttress  is  2  ft  thick,  at  right-angles  with  the  plane  of  the 
^per.  Has  the  buttress  the  proper  size  and  form  to  enable  the  wall  to  resist 
4e  thnist  of  the  truss? 

Tlie  first  point  to  decide  is  whether  or  not  the  line  of  pressure  cuts  the 
i°>3t  CD  at  a  safe  distance  in  from  C.  To  ascertain  this  we  must  determine 
^  position  of  the  center  of  gravity  of  the  wall  and  buttress  above  the  joint  CD 
^^  7).  One  way  to  determine  this  is  by  the  method  op  moments,  the 
*^«»Ts  Of  THE  AREAS  being  taken  about  the  line  KM  as  an  axis,  or  line  of 
^nui  (Fig.  8),  as  already  exphuned.  The  distance  Xi  is,  of  course,  half  the 
^^Kkncs  of  the  wall  or  i  f t.    We  next  find  the  center  of  gravity  of  the  part 
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CEFG  (Fig.  8)  by  the  method  of  diagonals;  and  scaling  the  distance  Xt,  we  find 
it  to  be  2.95  ft. 

The  area  CEFG  "  At "  10  sq  ft;  and  the  area  GIKL  -  i4i  -  26  sq  ft  Let 
A  B  the  total  area  above  CL. 

Then  we  have 

Xi»ift  i4i*a6sqft         AiXXi'^26     sqftXft 

^1  -  2.9s  ft       i4|  »  10  sq  ft  A2  X  Xi  -  19s  sq  ft  X  ft 

A  -  36  sq  ft  36)55.5  sq  ft  X  ft 

Xo»  1.5  ft 

Expressed  in  equations  of  moments  of  areas,  this  may  be  written  as  follows, 
A  representing  the  total  area  above  the  line  CL  (Fig.  8): 

AxXo''{AiXXi)-\'{AtXXt) 
Hence, 

y       {AtXXi)-^iA,xXt) 

The  center  of  gravity  is  at  a  distance  1.5  ft  from  the  fine  ED  (Fig.  7).  Id 
Fig.  7  measure  the  distance  Xo  *  1.5  ft,  and  through  the  point  a  draw  a  vertical 
line  intersecting  the  line  of  the  thrust  prolonged  at  O.  If  the  thrust  is  9  600  lb, 
for  example,  for  a  buttress  2  ft  thick,  it  will  be  half  that,  or  4  800  lb,  for  a 
buttress  i  ft  thick.  We  will  call  the  weight  of  the  masonry  of  which  the  buttress 
and  wall  is  built,  x  50  lb  per  cu  ft.  Then  the  thrust  is  equivalent  to  4  800/ 1 50  >  3  a 
cu  ft  of  masonry.  Laying  this  off  to  a  scale  from  0,  in  the  direction  of  the 
thrust,  and  the  area  of  the  masonry,  36  sq  ft,  from  O  on  the  vertical  line,  oom- 
pleting  the  rectangle,  and  drawing  the  diagonal,  we  find  that  the  diagonal  cuts 
the  joint  CD  at  /,  within  the  limits  of  safety.  We  must  next  find  where  the 
LINE  OP  PRESSURE  cuts  thc  base  AB. 

First,  determine  the  position  of  the  center  of  gravity  of  the  whole  figure. 
This  is  determined  by  finding,  as  explained  for  the  distances  Xi  and  Xt,  the  dis- 
tances Xi',  Xi,  in  Fig.  8,  and  making  the  following  computation,  letting  A'  '^ 
the  total  area  above  AM, 

Xi'-ift  y!i'-40sqft  i4iXXi-40       sqftXft 

Xi'-  2.98  ft      i4i'-  24  sq  ft  i4«xX«-  71.52  sq  ftX  ft 

Xi'»4.9Sft      ^i'-i2sqft  i4i  X  X|  -  59.40  sq  ft  X  f t 


A*  «  76  sq  ft  76)170.92  sq  ft  X  ft 


JVo'-2.25ft 

This,  also,  may  be  expressed  In  equations  of  moments  of  areas,  as  explained 
for  the  part  above  the  line  CL. 

Then  from  the  line  EB  (Fig.  7)  lay  off  the  distance  Xo  •  2.25  ft,  and  draw 
through  d  a  vertical  line  intersecting  the  line  of  the  thrust  at  C.  On  this  ver- 
tical line,  measure  down  from  (y  the  whole  area  76,  to  scale,  as  explained  above, 
and  from  the  lower  extremity  of  this  line  representing  the  area,  lay  off.  at  the 
proper  angle,  the  thrust  T^  32.  Draw  the  line  O'e,  intersecting  the  base  at  c. 
This  is  the  point  where  the  line  of  pressure  cuts  the  base;  and,  as  it  is  at 
a  safe  distance  in  fromi4,  the  buttress  has  sufHdent  stability.  If  there  were 
more  offsets,  we  should  proceed  in  the  same  way,  finding  where  the  line  of 
pressure  cuts  the  joint  at  the  top  of  each  offset    The  reason  for  doing  this  is 
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beaose  the  link  or  pressure  might  cut  the  base  at  a  safe  distance  from  the 
ooter  edge,  while  higher  up  it  n^ght  come  outside  of  the  buttress  or  too  near 
the  outside  face,  thus  making  the  buttress  unstable.  The  method  given  in  these 
examples  is  applicable  to  piers  of  any  shape  or  material.  If  the  line  of  pres- 
sriE  makes  an  angle  of  less  than  30"  with  any  horizontal  joint,  the  stones 
above  the  joint  may  sude  at  this  joint,  or  at  least  have  a  strong  tendency  to 
do  so.  Sliding  can  be  prevented  either  by  doweling,  or 
by  inclining  the  joints.  Such  conditions,  however,  are 
nre  in  architectural  construction. 

The  Stability  of  a  Wall  and  Buttress.  Graphical 
Method.  Tlus  same  example,  which  has  been  solved  in 
the  foregoms  case  partly  by  moments  and  partly  by 
GL%PBiCAi.  METHODS,  can  be  solved  entirely  by  graphical 
acTHODS.  In  this  case  it  is  not  necesaaiy  to  determine 
the  position  of  the  fine  (the  heavy  red  lines  in  Figs.  3  and 
5>  passing  through  the  center  of  gravity  of  the  buttress 
bken  as  a  whole.  It  is  necessary,  only,  to  determine 
t^  (red)  lines  passing  through  the  cen- 
ters of  gravity  of  the  various  trapezoids 
aad  rectangles .  into  which  it  has  been 
nbdivided.  To  determine  the  position 
d  the  LINE  op  pressure  and  the  various 
dVTERS  OF  pressure  on  the  different 
joints,  the  method  shown  in  Fig.  6  may 
be  used.  The  construction  shown  in 
tibt  figure,  in  which  the  complete 
parallelograms  of  the  forces  acting  at 
Qch  joint  are  drawn,  may  be  simplified. 
Oie-half  the  parallelogram,  only,  or  the 
TUANGLE  OP  THE  FORCES  acting  at  each 
jooit,  may  be  drawn  and  the  whole 
OQDstnictioo  placed  at  one  side  of  the 
i^are  and  afterwards  transferred  to  the 
ifon  itself  by  means  of  parallel  lines. 
Draw  the  joint-planes  FG,  £/,  CK 
ud  BN  and  calculate  the  areas  of  the 
nrioos  parts  of  the  wall  and  buttress, 
asch  as  IKGF,  PGJE,  EJKC,  CKNB 
aad  BNMA,  Fig.  9.  These  are  respec- 
thdy  14  sq  ft,  6  sq  ft,  16  sq  ft,  10  sq  ft 
lad  30  sq  f t.  Lay  off  these  areas  to  a 
scale  of  so  many  square  units  to  a  linear 
cait,  at  Pvf  x,  witr2,  W2V3.  W3V4  and  ic  4  w  5,  along  the  line  KM,  begin- 
aiog  at  the  point  of  application  of  the  thrust.  Lay  off,  at  the  same  scale,  the 
thrust  OP  for  one  foot  of  thickness  of  the  wall,  and  let  this  thrust  be  4  800  lb. 
Draw  Ow  i,  Ow  2,  Ow  3,  etc  Then  Ow  i  will  be  the  resultant  of  the  thrust 
and  the  weig;ht  of  the  buttress  above  the  joint  FG,  Ow  2  will  be  the  resultant  of 
this  last  resultant  and  the  weight  of  that  part  of  the  buttress  between  the  joints 
FG  and  £/,  aivd  so  on  until  Ow  5  is  reached,  which  is  the  resultant  of  the  total 
vdght  of  the  buttress  and  the  thrust  as  well  as  the  resultant  of  the  rectangle 
BSMA  and  the  previous  resultant.  Prolong  the  thrust  OP,  until  it  cuts  the 
ftrst  (red)  line  through  the  center  of  gravity  of  the*  first  rectangle  IKGP,  at  a. 
Through  this  point  draw  a  (green)  line  parallel  to  Ow  i  and  prolong  it  backward 


of  Pressure  in  Wall  and 
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until  it  intersects  the  joint  FG  at  the  point  within  the  smaH  (red)  drde.  This 
determines  the  center  of  pressure  on  this  joint.  Next,  draw  ab  (green) 
parallel  to  Ow  2  and  prolong  it  backward  until  it  intersects  the  joint  £/,  at  the 
center  op  pressure  on  that  joint.  Repeat  this  operation  to  obtain  the 
CENTERS  OF  PRESStTRE  on  each  successive  joint,  drawing  be,  cd  and  de  parallel 
respectively  to  Ov  3,  Ow  4  and  Ow  5. 

It  must  be  remembered,  however,  that  cd  does  not  have  to  be  prolonged  back- 
ward, as  it  cats  the  joint  CK  below  and  to  the  left  of  the  line  passing  through 
the  center  of  gravity  of  EJKC,  Finally,  join  the  various  cEKTERS  of  pressure 
by  the  (red)  broken  ttae,  which  is  the  line  or  prbssure  in  the  buttress.  As 
this  line  lies  within  the  midole  third  of  the  oonstructioa,  and  the  resultants  of 
the  pressures  on  the  various  joint-planes  do  not  make  with  the  normals  to  the 
joint-pUnes  angles  greater  than  the  Aitou  of  friction,  the  oondittons  for 
stability  may  be  considered  to  be  satisfied. 
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CHAPTER  Vm 

THX  STABIUTT  OF  IfASONBT  ABCHES 

By 
GRENVILLE  TEMPLE  SNELLING 

MBMBBK  OV  AlfSUCAN  INSTITUTE  OF  ABCHIXECTS 

1.  Archef 

TIm  Lintel  tnd  the  Arch.  When  an  opening  is  made  in  a  masoory  wall 
it  is  necessa^  to  provide  some  means  of  spanning  such  opening  to  support  the 
siperimposed  masonry.  Two  methods  have  been  employed  by  constructors 
lor  this  purpose.  The  first  involves  the  use  of  the  beam,  girdek,  cap,  or  untel, 
isd  the  second  the  throwing  of  an  arch  from  one  side  of  the  opening  to  the 
other.  LoTEELS  are  made  of  various  materials,  as  wood,  stone,  reinforced  con- 
aete,  cast  iron  and  steel,  and  have  cross-sections  of  different  shapes.  They 
ire  placed  across  the  tops  of  the  openings  and  transfer  laterally  the  loads  above, 
aosing  vekticax.  ssAcnoNS,  only,  in  the  side  supports.  An  arch,  on  the 
cDDtrary,  b  a  particular  arrangement  of  blocks  of  stone  or  other  material,  put 
together^  generally  along  a  curved  line,  in  such  a  way  that  they  resist  the  load 
b^  a  balancing  of  certain  thrusts  and  counterthrusts.  An  arch  exerts  on 
its  supports  an  outward  thrust  as  well  as  a  vertical  pressure;  and  it  is 
this  ootward  thrust  which  requires  that  the  arch  should  be  used  with  caution 
vhea  the  abutments  are  not  amply  large  and  strong.  The  mechanical  principles 
imoivcd  in  the  spanning  of  an  opening  by  a  lintel  are  much  simpler  than 
those  of  the  arch  and,  histoncally,  the  lintel  very  considerably  antedates  the 
arch. 

Definitioiie.  Before  taking  up  the  principles  of  the  arch,  we  will  define  the 
priadpel  terms  rehtmg  to  it  The  distance  tc  (Fig.  1)  is  called  the  span  of  the 
sidi;  Of,  the  rise;  6,  the  crown;  the  lower  boundaiy 
be  coc;  the  softit  or  intrados;  the  ou&r  boundary 
fee,  the  BACK  or  extrados.  The  terms  soffit  and 
Back  axe  also  applied  to  the  entire  bwer  and  upper 
curved  sufaces  oi  the  whole  arch.  The  sides  of  the 
arch  idiidi  are  seen  are  called  the  faces.  The 
blocks  of  which  the  arch  itself  is  composed  are  called 
TorssoiRS;  the  center  one,  JC,  is  called  the  keystone;  p.  j  i^^J^n^  of 
tad  the  lowest  ones»  55,  the  springers.    In  seg-  mentoM^h 

HEXTAi.  arches,  or  those  of  which  the  intrados  is  not 

a  complete  semicircle,  the  springers  generally  rest  upon  two  stones,  as  jRi?,  whidi 
have  their  upper  surfaces  cut  to  receive  them;  these  stones  are  called  skewbacks. 
The  line  connecting  the  lower  edges  of  the  springers  is  called  the  springino- 
liXE;  the  sides  of  the  arch  are  called  the  haunches;  and  the  loads  in  the  tri- 
angular spaces,  between  the  haunches  and  a  horizontal  line  drawn  from  the 
oown,  are  called  the  spandrels.  The  blocks  of  masonry,  or  other  material, 
«hich  support  two  successive  arches,  are  called  piers;  and  the  extreme  blocks, 
which,  in  the  case  of  stone  bridges,  generally  support,  on  one  side,  embank- 
lacnts  ol  earth,  aie  called  AHimiENTS.  A  pier  strong  enough  to  resist  the 
thmst  ol  one  of  two  successive  arches,  in  case  the  other  one  f aUs  down,  is  some- 
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times  caUed  an  abutment-pier.  Besides  their  own  weight,  arches  usually  sup- 
port permanent  loads  or  surchasges  of  masoniy  or  of  earth. 

Forms  of  Arches.  In  using  arches  in  architectural  constructions,  the 
FORMS  of  the  arches  are  generally  governed  by  the  style  of  the  building,  or  by 
a  limited  amount  of  space,  rather  than  by  engineering  considerations.  The 
problem,  therefore,  that  usually  presents  itself  to  the  architect  b  not  to  design 
the  form  and  dimensions  of  an  arch  that  will  most  economically  and,  from  an 
engineering  point  of  view,  efficiently  bear  its  load,  but  rather  to  determine  if 
an  arch  of  a  certain  form  and  of  certain  dimensions  will  be  stable  and  safe 
under  its  load.  The  semicircular  and  segmental  forms  of  arches  are  the 
best  as  regards  stability,  and  are  the  simplest  to  construct.  Elliptical  and 
THREE-CENTERED  arches  are  not  as  strong  as  circular  arches,  and  should  only 
be  used  where  they  can  be  given  all  the  strength  desirable. 

The  Strength  of  an  Arch  depends  very  much  upon  the  care  with  which  it  is 
built  and  upon  the  quality  of  the  materials.  In  stone  arches,  special  care  should 
be  taken  to  cut  and  lay  the  beds  of  stones  accurately,  and  to  make  the  bed- 
joints  thin  and  close,  in  order  that  the  arches  may  be  stressed  as  little  as  possible 
in  settling.  To  insure  this,  arches  are  sometimes  built  dry,  grout  or  liquid 
mortar  being  aftferwards  run  into  the  joints;  but  the  advantage  of  this  method 
is  doubtful. 

Brick  Arches.*  (See  Figs.  2,  3.  4  and  5.)  These  may  be  built  either  •! 
WEDGE-SHAPED  bricks,  molded  or  rubbed  so  as  to  fit  to  the  radius  of  the  soffit. 


Fig.  2  Fig.  3  •Fig.  4  Fig.  6 

Brick  Arches 

or  of  bricks  of  common  shape.  The  former  method  is  undoubtedly  the  best,  as 
it  enables  the  bricks  to  be  thoroughly  bonded,  as  in  a  wall;  but,  as  it  involves 
considerable  expense  to  make  the  bricks  of  the  proper  shape,  it  b  very  sel- 
dom employed.  When  bricks  of  the  ordinary  shape  are  used,  they  arc  ac- 
commodated to  the  curved  figure  of  the  arch  by  making  the  bed-joints  thinner 
towards  the  intrados  than  they  are  at  the  extrados;  or,  if  the  curvature  is  sharp, 
by  driving  thin  pieces  of  slate  into  the  outer  edges  of  those  joints;  and  different 
methods  are  followed  for  bonding  them. 

The  usual  method  is  to  build  the  arch  in  concentric  rings,  each  one-half  brick, 
thick;  that  is,  to  lay  all  the  bricks  as  stretchers  and  depend  upon  the  tenac- 
ity of  the  mortar  for  the  connection  of  the  several  rings.  Brick  masonry  con- 
structed in  this  way  is  deficient  in  strength,  unless  the  bricks  arc  laid  in  cement 
mortar  which  is  at  least  as  tenacious  as  themselves.  Another  way  is  to  intro- 
duce courses  of  headers  at  intervals,  and  to  connect  pairs  of  half-brick  rings 

•  For  illustrations  of  the  different  methods  of  building  brick  arches,  see  Chapter  VII, 
Building  Coostroction  and  Superintendence,  Part  I,  Masons'  Work.  F.  E.  Kidder. 
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toeetber.  This  may  be  done  dther  by  thickening  with  pieces  of  slate  the 
jaoits  of  the  outer  ring  of  a  pair  of  half-brick  rings,  so  that  there  will  be  the 
saae  number  of  courses  ot  stretchers  in  each  ring  between  two  courses  of 
hodcis;  or  by  placing  the  courses  of  headers  at  such  distances  apart,  that 
between  each  pair  of  them  there  will  be  one  course  of  stretchers  more  in  the 
otter  than  in  the  inner  ring.  The  former  method  is  best  suited  to  arches  of 
long  ladius;  the  latter,  to  those  of  short  radius.  Hoop-iron  laid  around  the 
aoh.  between  half -brick  rings,  as  well  as  longitudinally  and  radially,  is  very 
u^al  for  strengthening  brick  arches.  The  bands  of  hoop-iron  which  traverse 
the  arch  radially  may  also  be  bent,  and  prolonged  into  the  bed-joints  of  the 
backing  and  spandreK  By  the  aid  of  hoop-iron  bond,  Sir  Marc-Isambard 
Bnind  built  a  half-arch  of  bricks,  laid  in  strong  cement  mortar,  which  stood, 
prtijecting  from  its  abutment  like  a  bracket  to  the  distance  of  60  ft,  until  it  was 
d&truyed  by  the  undermining  of  its  foundations. 

The  only  requirements  in  the  New  York  City  Building  Laws  for  brick  and 
^tax  arches  is  that  "openings  for  doors  and  windows  in  all  buildings  shall  have 
^ood  and  sufficient  arches  of  stone,  brick,  or  terra-cotta,  well  built  and  keyed 
13d  with  good  and  sufficient  abutments. " 

Role  for  the  Radius  of  Brick  Arches.  A  good  rule  for  the  radius  of 
>^:zieDtal  brick  arches  over  windows,  doors  and  other  small  openings  is  to 
raike  the  radius  equal  to  the 
'A37rH  or  THE  OPENING.  This 
piips  a  good  rise  to  the  arch  and 
a  ;.!*a2ng  proportion.  In  com- 
rsm  brickwork,  when  no  par- 
ti-.kr  architectural  effect  is 
*Krtd,  such  as  in  the  rowlock 
'•is.s»  thrown  over  the  openings 
in  cdlar  walls,  a  rule  in  very 
f'nrMn  use  is  to  make  the  RISE 
ui  ±e  arch  at  the  crown  an  inch 

I>  ^XIGHT    FOR    EVERY    POOT   OF 
S-AS. 

Segmental  Arches  with  Tie- 
R«ds.  It  is  often  desirable  to 
^T-Q  openings  in  a  wall  by  means 
»::  irchcs  when  there  are  not  a 
siiicent  number  of  abutments 
to  withstand  the  thrusts.  In 
C2i£>  of  this  kind  each  arch  can  be  sprung  from  two  cast-iron  skew  backs,  held 
1:1  ?4ai:e  by  iron  rods,  as  is  shown  in  Fig.  6.  When  this  is  done,  it  is  necessary 
t!..  proportion  the  size  of  the  rods  to  the  thrust  of  the  arch.  The  horizontal 
TEir5T  of  the  arch  may  be  verj'  closely  determined  by  the  following  formula: 

load  on  arch  X  span 
8  X  rise  of  arch  in  feet 


Fig.  6. 


Segmental  Brick  Arch.  Cast-iron  Skew- 
back  &ad  Wrought-iron  Tie-rod 


Horizontal  thrust  «• . —- 


If  the  load  IS  concentrated  at  the  center  of  the  arch,  the  thrust  will  be  twice 
that  given  by  this  formula. 

The  TEXSIOMAL  STRESS  in  the  rod  or  rods  will  equal  the  horizontal  thrust 
c4  the  arch  and  if  there  are  two  rods,  the  stress  in  each  will  be  one-half  the 
tiaiiat.  If  there  are  three  rods,  then  each  must  resist  one-third  the  thrust. 
Kriowiog  the  stresses  in  the  rods,  the  size  of  each  may  be  determined  from 
Table  U,  Chapter  XI. 
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Bnmple  i.  Let  us  assume  that  a  brick  arch,  like  the  one  shown  in  Fig.  6. 
has  a  span  of  15  ft,  a  rise  at  the  center  of  x  ft  6  in,  and  that  it  supports  a  la-in 
brick  wall.  The  weight  of  all  the  brick  masonry  above  the  arch  docs  not  come 
upon  it.  Usually  only  an  equilateral  triangle  of  brickwo/k  is  considered, 
the  base  of  the  triangle  being  the  span.  Assume,  therefore,  an  equilateral  tri- 
angle the  sides  of  which  are  each  15  ft  long.  The  altitude  of  this  triangle  b 
about  13.6  ft  and  its  area  will  equal  15  ft  X  x3.6  ft  X  ^  «  94^  aq  ft.  If  the  wall 
b  la  in  thick  there  will  be  97V&  cu  ft  of  brickwork  within  this  triangle  of  the 
wall;  and  smoe  ordinary  brickwork  weighs  about  X15  lb  per  cu  ft,  its  weight 
will  be  about  zo  867  lb.    Substituting  these  values  m  the  formula, 

The  horizontal  thrust  -  ^^r-^ — ^  -  13  584  lb 
oX  1.5 

Looking  in  Table  11,  page  388,  it  appears  that  one  xVi<in  or  two  xH-ln  plaitk, 
round,  wrought-iron  rods,  or  one  iV^-in  or  two  ?4-in  round,  upset,  steel  rods 
should  be  used. 

Centers  for  Arches.  A  center  is  a  temporary  structure,  generally  of 
timber,  on  which  the  voussoirs  of  an  arch  are  supported  while  the  arch  is  being 
built.  It  consists  of  parallel  frames  or  ribs,  placed  at  convenient  distances 
apart,  curved  on  the  outside  to  a  line  parallel  to  that  of  the  soffit  of  the  arch, 
and  supporting  series  of  transverse  planks,  upon  which  the  arch-stones  rest. 
The  center  commonly  used  is  one  which  can  be  lowered,  or  struck  all  in  one 
piece,  by  driving  out  wedges  from  below  it,  so  as  to  remove  at  once  the  support 
from  every  point  of  the  arch.  The  center  of  an  arch  should  not  be  struck  until 
the  solid  part  of  the  backing  has  been  built  and  the  mortar  has  had  time  to 
set  and  harden;  and  when  an  arch  forms  one  of  a  series  of  arches  with  piers 
between  them,  no  center  should  be  struck  so  as  to  leave  a  pier  with  an  arch 
abutting  against  one  side  of  it  only,  unless  the  pier  has  sufficient  stability  to  act 
as  an  abutment.  When  possible,  the  striking  of  the  center  of  large  brick  arches 
should  be  delayed  for  two  or  three  months  after  the  arch  is  built,  and  during 
the  period  that  they  are  in  place  they  should  be  eased  from  time  to  time. 
This  is  done  by  easing  out  the  wedges  under  the  centers  a  little  at  a  time  so 
as  to  let  them  down  gradually  and  thus  adjust  any  slight  settling  or  shrinkage  of 
the  masonry  as  i^  occurs. 

Mechanical  Principles  of  the  Arch.  In  designing  an  arch,  the  first  ques- 
tion to  be  settled  is  the  form  of  the  arch;  and  in  regard  to  this,  as  already  noted, 
there  is  generally  little  choice.  When  the  abutments  are  of  ample  size,  the  sec- 
mental  ARCH  b  the  strongest;  but  when  it  b  necessary  to  make  the  i^utments 
of  the  arch  as  small  as  possible,  the  semicircular  or  the  pointed  arch  should 
be  used. 

Depth  of  Keystone.  Having  dedded  upon  the  form  of  the  arch,  the  deptb 
o?  THE  ARCH-RING  must  next  be  decided.  Thb  b  generally  determined  by  com^ 
puting  the  required  depth  op  the  keystone  and  making  the  depth  of  the 
whole  ring  the  same  or  a  little  larger.  In  considering  the  strength  of  an  arch, 
the  depth  of  the  keystone  is  considered  to  be  only  the  distance  from  the  ex- 
trados  to  the  intrados  of  the  arch;  and  if  the  keystone  projects  above  the  arch- 
ring,  as  in  Fig.  1,  the  projection  is  considered  a  part  of  the  load  on  the  arch. 
There  are  several  rules  for  determining  the  depth  of  the  keystone,  but  all  are 
empirical;  and  they  differ  so  greatly  that  it  b  difficult  to  recommend  any  par- 
ticular one. 

RanliinVs  Fonmila  for  Depth  of  Keystone.  Professor  Raakine's  rule 
b  often  quoted,  and  gives  results  which  are  probably  true  enough  for  most 
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Eio.  It  appKcs  to  both  obcuiae  and  bluptical  arches  and  is  as  Mows, 
u  I  men  proportiopml  between  the  inside  radius  at  the  crown,  and  0.12  of 
u  lor  a  aogie  arch,  and  0.17  of  a  foot  for  an  arch  forming  one  of  a  series: 


l^  in  feet  of  keystone  for  single  arch         -  V(o .  12  X  radius  at  crown) 
Dt^th  in  feet  of  keystone  for  arch  of  a  series  «  V(o.  17  x  radius  at  crown) 

>  (fimensions  ^ven  by  this  formula  seem  to  agree  veiy  well  with  those 
nHy  used  in  practice  in  arches  of  a  certain  kind.  The  formula,  however, 
i6!k  same  defith  of  ke>'stone  for  spans  of  any  length,  provided  the  radius 
kamc;  and  in  this  particular  it  would  seem  that  the  rule  b  not  satisfactory. 
Tnatvia^'f  Fonnula  for  Depth  of  Keystone.  Trautwine,  from  calcu- 
irs  msde  for  a,  large  number  of  arches,  deduced  a  formula  for  the  depth  of 
mm,  which  seems  to  agree  with  theory  more  closely  than  Rankine's  formula. 
fc-Je  is,  for  cur  stone, 

_      ^    , ,       .    ,         /  Vradius+  half  span\ 
Depth  of  key  in  feet  -  I ^=^j-\-o.2  ft 

^c  SKtKm<XJiSS  work  this  depth  may  be  faicieased  about  one-eighth  part, 
txr  UMXWOMM.  or  faik  RtmsLE,  about  one-third. 

Ttblti  for  Depth!  of  Keystonei .  Table  I  gives  a  few  examples  of  the 
iTBs  or  IRE  KEYSTONES  of  some  bridges,  together  with  the  depths  which 
^  be  required  by  Trautwine's  or  Rankine's  formula.  From  this  table  it 
■OB  that  the  results  of  both  formulas  agree  very  well  with  dimensions  used 
v^ttl  practice. 


TiUe  L    Doptfaa  of  Keyatonea  of  Some  Archea  of  Cireolar  Are 


la&orl 
ttmcture 


^^  John.  Washing- 
IB  aqwednct. 

'»Tenor  bridge 
\sxa.  Eni^d 

a  Riparia.  Turin, 

kilr    

x^Dslaad.  England . 

aa  bridge.  Scotland, 

|a  aeries 

■  bridge.    Phila- 

SL  bridge, 
brick 

neat 

^Uaft  Read- 

rRufaoKi 

Kldpfaiaft 
iRailraad. 


Span 


320. o 

aoo.o 

148.0 
118.0 

90.0 

78.0 

60.0 
44.0 
31.2 


Rise 


57.2s 

42.00 

xS.oo 
aB.oo 

JO. 00 

25.00 

18.00 
8.00 
S.oo 


Radius 


134.25 

140.00 

160  10 
64.80 

48.90 

43  00 

34-00 
34^0 
26.80 


Actual 
depth 
of  key 


4.16 

4.00 

4.92 
3. so 

3.00 

3.00 

2.50 
2.50 
X  66 


Calculated 
depth  of  key 


Traut- 
wine's 
Rule 


4.11 

4.07 

4  03 
3.00 

2.62 

2.46 

2.20 
2.08 
1.83 


Ran- 
kine's 
Rule 


4.00 

4.10 

4.38 
2.79 

2.88 

2.27 

2.00* 

2.02 

1.79 


En^neer 


Meigs 

Hartley 

Moaca 
Telford 

Telford 

Steele 

Kncaas 

Steele 

Steele 


*  For  fint-dm  cut-sUme  work. 
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Table  II*  gives  the  depths  of  keystones  for  arches  of  first-class  cut  stone, 
according  to  Trautwine's  Formula.  For  second-dass  cut  stone,  add  about  one- 
eighth  part  and  for  fair  rubble  or  for  brickwork  about  one>third  part,  as  stated 
with  formula. 


TaUe  n.    Depths  of  KeystonM  for  Arches  of  First-Class  Cot-Stone 


Span 

Rise,  in  parts  of  the  span 

Va 

H 

y* 

H 

^ 

H 

•M» 

ft 

2 

\ 

8 

10 

IS 

20 

as 

30 
35 
40 
SO 
60 
80 

100 
120 
140 

x6o 
x8o 
200 
220 

^ 

380 
300 

ft 
0.55 
0.70 
081 

0  91 
0.99 
1.17 
1.3a 
1.45 

l:g 

1  7S 
1.97 
a.  14 
a. 44 

a. 70 

'B 

3.36 
3.56 
3  74 
3.91 

407 
4.23 
4.38 
4. S3 

ft 
os6 
0.7a 
0.83 

0  93 
X  ox 
1. 19 

1  35 
X.48 
X  60 
1.70 
1. 81 
2.00 
2.18 
a  49 
a  75 
a.99 

3.31 

3.44 
3.63 
3.8X 
4.00 

415 

4.46 
4.62 

ft 

0.58 

I'd 
C.96 
1.04 
X  22 
X.38 
X  53 

1;^ 

X.88 
2.08 
2.26 
a.58 
2.86 
3.10 

i^ 

3.75 
395 
4.13 
4  30 

4  63 
4.80 

ft 
060 
0.76 
0.89 
x.oo 

I  26 

1  43 
I  58 
1. 71 
X  83 

l^ 

a. 97 
3.a2 
346 

3  7a 
390 
4.1a 

4  30 

ft 

0.61 
079 
0.92 
X.03 

I. IX 

\t 

1.78 
1 90 

a. 03 

2.25 

a  44 
a.78 
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3.87 
4.06 
4  a9 
4.48 

ft 
0.64 
o«3 
0.97 

l:S 

1.40 

\% 

I.9X 
2  04 

2X8 

\& 

».98 
\f^ 

3.87 

4  17 
4.38 

ft 

0.68 
0.88 

X.26 

x.so 
X.70 
x.88 
a. 04 
2.19 
a. 33 

\t 

3X8 
3.5s 
3.88 
4.X5 

Sample  a.  Having  decided  what  the  thickness  of  the  arch-ring  will  be  t 
remains  to  determine  whether  such  an  arch  would  l>e  stable  if  built.  Th< 
following  example  will  illustrate  the  method  of  determiniitg  this. 

Consider  an  unloaded  semicircular  arch  of  20-ft  span. 

First,  to  find  the  depth  of  the  keystone,  we  will  use  Rankine*s  Formula. 


Depth  of  key  -  V0.12  X  10  -  V1.2  -  i.x  ft 
Trautwine's  Formula  gives  nearly  the  same  result, 

.^      .     ,  .          Vio-h  10  ,  , 

Depth  of  key ■ —  +  0.2  ft  -  x.3  ft 


But  if  we  should  compute  the  stability  of  a  20-ft  semicircular  arch  with 
keystone  x.3  ft  deep,  we  should  find  that  the  arch  is  very  unstable;  hence, 
t^is  case,  we  cannot  use  the  formula  and  must 'act  upon  our  own  judgmen 
In  the  opinion  of  the  author,  the  arch-ring  of  such  an  arch  should  be  at  lea 
aH  ft  deep  and  the  stability  of  the  arch  should  be  tested  for  that  thick ne) 
In  all  calculations  on  the  arch,  it  is  customary  to  consider  it  i  ft  thick 

*  Taken  from  The  Civil  Engiaeer's  Pocket-Book.  John  C.  Trautwine. 
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ThrttRt  from  vooMoir^ 
JMZt  above 
CtnUt  d  I 


ns^tt-anglcs  to  its  face.  This  alloifs  the  akeas  of  thb  faces  to  be  substituted 
for  the  ACTUAL  weights  of  the  voussoiis  and  their  loads.  This  method  was 
used  in  the  discussion  of  Retaining-Walls,  Chapter  IV,  and  Piers  and  But> 
tiescsk  Chapter  VII.  Furthermore*  it  b  evident  that  if  an  arch  i  ft  thick  is 
suble,  any  number  of  arches  of  the  same  dimensions  built  alongside  of  it  would 
be  staSle.  In  determining  the  stability  of  masonry  arches  it  is  also  customary 
to  neglect  any  increase  in  the  strength  of  the  arch  from  the  mortar  in  the  joints, 
or  in  other  words,  to  consider  the  arch  as  laid  up  dry. 

Graphic  D«t«nni]Ution  of  the  Stability  of  Arches.  An  arch  has  already 
been  defined  as  a  particular  arrangement  of  blocks  of  stone  or  other  material, 
these  blocks  being  called  the  vous- 
soiR^  For  the  sake  of  simplicity 
oQQsider  an  unloaded  aich.  In 
EQch  an  arch  each  voussoir  is  sub- 
jected to  the  action  of  three  forces, 
'i)  the  thmst  that  it  receives  from 
tltf  voussoir  next  above  it  in  the 
arch-ring,  (2)  the  force  of  gravitation, 
or  its  own  weight  and  (3)  the  reaction 
to  the  resultant  thrust.  The  first  two 
icrces  combine  into  one  and  form 
the  thrust  that  this  voussoir  exerts  on  the  one  next  bek>w  it  in  the  arch-ring 
(Fig.  7).  The  pomts  in  which  these  various  thrusts  cut  the  joints  are  called  the 
CKKTEBS  OF  PKE8SUKE  of  the  joints,  while  the  line  joining  these  centers  of  pr<^ 
saze  is  called  the  line  of  pressure  or  line  of  resistance.*  In  order  that  an 
arch  may  be  absolutely  stable,  this  line  of  resistance  must  fall  withm  the  imiDLE 
THiiD  of  the  arch-ruig.  (Sec  Theorem  of  the  Middle  Third,  Chapter  IV.)  If 
the  arch  is  stable  the  centers  of  pressure  on  the  various  joint>lines  are  within 
tbe  middle  third  of  the  vousaoir-deptbs  and  the  angles  made  by  the  different 
tkusts  with  the  normab  to  the  joints  are  less  than  the  angle  of  friction  of 
tbe  material  of  which  the  arch  is  constructed.    If  these  conditions  are  not  ful- 


Equilibrium  of  Forces  on  Voussoir 


Fftflure    of    Semicircular  Arch. 
Hmuocbcs  Sliding  Down 


Failure  of  Semicircular  Arch. 
Haunches  Sliding  Up 


&led  the  criteria  of  safety,  explained  in  Chapter  VII  in  the  discussion  of 
the  Stability  of  a  Buttress,  will  not  be  satisfied;  and  at  any  joint  where  these 
conditions  do  not  obtain,  the  voussoir  above  the  joint  will  tend  to  slide  along 
the  joint-plane  if  the  angle  made  by  the  thrust  with  a  normal  to  the  joint  is 
greater  than  the  angle  of  friction.  If  the  center  of  pressure  lies  outside  the 
middk  third,  there  will  be  a  tendency  for  the  voussoir  to  overturn.  When 
these  tendencies  reach  extreme  limits  actual  failttre  may  occur.  Figures  8.  9. 
10  and  11  illustrate  some  of  the  wasrs  in  which  an  arch  may  fail,  Figs.  8  and  9, 

*  Tkb  line  is  called,  interchangeably,  the  lznz  or  razssTTXE.the  une  of  resistance, 
the  KssisxAjrcB-UMX.  etc. 
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showing  different  parts  of  the  masonry  sHding  on  the  joints  snd  Figs.  10  an<i 
1 1  the  failures  caused  by  the  passing  of  the  line  of  pressure  near  the  intrados  oi 
estrsdos. 

Before  paasmg  to  the  actual  discussion  of *the  graphic  method  for  determining 
the  stability  of  arches,  a  consideration  of  the  action  of  the  stresses  developed 
in  a  construction  of  this  kind  will  assist  in  a  clearef  understanding  of  the  subject. 

Fig.  8  shows  how,  if  the  line  of  resistance  along  the  HAtTNCHBs  of  the  arch 
should  turn  sharply  downward  and  in  so  doing  nuike  with  a  normal  to  one  of 
the  joints  an  angle  greater  than  the  angle  of  friction,  the  voussoirs  at  this  point 


Fig.  1 0.     Failure  of  Semicircular  Arch. 
Opening  ci  Aidi-iing 


11.    Failure  of    Pointed   Arch. 
Opening  of  Ardi-ring 


would  tend  to  slide  inward  on  their  joint-planes,  fordng  outward  the  voussoirs 
at  the  spring  and  crown  of  the  arch.  Fig.  9  shows  how  failure  of  the  arch  would 
occur  under  similar  conditions,  but  with  the  line  of  resistance  turning  sharply 
upward  instead  of  downward.  In  these  two  cases  it  is  conceivable  thgt,  aU 
though  the  resistant  thrust  at  the  joint  where  failure  takes  place  makes  an 
angle  with  the  normal  greater  than  the  angle  of  friction,  its  point  of  application 
is  still  within  the  middle  third  of  the  joint. 

Figs.  10  and  11,  on  the  contrary,  illustrate  methods  of  failure  in  which,  al- 
though the  angle  made  by  the  thrust  may  be  such  as  to  cause  no  supping  of  one 
joint  on  another,  its  point  of  appUcation  is  sufficiently  outside  the  middle  third 
of  the  arch-ring  itself  at  the  crown  to  cause  overturning.  In  Fig.  10  the  line 
of  resistance  passes  high  up,  or  perhaps  entirely  outside  of  the  arch-ring,  in  the 
voussoirs  at  the  crown  of  the  arch  and  low  down  along  the  haunches.  In 
Fig.  11  exactly  contrary  conditions  exist. 

The  ten  ways  in  which  a  masonry  arch  may  fail  have  been  classified  as  follows:  * 
"  (x)  By  CRUSHING  of  the  masonty ;  (2)  By  suding  of  one  voussoir  upon  another; 
(3)  By  one  voussoir  or  section  of  masonry  overturning  about  an  adjacent 
voussoir  or  section;  (4)  By  shearing  in  a  horizontal  or  vertical  plane,  this 
applying  to  solid  concrete  arches  and  not  to  voussoirs;  (5)  As  a  column  when 
the  ratio  of  the  unsupported  length  of  an  arch  to  its  least  width  is  greater  than 
twelve;  (6)  From  striking  the  centering  before  the  mortar  is  hard  or  when 
the  arch,  although  stable  under  the  full  load,  is  not  stable  under  its  weight 
alone;  (7)  By  striking  the  centering  or  loading  the  arch  during  construc- 
tion unsymmetrically;  <S)  By  settlement  of  the  foundations;  (9)  By  suding 
upon  the  foundations;  (lo)  By  overturning  about  any  point  in  the  pier  01 
abutment.  Methods  (8)  and  (9)  are  the  most  common  ways  of  failure.  All 
methods  of  failure,  however,  must  be  guarded  against  in  design.  *' 

While  some  of  these  ways  of  failure  may  seem  other  than  those  illustrated 
in  the  foregoing  figures,  they  may  be  perhaps  more  properly  considered  cause:! 

*  W.  J.  Douglas  in  American  Civil  Engineering  Podtet*Book,  page  615. 
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or  VAiLUBB  than  ways  op  failusz;  and  all,  with  the  exception  of  the  first, 
tens  abont  a  poottion  of  the  line  of  resistance  in  the  arch-ring  which  causes 
iiilare  in  one  of  the  ways  noted. 

In  regard  to  the  method  of  failure  (x),  the  conditions  may  be  such  that  the 
kaifing»  although  qanmetiical,  is  so  excessive  that  although  the  line  of  resistance 
fBnama  within  the  middle  third,  the  total  pressure  on  a  joint  is  sufficient  to 
czcsa  IBB  MAiBKiAL  o(  which  the  arch  is  constructed.  Such  conditions,  how- 
ever, are  not  common. 

Fnxn  the  foregoing  discussion  it  is  evident  that  in  order  to  determine  whether 
or  not  a  given  arch  is  stable,  it  b  necessary  to  find  the  true  une  of  resistance 
cuiicsponding  to  the  conditions  of  loading,  foim  and  dimensions  of  that  par- 
ticular acch.  It  is  always  possible,  in  eveiy  arch-ring,  to  pass  one  maximum 
and  one  mdomum  une  or  resistance.  The  true  line  op  resistance  will  lie 
sooewlicre  between  these  two.  The  method  of  procedure,  therefore,  is  to  pass 
tcatativdiy,  a  line  of  resistance,  either  a  maximum  or  a  minimum  one,  and  see 
i  it  reooams  within  the  middle  third.  If  it  does  not,  as  it  may  not  be  the  true 
Ene  of  resistance,  it  docs  not  mean  necessarily  that  the  arch  is  not  stable.  The 
i^xt  step  then,  is  to  note  where  it  departs  farthest  from  the  middle  third,  and 
to  pass  a  second  line  of  resistance  through  the  same  point  on  the  crown^joint 
md  the  point  on  the  line  of  the  middle  third  where  the  original  Ime  departs 
iarthest  from  the  middle  third.  If  this  second  line  of  resistance  remains  within 
tlK  middk  third  it  is  reasonable  to  assume  that  the  arch  is  sUble.  In  these 
Tuious  operations  it  is  only  necessary  to  consider  half  the  arch  when  the  loading 
B  ^ymmctiical,  and  this  is  usually  the  case  in  architectural  problems.  The 
KinBEft  OP  voussoiRS,  also,  into  which  we  divide  the  half-arch,  is  immaterial 
aivi  the  joints  need  not  coincide  with  those  of  the  actual  arch. 

In  order  to  pass  a  line  of  resistance  through  an  arch-ring,  the  thrust  exerted 
bf  the  other  half  at  the  crown-joint  on  the  half-arch  is  first  determined. 
Tkb  thrust  is  then  combmed  with  the  resultant  of  the  weight  of  the  first  voussoir 
aad  its  load  to  determine  the  thrust  exerted  by  this  voussoir  on  the  one  next 
bdow  it,  and  this  thrust,  in  turn,  is  combined  in  the  same  way  with  the  resultant 
d  the  weight  and  the  load  of  the  second  voussoir,  and  so  on  down  to  the  spring- 
i^joint,  for  each  succeeding  voussoir.  The  points  in  which  the  various  lines 
Rpresenting  the  thrusts  cut  the  joints  are  known  as  the  centers  op  pressure, 
atul  the  line  joining  them  b  the  une  op  pressure  or  une  op  resistance.  In 
performing  this  operation,  the  center  op  gravity  of  each  voussoir  as  well  as 
the  fine  passing  through  the  center  of  gra\ity  of  the  whole  half-arch  must  be 
kcated.  The  face  of  each  voussoir  may  be  considered  a  trapezoid,  and  any 
GDC  of  the  methods  for  finding  the  center  of  gravity  of  this  figure  may  be  used 
kx  finding  the  center  of  gravity  of  each  voussoir.  The  method  of  dividing  the 
tnpeaoid  into  triangles  is  h'^.re  employed  and  is  shown  at  the  side  of  the  arch 
k  Fig.  12.  (See,  also,  Chapter  VI.  and  VII,  page  298.)  As  the  determination 
of  the  position  of  the  line  passing  through  the  center  of  gravity  of  the  half-arch 
is  the  problem  of  finding  the  resultant  of  a  system  op  parallel  forces,  the 
method  involving  the  drawing  of  the  equiubrium-polygon  may  be  used. 
The  most  convenient  way  to  determine  the  stability  of  an  arch  is  to  use  the 
graphic  method.  The  steps  in  this  method  are  outlined  in  the  preceding  para- 
graphs.    Each  of  the  operations  ^nll  now  be  considered  in  detail. 

Fint  Stop.  Draw  one-half  the  arch  to  as  large  a  scale  as  convenient,  and 
dKide  it  into  voussoirs  of  equal  size.  In  the  example  shown  in  Fig.  12,  the 
ardKring  is  divided  into  ten  voussoirs  oC  equal  face-areas.  As  already  pointed 
out,  it  is  not  necessary  that  these  should  represent  the  actual  voussoirs  of  which 
tlK  arch  is  built.     Next,  the  faoe-area  of  each  of  these  voussoirs  is  to  be  found. 
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Where  the  arch-ring  is  divided  into  voussoirs  of  equal  siise,  thb  is  most  easily 
done  by  computing  the  totol  area  of  the  arch-ring  and  dividing  this  toUl  area 
by  the  number  of  voussoirs.  The  formula  for  ^ding  the  area  of  one-haU  the 
arch-ring  is  as  follows: 

Area  in  square  feet  -  0.7854  {r*  —  n*) 

In  this  formula  r  b  the  outside  radius  and  n  the  inside  radius  m  feet. 
In  this  problem,  for  example,  if  the 

Area  of  the  arch -ring  =  o  7854  (i  2.5*  -  10*)  -  44.2  sq  ft 

as  there  are  ten  equal  voussoirs,  the  area  of  each  voussoir  is  4.42  sq  ft.  Hav- 
ing drawn  out  one-half  of  the  arch-ring,  divide  the  crown-joint  into  throe  equal 

parts,  and  with  radii 
of  CE  and  (TP  descri  l^e 
the  arcs  dividin^i^  the 
arch-ring  into  thirds. 
qp  Second  Step.  Choose 
the  points  E  and  // 
through  which  to  pass 

a  MINItfUM  UNE  OF  RE- 
SISTANCE. The  points 
jF  and  G,  through  which 

a  MAXnOTM  LINE  OF  RE- 
SISTANCE can  bepasscd, 
could  equally  well  have 
been  chosen.  It  should 
be  noted  that  an  un- 
loaded semicircular 
arch  is  more  apt  to  fail 
by  opening  at  the  in- 
trados  at  the  crown 
and  at  the  cxtrados  at 
the  spring,  and  there- 
Line  of  Pressure  in  Unloaded  Semicircular  Arch-ring    fore,  in  this  case,    the 

line  of  resistance  prol>- 
ably  passes  nearer  the  outer  third  at  the  crown  and  nearer  the  inner  third 
at  the  SPRING.  To  determine  this  MixniiTM  line  of  resistance  the  minimlm 
turust,  applied  at  the  point  E  of  the  crown-joint,  must  first  be  determined. 

The  half-arch  is  in  equilibrium  under  the  action  of  three  forces:  (i)  the 
THRrsT  AT  TiiE  CROWN,  acting  horizontally,  applied  at  the  point  E  and  prcventi  ng 
the  half-arch  from  overturning  inward;  (2)  the  weight  of  the  half-arch 
considered  as  a  vertical  force,  acting  through  its  center  of  gravity  and  tending 
to  overturn  it  inwards  about  the  point  D]  and  (3)  a  force  equal  and  opi>o- 
site  TO  THE  RESULTANT  of  these  two  forccs  and  passing  from  U  to  I.  I  is  the 
intersection  of  the  weight-line  through  the  center  of  gravity  of  the  half -arch, 
with  the  line  of  action  of  the  thnist  at  the  crown,  prolonged.  It  is  thus  possible 
to  constnict  the  triangle  of  these  three  forces  and  determine  the  magnituclc-3 
of  the  thrusts,  when  the  position  of  the  weight-line  of  the  half-arch  is  deter- 
mintH^l.  It  is  first  necessary  to  draw  a  vertical  line  through  the  center  of  gravity 
of  each  voussoir.  The  center  of  gravity  of  one  of  the  voussoirs  may  be  found 
by  the  method  of  triangles,  as  shown  in  the  supplementary  figure  at  the  si  tie 
of  the  arch-ring. 
Having  determined  the  positions  of  the  centers  of  gravity  of  the  voussoirs. 
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locate  than  on  the  voussoin  as  shown.  From  the  point  E  (Fig.  12)  lay  off  verti- 
ciSy,  to  A  scale  of  so  many  squase  units  to  a  unear  itnit,  the  area  of  each 
voussoir,  one  below  the  other,  commencing  with  the  top  voussoir.  The  length 
ot  the  line  EK  will  then  equal  the  total  area  of  the  arch-ring.  From  E  and 
K  (Fig.  12)  draw  45**  lines  intersecting  at  O.  Draw  Ow  i,  Ow  2,  Ow  $,  etc. 
Then  where  OE  intersects  the  first  vertical  line  through  the  center  of  gravity 
of  the  fint  voussoir  at  a,  draw  a  line  parallel  to  Ow  i,  intersecting  the  second 
vertical  at  b.  Draw  be  parallel,  to  Ow  3,  cd  parallel  to  Ow  3  and  so  on  to  ik. 
Draw  kL  parallel  to  Ow  10  and  prolong  it  downward  until  it  intersects  EO  pro- 
longed, at  L.  A  vertical  line  drawn  through  L  will  pass  through  the  center  of 
gravity  of  the  half  arch-ring.  Ihis  is  an  application  to  a  practical  problem  of 
the  method  o^  finding,  by  the  EQUiUBuruM-POLYOOM,  the  line  of  action  of  the 
resultant  of  a  system  of  parallel  forces.  The  weights  of  the  mdividual 
voussoirs  act  along  parallel  vertical  lines  and  the  weight  of  the  half-arch  is  their 
resultant  in  magnitude. 

Third  Sle^  To  determine  the  thrust  at  the  crown  and  the  reaction 
AT  THE  SPRING,  draw  a  horizontal  line  through  E,  the  upper  part  of  the  middle 
third,  and  a  vertical  line  through  L,  the  two  lines  intersecting  at  /  (Fig.  12). 
For  the  arch  to  be  stable,  it  is,  in  general,  considered  necessary  for  the  line 
or  resistance  to  pass  within  the  middle  third.  First,  assume  that  the  line 
cf  pressure  or  resistance  starts  at  E  and  comes  out  at  H.  Draw  a  line  lU 
the  direction  of  the  line  of  action  of  the  resultant  of  the  thrust  at  the  crown 
and  the  weight  of  the  half>arch,  and  draw,  also,  a  horizontal  line  opposite  the 
point  to  10,  between  A'  and  M.  This  horizontal  line  MN  represents  the  magni* 
tilde  of  the  horizontal  thrust  at  the  crown,  for  INM  is  the  triangle  of  the 
ffitREB  PORCES  in*  equilibrium,  the  thrust  at  the  crown,  the  weight  of  the 
kalf-arch  and  the  reaction  at  the  spring.  Draw  w  10  O'*  parallel  to  HI,  and 
the  lines  Cw  i.-Cv  2,  O^w  3,  etc.  OPE,  equal  to  f^M,  is  the  thrust  at  the 
crown,  and  w  xo  O'',  equal  to  J//,  the  reaction  at  the  spring.  /JVif  and  EKO^ 
axe  similar  triangles. 

Poorth  Step.  It  is  required  next,  to  determine  the  line  of  resistance 
through  the  arch-ring.  The  thrust  at  E  is  combined  with  the  weight  of  the 
first  voussoir;  their  resultant  is  found  and  in  turn  combined  with  the  weight  of 
the  second  voussoir;  and  so  on  for  all  the  voussoirs.  The  intersections  of  these 
resultants  with  the  joint-lines  are  the  centers  of  prei^sure;  the  line  joining 
these  centers  of  pressure  is  the  une  of  resistance. 

These  resultants  could  be  determined  by  drawing  a  series  of  parallelo- 
grams OF  forces  over  each  voussoir.  This  would  complicate  the  figure  and 
involve  unnecessary  labor.  It  is  found  more  convenient  to  draw  the  triangles 
OF  FORCES  one  after  the  other,  at  the  right-hand  side  of  the  figure  and  then 
transfer  the  results  thus  obtained  by  means  of  parallel  lines  to  the  figure 
itself,  especially  as  the  weights  of  the  voussoirs  have  already  been  laid  off  along 
the  line  EK,  at  £30  x,  w  a,  w  3,  w  4,  w  5,  etc. 

Then  from  the  point  where  O^E  prolonged  intersects  the  first  vertical  in 
voussoir  number  i,  draw  a  (green)  line  to  the  second  vertical,  parallel  to  O^^ww 
from  this  {x>int,  a  (green)  line  to  the  third  vertical,  parallel  to  O^'w  2  and  so 
on.  The  last  line  should  pass  through  U,  Join  the  various  points,  where  these 
(green)  lines  cut  the  joints  at  the  centers  of  pressure,  by  the  broken  (red)  line. 
This  last  line  drawn  b  the  line  of  resistance.  If  this  line  lies  entirely  within 
the  MIDDLE  THIRD  of  the  arch-ring,  the  arch  may  be  considered  to  be  stable. 
But  suppose  that  the  line  of  resistance  passes  not  only  outside  of  the  middle 
third  but  also  outside  of  the  arch-ring  itself;  it  is  still  possible  that  the  arch 
is  not  unsUble.    This  is  the  case  m  Fig.  12  and  we  will  next  determine  if  a 
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line  of  resistance  can  be  drawn  which  will  remain  withm  the  limits  of  the  middle 
third  of  the  arch-ring. 

rifm  Step.    The  Second  Trkl.    Reproducing  the  condition  of  Fig.   12  h 
Fig.  13,  without  the  construction  Kncs,  it  is  seen  that  the  line  of  sesistanc] 

leaves  the  arch-ring  at  R  am 

f^     enters  it  again  at  S,  while  it  i 

furthest  from  it  at  U.    If.  at  V 

a  perpendicular  is  erectc^d  to  i 

straight    line   johnng  the   twi 

points   R  and  5,  this  perpen 

dicular  line  VW,  called  the  ijni 

OF  FRACTURE,  will  be  approxl 

mately  the  trace  of  the  plan 

along  which,  with  the  line  o 

resistance  under  oonsideratioii 

the  ardi  will  tend  to  fail,  pr< 

sumedly  by  turmino  ovea  t 

the  right  about  the  point    V 

This  shows  that  the  thrust  a 

THE    CROWN,    assumed    to    h 

applied  at  the  point  £,  while  < 

sufficient  intensity  to  maintal 

equilibrium  about  H,  is  not  i 

Line  of  Fracture  in   Unloaded  Semi-    ^^!^^!^  intCQsity  to  maintal 

circular  Aich-ring  cquiUbnum  about  K.    Ifn<w 

SECOND    tArust,   of    sufficiei 

intensity  to  maintain  equilibrium  about  V,  or  better,  about  X,  can  be  ap|>li^ 

at  E  without  being  so  great  in  magnitude  that  it  will  oterturn  tbe  arc 

OUTWARD  about  G,  or  some  other  pcant  on  the  outer  line  of  the  middle  third. 


C  Q    H  D 
Fiff.  14.     Second  Line  of  Presauxe  in  Unloaded  Semkircular  Arch-ring 


is  reasonable  to  conclude  that  the  line  of  resistance  resulting  from  this  thrust 
very  nearly  the  true  une  of  resistance  in  the  arch-ring  and  that  the  ar 
is  sUble. 

In  order  to  determine  this  new  une  of  resistance  the  new  thrust  at  ti 
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ciovK  must  be  found  (Fig.  14).  The  preliminaiy  ftteps  required  for  this  are 
tk  suae  as  before  until  the  seventh  voussoir  is  reached.  This  is  divided  into 
two  nwBoirs  by  the  tine  VW  (Fig.  14),  one  being  t96  t96*  and  the  other  the 
-raaindfT  of  thn  seventh  voussoir,  and  this  division  must  be  allowed  for  along 
tk  4Did-line  EK,  at  v6  it^^.  The  line  w6  ir6'*  represents  the  area  of  vous- 
^^\  and  tbe  line  v6'  v?  the  area  of  the  remainder  of  the  seventh  voussoir. 
The  Totical  Ime  11^  passing  through  the  center  of  gravity  of  that  part  of  the 
ulf-tfcb.  above  the  line  VW^vi  found  by  prolonging  badcwards  the  line  kg^ 
puiid  to  O  w6*«  until  it  intersects  OE  at  L.  To  find  the  new  thrust  at  the 
•nowN  by  completing  the  triangle  of  forces  for  this  thrust  and  the  force 
cqxial  and  opposite  to  their  resultant,  the  inclined  (blue)  line  must  be  drawn 
tiuoa^  the  point  X  and  the  horizontal  (blue)  line  through  v6*.  The  new  thrust 
then  is  as  before  NU,  equal  to  O^E.  This  thrust  is  Uid  off  at  OPE,  the  (green) 
irt«s  O^  X.  O^w  3,  O^v  3,  etc,  being  drawn  as  before  and  the  new  line  of  re- 
^tfUnce  being  -drawn  thoou^  the  points  where  the  parallels  to  these  (green) 


Fig.  15.    Line  of  PrcMure  in  Loaded  Semicircular  Arch-ring 

^«^  cut  the  joints.  This  new  line  of  resistance,  if  drawn  correctly,  should 
Tu^  tkrough  X.  It  lies  within  the  middle  third,  except  for  a  short  distance  at 
vx.  springing,  and  hence  it  is  justifiable  to  consider  the  arch  stable.  If  it  had 
'ia5sed  outside  the  middle  third  to  any  great  extent,  m  this  second  trial,  this 
P'TeMimption  would  not  have  been  justified. 

This  discussion  explains  the  method  of  determining  the  stability  of  an  un- 
ioaded  semicircular  arch.  Such  cases  very  seldom  occur  in  practice,  but 
tfaey  serve  to  illustrate  the  methods  which  apply  generally  to  all  other  cases. 
With  loaded  arch-rings  there  is  slight  difference  in  the  method  of  determining 
the  position  of  the  center  of  gravity. 

Eaaaapla  j.  A  loaded  or  surcharged  SEMicrecuLAR  arch  (Fig.  15)  will  be 
cnoskteied  next.  Assume  the  same  arch  shown  in  Fjgs.  12,  13  and  14,  and  sup- 
pose it  to  be  loaded  with  a  wall  of  masonry  of  the  same  thickness  and  weight 
per  square  foot  as  that  of  the  arch-ring,  the  upper  surface  of  the  wall  being  an 
mriiBed  plane,  i  ft  above  the  arch-ring  at  the  crown,  and  8  ft  above  it  at  the 
5x>ring;    The  assumption  of  the  particuhir  load  in  this  case  is  a  purely  arbitrary 
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one  for  the  purpose  of  illustrating  the  method  of  solution.  The  determination 
of  the  ACTUAL  hOAD  that  comes  upon  an  arch  in  any  given  case  is  hy  no  means 
easy,  so  numerous  are  the  uncertain  elements  that  affect  the  transmission  of 
this  load  to  the  arch-ring. 

The  customary  procedure  b  to  assume  that  the  load  b  itself  transmitted  to  the 
arch-ring  vertically  downward.  Each  voussoir  thus  receives  that  portion  of 
the  load  which  is  included  between  two  vertical  lines  drawn  to  the  points  of 
intersection  of  the  joints  on  either  side  of  that  voussoir  with  the  cxtrados.  Hav- 
ing made  this  assumption  it  is  necessary  next  to  determine  how  much  of  the 
total  superimposed  masonry  bears  upon  the  arch-ring. 

It  is  a  matter  of  common  observation  that  if  an  opening  is  made  in  a  waU, 
espedally  in  a  wall  that  has  stood  for  some  time,  the  major  portion  of  the  masoniy 
above  this  opening  is  self-supporting,  limited  portions  only,  bounded  by  a  some- 
what irregular  line,  falling  down  into  the  opening,  as  shown  in  Fig.  16.    The 

profile  of  this  boundary-line  depends  upon 
the  nature  of  the  material  of  which  the 
wall  is  constructed,  the  size  of  the  stones, 
bricks,  etc.,  the  character  of  the  bond 
and  the  quality  of  the  mortar.  This 
being  the  case,  all  the  masonry  above  an 
arch  should  not  be  oonaidend  as  the 
load  on  it.  Some  authorities  recommend 
considering  as  the  proper  load,  for  brick- 
work, a  TRIANCUL/IR  PART  of  the  Wall, 
the  sides  of  which  triangle  have  an  in- 
clination to  the  horisontal  of  45^;  others 
f   T     J-  assume  an  inclination  of  60"  (Fig.  16). 

"*^!LiiSL  "*   "^    ^^*  *^*°'  Chapter  XV,  page  6ia.)    The 

^*"°*  exact    determination    of    this    load    by 

mechanical  laws  is  difficult  if  not  impossible.  It  is  better  to  consider  each 
case  separately  and  by  a  careful  study  of  the  conditions  to  determine  as  closely 
as  possible  just  what  portion  of  the  weight  of  the  superimposed  masonry  is 
transmitted  to  the  arch.  Having  assumed  a  load  for  this  particular  arch-ring 
(Fig.  15),  the  procedure  is  as  follows: 

First  Stap  of  Bsampia  3.  This  involves  the  finding  of  the  center  of  gravity 
of  the  ARCH-RINO  and  load  combined.  Divide  the  arch-ring  into  five  voussoirs 
of  equal  size.  In  this  case  the  area  of  each  voussoir  is  equal  to  44.2  sq  ft•^5,  or 
8.8  sq  ft.  (See  under  First  Step,  Fig.  12,  preceding  example.)  The  surcbargc 
or  load,  also,  is  divided  into  five  parts,  not  necessarily  equal,  by  drawing  ver- 
tical lines  to  the  points  of  intersection  of  the  joints  and  the  extrados.  The  ap- 
proximate area  of  each  one  of  these  surcharges  is  found  by  multiplying  half 
the  sum  of  the  lengths  of  the  two  parallel  vertical  sides  by  the  lengUi  of  the 
horizontal  distance  between  them. 

The  positions  of  the  center  of  gravity  of  each  voussoir  and  of  the  center  of 
gravity  of  each  voussoir-surcharge  are  determined  as  in  the  preceding  example. 
The  CENTERS  OF  GRAVITY  of  these  SURCHARGES  can  be  found  by  dividing  each 
trapezoidal  figure  into  triangles  as  shown,  remembering  that  the  medial 
LINE  in  this  case  joins  the  middle  points  of  the  two  parallel  faces.  As  the  Utter 
are  vertical,  the  medial  lines  approach  a  horizontal  direction.  This  construc- 
tion is  shown  on  surcharge  i",  Fig.  15.  Having  drawn  the  lines  of  action  of 
the  weights  of  the  various  voussoirs  and  of  their  loads  through  their  respective 
centers  of  gravity,  the  lines  of  action  of  the  combined  weight  of  each  voussoir 
and  its  load  must  be  found.    The  construction  for  this  opention  is  shown  at 
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tfee  Wt  ol  Fig.   15.      The  method  used,  that  of  the  equilibrium-polygon, 

E  tbe  same  as  that  employed  in  the  previous  example  to  find  the  line  passing 

through  the  center  of  gravity  of  the  half-arch,  only  in  this  case  the  forces  are 

rcfiiced  to  two.     Furthermore,  as  the  areas  of  the  various  voussoirs  are  equal 

k  K  passible  to  superimpose  the  different  force-diagrams,  one  over  the  other, 

ad  so  save  coxiaderable  labor.    Begin,  therefore,  by  laying  off  along  the  line 

£S  u  the  left  of  the  loaded  arch,  and  at  any  convenient  scale,  /w,  the  area 

>*qght)  of  a  voussotr;  then  from  w,  in  turn,  the  distances  w  i^,  w  2*^,  w  3^,  etc., 

itpDcsentizig  the  areas  oi  the  successive  surchaiges,  i'^,  2^  3^*,  etc.,  always  at  the 

^sie  scale.     The  scale  to  be  employed  later  for  lasring  off  the  combined  weights 

<x  die  voussoirs  and  their  loads  along  the  line  AK\s  the  best  one  to  choose,  but 

Dc  difference  in  scales  is  not  importanL    In  this  particular  instance  the  two 

poiats  I*  and  5**  coincide  because  the  two  areas  i"  and  5**,  although  of  different 

ii^apes^  are  each  equal  to  6.7  sq  ft    This  is  a  mere  coincidence.    Next  draw 

.< '*'  and  4*  O"  at  45°  to  RS,  and  in  turn,  0"w,  O":**,  0"2«,  etc    As  the  problem 

«iach  presents  itself  is  to  combine  the  weight  of  each  voussoir  with  its  individual 

udiarge,  and  as  the  weights  of  all  the  voussoirs  are  equal,  and,  furthermore, 

6  the  forces  which  are  to  be  combined  to  find  their  resiiltant  are  only  two,  the 

:«9  FOLK-LINES  or  RAYS  0"f  and  Cy'w  in  the  force-diagram  serve  in  each  case, 

cd  the  ftinicitlar  polygon  is  reduced  to  a  triangle.    Draw  gh,  ik^  Im,  np 

cd  rs  paralle!  to  0"w,  and  kt,  ku,  mv,  px  and  sy  parallel  to  0"f;  and  draw  gt, 

a.  fe,  fix  and  ry  paiaUel  respectively  to  0"i*,  Ca",  (T's^'f  0"4"  and  C's'*.    The 

points  I,  «,  p,  X  and  y  are  the  points  through  which  to  draw  the  heavy  (red) 

■es  of  action  of  the  combined  weights  of  the  voussoirs  and  their  surcharges. 

Having  found  and  drawn  these  lines,  the  procedure  for  finding  the  line  IN  is 

:be  same  as  in  the  previous  example,  except  that  the  distances  Ewi  i^,  vi  i", 

R  }^,  etc.,  instead  of  being  equal  to  the  weights  of  the  voussoirs  alone,  are 

qaal  to  the  confined  weights  of  each  voussoir  and  its  surcharge,  Ewi  i^,  being 

flqeal  to/i*.  wi  i*  to  wa  a"  being  equal  to/  2",  etc 

The  fine  EO  is  drawn  at  45**  to  ^40',  but  as  the  position  of  the  pole-point, 

J.  is  entirely  arbitrary,  the  line  Ow  s  S^  has  been  drawn  in  this  case  in  such  a 

n>*  that  O  falb  well  over  toward  the  left  of  the  figure,  thus  avoiding  a  certain 

anmt  of   confusion  in  the  drawing  which  would  have  resulted  if  Oze>  5  5" 

ad  made  an  an^e  of  45**  with  A  O'.    The  lines  ab^  be,  ud  and  de  are  drawn  respec- 

:r.el>-  parallel  to  wi  i^'O,  W2  2°0,  etc.,  and  cL  is  produced  backward  parallel 

tj  Ohv  s  5*  until  it  intersects  EO  at  L,  which  is  the  point  through  which  the 

kavy  (red)  line  IN^  passing  through  the  center  of  gravity  of  the  whole  half-arch 

aid  its  surchazKe,  should  be  drawn.    A  vertical  line  drawn  through  L  will  pass 

thraogh  the  center  of  gravity  of  the  arch-ring  and  its  load.    If  this  were  an  arch 

(ioigned  for  a  building  and  if  the  only  abutments  possible  were  of  such  size  and 

iarm  tiiat  it  was  essential  for  the  thrust  exerted  by  the  last  or  fifth  voussoir  on 

tb«se  abutments  to  approach  more  nearly  the  vertical,  the  architectural  expedient 

fli  increasing  slightly  the  weight  of  the  surcharge,  5**,  on  this  voussoir  by  adding 

seme  piece  of  ornament,  such  as  a  cartouche,  could  be  resorted  to.    A  case  of 

tbb  kind  in  actual  practice'is  the  archway  over  the  entrance  to  the  service-court- 

yud  of  the  Grand  Opera  House  in  Paris,  where  the  pjramidal  stone  ornaments 

«iuch  surmount  the  cornice  on  either  side  of  the  central  motive  were  added  after 

the  original  design  was  made,  with  this  end  in  Wew.    In  the  example  illustrated 

k  Fig.  15  the  areas  of  the  faces  of  the  surcharges  are  shown  by  the  figures  on 

tlsse  faces.    For  the  second  surcharge  from  the  crown,  for  example,  the  area 

'^  S.i  sq  ft. 

Saeood  Step  of  Kwmple  3.    This  involves  the  determination  of  the  thrust 
at  tHE  csowN  and  the  line  of  resistance.    The  method  of  finding  this  thrust 
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i£  die  crown  is  similar  to  that  employed  in  the  previous  example.  In  that 
ouBple,  however,  it  was  found  that  this  thrust,  applied  at  E  and  determined 
S-  Mstiming  H  as  the  point  of  application  of  the  reacticm  at  the  spring,  produced 
ihxci  resistance  which  fell  considerably  below  the  middle  third.  But  instead 
d  pofonning  the  oi>erations  required  by  a  second  trial,  as  in  the  previous  exam- 
^  the  expedient  b  tried  of  slightly  increasmg  the  incUnatlon  to  the  vertical 
of  the  (blue)  line  IM,  and  so  assximing  a  somewhat  greater  thrusi  at  the 
dowN.  As  the  line  of  resistance,  as  shown  in  Fig.  15,  passed  with  this  thrust 
icpirts  but  slightly  from  the  middle  third  near  the  springing,  we  are  justified 
'\i  \^nnmg  that  this  arch  is  stable  under  the  given  conditions.  The  method 
.ied  for  this  example  may  be  used,  also,  for  a  semielliptical  arch. 

Smmplc  4.  This  examine  (Fig.  17)  illustrates  the  application  of  the  preced- 
j^  methods,  with  some  variations,  to  the  determination  of  the  position  of  the 
oater  of  gravity  of  a  loaded  segmental  arch,  the  thrusts  at  the  crown  and 
9ri&g  and  the  line  of  pressure  or  resistance  through  the  arch-ring.  In  this  case, 
h-tead  of  dividing  the  arch-ring  into  a  certain  number  of  voussoirs  with  joints 
adiating  from  a  center  and  considering  the  surcharge  on  each  individual  voussoir, 
t3c  method  of  dividing  the  arch-ring  and  its  load  into  vertical  suces,  in  thia 
ast  tiFO  feet  wide,  and  computing  the  areas  of  the  entire  slices  has  been  adopted. 
Having  computed  the  areas  of  the  slices,  including  in  each  case  the  combined 
mas  of  the  sliced  part  of  the  arch-ring  and  its  surcharge,  we  lay  them  off  in  order 
irm  £,  to  a  convenient  scale,  and  then  proceed  as  in  the  previous  examples. 
Tk  moaining  steps  required  to  determine  the  thrusts  at  the  crown  and  at  the 
7«i]ig  and  the  line  of  resbtance  are  also  the  same  as  explained  in  the  foregoing 
*4ragraphs.  In  a  flat  segmental  arch  there  b  practically  no  need  of  dividing 
'2e  arch-rins  into  voussoirs  by  joints  radiating  from  a  center,  m  order  to 
Jftermxne  its  stability.    Of  course,  when  built,  they  must  be  made  to  radiate. 

Fig.  17  shows  the  graphical  analysis  of  an  arch  of  40-f t  span  and  carrying 
2  'o»d  13^  ft  high  at  the  crown.  The  depth  of  the  arch-ring  b  2  ft  6  in.  It  is 
«a  that  the  line  of  resbtance  lies  entirely  within  the  middle  third,  and  that 
Qe  axch  is  therefore  stable.  It  is  to  be  noted  that  the  line  of  resbtance  in  a 
SuMENTAi.  arch  should  be  drawn  through  the  lower  or  inner  edge  of  the 
addle  third  at  the  springing.  It  is  to  be  noted,  also,  that  the  horizontal  thrust 
at  the  crown  and  the  thrust  T  against  the  supports  are  very  great  when  com- 
tared  with  those  in  a  semicircular  arch;  and  hence,  although  the  segmental 
lara  b  the  stronger  of  the  two,  it  requires  much  heavier  abutments.  The  fore- 
piag  examples  serve  to  show  the  various  methods  of  determining  the  stability 
ad  thrasts  of  any  arch  used  in  buildings. 

Xexofarccd-Concrete  Arches.  Many  arches  are  now  built  of  concrete  rein- 
^Rxd  by  steel  ribs.  Such  arches,  however,  are  much  more  conunon  in  dvil 
c^Deamg  than  in  architectural  structures  and  so  hardly  come  within  the 
pcovinoe  of  an  architect's  handbooks  Many  comprehensive  and  practical 
pa{«s.  however,  on  such  arches  have- been  published  in  recent  engineering  Uter- 
Atuie. 
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CHAPTER  IX 

REACTIONS  AND  BENDING  MOMENTS  FOB  BEAMS 

By 
CHARLES  P.  WARREN 

ASSISTANT   PROFESSOR    OF   ARCHlTECn'RE,   COLlTlfBIA    rNI\'ERSlTY 

1.  Reactions  for  Beams 

Definition  of  Reaction.  One  of  the  fundamental  principles  of  static  equilib- 
rium is  that  the  sum  of  all  the  forces  acting  upon  a  body  in  one  direction  must  be 
balanced  by  the  sum  of  another  set  of  forces  acting  in  the  opposite  direction. 
Therefore,  in  the  case  of  a  beam  or  girder,  the  loads  acting  downward  must  be 
balanced  by  an  equal  set  of  forces  at  the  supports,  acting  upward.  These  up- 
ward forces  are  called  thrusts,  or  reactions  and  in  computing  the  strength 
of  beams  one  of  the  first  steps  is  to  determine  them,  since  the  loads  are  usually 
given  in  intensity  and  position. 

The  Principle  of  Moments.  The  reactions  may  be  determined  by  the 
application  of  another  fundamental  principle  of  static  equilibrium  for  forces 
acting  in  the  same  plane.    The  algebraic  sum  of  the  moments  of  all  the  forces 
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Fig.  1.     Simple  Beam.     One  Concentrated  Load 

taken  about  any  point  in  the  plane  in  which  they  act  must  be  zero.  The  moment 
OF  A  FORCE  about  a  point  is  the  product  of  the  magnitude  or  intensity  of  the  force 
by  the  perpendicular  disUnce  between  the  line  of  action  of  the  force  and  the 
point.  The  perpendicular  distance  is  called  the  lever- arm,  and  the  point 
the  CENTER  of  moments.  Forces  acting  upward  are  considered  POsmvE  and 
those  acting  downward  are  considered  negative.  The  center  of  moments  may 
be  taken  at  any  point  in  the  plane  of  action  of  the  forces,  but  it  is  more 
convenient  to  take  it  at  one  of  the  reactions.  For  example,  the  beam  in  Fig.  1 
support*  a  concentrated  load  P  at  the  distance  m  from  the  left  support.  To  find 
the  left  reaction  take  the  center  of  moments  at  the  right  reaction.    Then  the 

EQUATION  OF  MOMENTS  IS 

Rd-  Pn^o 
from  which  i?4  .  Pn/l  (i) 
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Id  See  maiiMr.  to  find  Ra  the  ceater  of  momaits  is  taken  at  Rt  and  the 
jq^atioD  of  moments  is 

Rd-Pm^o,  from  which  Rt  -  Pm/l  (i)' 

Fnni  the  first  principle  of  statics  mentioned,  Ri-k-Rt  must  equal  P;  hence,  as 
^cbedL^  Pm/l-^  Pm/l  ^  P. 

FTtmjia  I.  Let  a  beam  15  ft  in  span  support  a  concentrated  load  of  Tbo  Ibt 
c  fi  from  the  left  end;  or,  P  >«  700,  m  >«  6  and  fi «  9.  Then,  from  Fonnula  (i)» 
ii>  700x9/15 -420  lb.    i^s- 700x6/15**  280  lb  and  4so+a8o«- 700  lb. 

For  a  concentrated  load  at  the  middle,  or  for  a  uniform  load  over  a  simple 
beam,  it  is  evident  without  applying  the  conditions  of  equilibrium,  that  each 
reaction  is  one-half  the  load,  for,  in  Formulas  (z)  and  (i)',  m  and  n  each  equal 
J  2  and  i^i  and  RfHP. 

For  any  number  of  concentrated  loads  (Fig.  2)  the  reactions  may  be  found  by 
aciing  toBetber  the  reactions  found  by  Formula  (i)  due  to  each  load  Separately, 
a  they  may  be  computed  in  one  operation  by  the  following  formula: 
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Fig.  2.     Simple  Beam.    Thiee  Concentrated  Loads 


To  find  the  right  reaction,  the  center  of  moments  !s  taken  at  the  left  support, 
vA  the  equation  of  moments  b 

R^-Pmt  -  P^nt-Ptm  -  o 
P\m\  +  Pjint  4-  Pimt 


aence. 


«t- 


(2) 


la  like  manner,  to  find  ^1  the  center  of  moments  is  taken  at  Ri  and  the  equa- 
Oui  of  moments  is 

JSJ  -  Pifii  -  Psfis  -  Ptfis  -  o 
fromwhidi 

PiWi  +  PtfH  +  PtWl 


Ri 


I 


(3) 


jle  3.  Suppose  the  beam  in  Fig.  2  is  ao  ft  in  length.  Let  there  be 
three  concentrated  loads  of  500,  800  and  600  lb  placed  5,  9  and  12  ft  respectively 
fmm  the  left  support.  Then  / »  20,  mi «  5,  im  -  9,  mt »  la,  Pi  -  500,  P%  ■•  800 
led  P«  *  600.    Substituting  in  Formulas  (1)  and  (3), 

-      5ooX5-t-8ooX9-H6ooXi2  ^  .  ^  ,. 

20 

„     500X  15 -fSooX  11  +  600X8  - 

Rs 1 055  lb 


sod 


SOo  +  8oo+€oo-a45+»05S-i»oolb 
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To  find  the  reactions  for  a  combination  of  uniformly  distributed  and 
centrated  loads,  to  each  of  the  reactions  obtained  by  Formulas  (i)  or  (2)  fo 
concentrated  loads,  add  one-half  the  distributed  load.  Thus,  suppose 
20-ft  beam  in  this  example  weighs  40  lb  per  linear  ft.  This  is  considered 
uniformly  distributed  load  and  for  the  entire  beam  it  is  40  lb  X  20  »  Sex 
By  the  nile,  one-half  of  this  is  added  to  each  reaction,  so  that  the  total  read 
are^  R\  -  84s  +  400  ■■  i  24s  lb  and  J^  -  1 055  +  400  ■•  i  455  lb. 

Eiample  3.  For  a  distributed  load  applied  over  only  a  part  of  the  span,  1 
Fig.  3,  assume  the  load  to  be  concemtrated  at  the  ioddle  of  the  part 


t 


¥- 


-m-5.5-- 


w  -  60 1  w.  per  ft. 


{ 


•1-10' 


Fig.  3.     Simple  Beam.     Dbtributed  Load  over  Part  of  Span 

which  it  acts  and  use  Formulas  (i)  and  (i)'.  For  example,  let  w  (Fig.  3)  equa 
lb  per  linear  ft,  applied  for  a  distance  of  5  ft  over  the  beam.  Then  W,  the  t 
load,  is  50  lb  X  5  ■■  250  lb.  This  may  be  assumed  to  be  concentrated  at 
center,  4.5  ft  from  the  left  support.  Then  P  =  250,  m  =«  4.5  and  » =-  5.5; 
from  Formulas  (z)  and  (i)', 

^i  -  -^ — -^  -  1375  lb 


and 


Rt' 


10 
10 


>  Z12.5  lb 


Therefore,  for  any  combination  of  concentrated  and  uniform  loads  distribu 
over  the  entire  beam,  or  over  only  part  of  it,  find  the  reactions  due  to  the  < 
centrated  loads  by  Formulas  (i)  or  (2),  and  to  them  add  the  reactions  due  to 
uniformly  distributed  loads. 

2.  Bending  Moments  in  Beams* 

Definitions.  The  bending  moment  is  a  measure  of  the  tendencies  of  forcd 
break  a  beam  by  bending  or  flexure.  Fig.  4  shows  the  manner  in  whic! 
simple  beam,  supported  at  the  ends,  breaks  when  subjected  to  a  load  grea 
than  it  can  bear.  The  effect  of  a  load  upon  a  beam  is  to  cause  it  to  sag, 
BEND.  The  bending  of  the  beam  shortens,  or  compresses,  the  upper  fibers  t 
8tretchea»  or  elongates,  the  lower  fibers.    So  long  as  the  resistance  of  the  fifa 

*  See,  also.  Chapter  XV,  paces  555  to  563* 
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\D  aiiortening,  or  compression,  and  to  stretching,  or  tension,  is  greater  than 
tk  tendency  of  the  load  to  disrupt  them,  the  beam  carries  the  load;  but,  when 
be  bad  causes  a  greater  tension,  or  compression,  on  the  fibers  than  they 
aa  capable  of  resisting,  the  beam  breaks.  The  stretching  of  the  fibers  before 
breakhig  allows  the  beam  to  bend;  hence,  the  name  bendino  mohent  has  been 
futa  to  the  forces  causing  a  beam  to  bend  and  perhaps  ultimately  to  break. 


Maimer  of  Rupture  of  Simple  Beam 


b  order  to  calculate  the  flexural  strength  of  a  beam,  it  is  necessary  to 
isoETtain  the  nature  and  extent,  first,  of  the  external  forces  acting  to  break 
tAf  beam,  and  secondly  of  the  internal  forces  or  stresses  tending  to  resist 
n^^ire.*  The  external  forces  tending  to  break  the  beam  by  flexure  are  the 
>TKWARD  ix»ADS  and  the  upward  reactions.  Each  acts  with  a  leverage 
end  to  the  perpendicular  distance  from  its  line  of  action  to  the  section  at 
v^hidi  the  beam  tends  to  break.  The  algebraic  sum  of  the  moments  of  these 
eraoal  forces  on  the  left,  or  right,  of  any  section  is  called  the  bending  moment 
fcr  that  section,  since  it  is  the  moment  OF  the  resultant  of  the  forces  which 
tsds  to  bend  the  beam  at  that  section.  It  is  generally  designated  by  M.  Then, 
irom  the  definition,  the  bending  moment  for  any  section  of  a  beam  resting  on 
t«o  supports  and  in  a  state  of  flexure  under  a  load  or  loads  is  if  i*  the  moment 
cf  either  reaction  minus  the  sum  of  the  moments  of  the  loads  between  that  reac- 
'J31  and  the  section.  The  moment  of  the  reaction  is  upward,  or  positive,  and 
tk  moment  of  any  load  downward,  or 
sxgativc,  if  the  part  of  the  beam  on  the  left 
•a'  tiic  section  b  considered. 

1  Rending  Moments  in  Beams  for  Dif- 
ferent Kinds  of  Loading 

Case  I 

Baarn  Fixed  at  One  End  and  Loaded  with  a 
Caaccotcated    Load    P,    Near    the    Free    End 

•  F»    g ) 

^  „  Fig.  6.     Cantilever  Beam.     Con- 

Maximiim  bending  moment,  at  wall  -  P  X  /      ccntratcd  Load  near  Free  End 
Bending  moment  at  any  other  section  x  ^  Px 

Note.    If  /  is  in  feet,  the  bending  moment  wiH  be  in  foot-pounds;   if  /  is  in 
bches,  the  bending  moment  will  be  in  inch-pounds. 

Case  n 

Beam  Vised  at  One  Bad  and  Loaded  with  a  Uniformly  Distributed  Load  IV. 

Tig-fJ 
Maximum  bending  moment,  at  wall  -  Wxl/2 
At  any  other  section  x,  M  "  wxX  x/i  =  wjc'/a 
ffote.    W  "wl  and  tr  «  the  load  per  unit  of  length. 
*  See  Chapter  X  for  a  diacusaion  of  these  internal  stresses  and  of  the  resisting  moment. 
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Case  m 

Btam  Fixed  at  One  End  and  Loaded  with  Both  a  Concentrated  and  a  Unifom^ 
Distiiliated  Lead  (Fig.  7). 
Madmum  bending  moment,  at  wall  -  P  X  A  +  TT  X  li/i 


Fig.  6.     Cantilever  Beam.    Uni- 
formly  Dbtributed  Load 


Fig.  7.    Cantilever  Beam.     Distrib- 
uted Load  and  Load  at  Free  End 


Case  IV 

Beam  Supported  at  Both  Bnds  and  Loaded  with  a  Concentrated  Load  at  ti 
Middle  (Fig.  8). 
Maximum  bending  moment,  under  the  load  *  PI/4 


-^^ 


1 


Fig.  8.    Simple  Beam.     Concentrated  Load  at  the  Middle 


Case  V 

Beam  Supported  at   Both  Ende  and  Loaded  with  a  Uniformly  Distrilml 
Load  W  (Fig.  •). 
Maximum  bending  moment,  at  the  middle  -  H^Z/S 


^ 


pv.  -.M  V v.v.^.i^-A .-v' ■  V'^^W-'^^'^^' 


a 


3. 


-^i^ 


w 


Fig.  9.    Simple  Beam.    Unifotmly  Distributed  Load 
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Case  VI 

3mm  Supported  at  Both  Bods  and  Loaded  with  a  CdQcentrated  Load  sot  at  the 

Xjddto  (Vis.  10). 
UaTiTnnm  beof^lng  momeiit,  under  the  load  ■-  Fmn/l 


Fig.  la    SimpkBeam.    ConBentzated  LokI  not  at  the  Middle 

CSM  VH 

Uua  Supported  at  Both  Boda  and  Loaded  SymmetricaUj  with  Two  Bqnal 
CMceatcated  Loads  CPlg.  U). 

i.f««t«nwi  bending  moment  >■  Fm  and  is  the  same  for  any  section  of  the  beam 
betveca  the  two  feads. 


fcl 


P 


X, 


<-  fW— »- 


Fig.  11.     Simple  Beam.    Two  Concentrated  Loads  Symmetncally  Placed 


W 

.^•> 


r 


Fnm  these  examples  it  will  be  seen  that  all  the  qnantHies  wliich  enter  into 
!k  oompotatton  of  the  bending  moment  are  the  load,  the  span  and  the  distance 
tf  the  point  of  appUcatioo  of  the  load  from  the  center  of  moments. 

Case  Vm 

Beam  Sapported  at  Both  Bnds  and  Loaded  with  a  Distributed  Load  Orer  Part 
cf  (he  Spaa  (Pig.  IS). 


Fig.  12.    Simple  Beam.    Distributed  Load  over  Part  of  Span 


I  bending  moBBcat,  under  the  center  of  the  load  -  Wmn/l--  Wh/& 
Wtacmsi  aad  n  afe  ecfoal  the  bending  moment »  Wxl/^-WX  li/S 
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Bnunjile  4-    InFig.  12let  W  -  800 lb,  m  *  8ft, »  -  12  ft,  /  -  ao  ft  and  A  «  8  ft. 
Then  the  bending  moment 

800X8X12  800X8  00  lU  ^      O      •       .W 

— — r —  -  3  840  —  800  ■«  3  040  lb,   or  36  480  m-Ib 

20  o 

Examjile  $•    In  Fig.  12  let  m  ■>  » >■  zo  f t,  /  ■■  20  f t,  /i  ■■  4  ft  and  W  ■■  600  lb. 
Then  the  bending  moment 

600  X  20      600  X  4  ,^ ,.  ... 

■• —  =  3  000  —  300  =  2  700  It-lb,  or  32  400  m-lb 

4  8 

The  Bending   Moment  for  any  Case  Other  Than  the  Above  may  easily  be 
obtained  by  the  graphic  method,  which  will  now  be  explained. 

4.  Graphic  Method  of  Determining  Bending  Momenta  in  Beama 
Beam  with  One  Coaoeatxated  Load  (Fig.  IS). 

The  BENDING  MOMENT  of  a  beam  supported  at  both  ends  and  loaded  with  one 
concentrated  load  may  be  determined  graphically,  as  follows: 

Let    P    be    the    load, 

-fH^>iS* — » H  applied  as  shown.     Then, 

by  the  rule  under  Case  VI, 

the      MAXIMUM      BENDING 

MOMENT  is  under  the  load 
and  -  Pmn/l 

Draw  the  beam,  with 
the  given  span,  accurately 
to  scale,  and  measure  down 
the  line  i4B,  to  a  scale  of  \ 

TOOT-POUNDS  to  the  LINEAR 

INCH,    a    distance    equal  I 
to  the   bending   moment. 
Connect  B  with  each  end 


Bending-moment  Diagram. 
Load 


One  Concentrated 


of  the  beam.  To  find  the  bending  moment  at  any  other  point  of  the  beam, 
as  at  0,  draw  the  vertical  line  y  to  EC.  Its  length,  measured  to  the  same 
scale  to  which  AB  \s  drawn,  will  give  the  bending  moment  at  0.  The  figure 
DEC  AD  is  called  the  bending-moment  diagram  and  the  lines  BD  and  BC 
are  called  influence  lines  for  the  bending  moments. 


Fig.  14.     Bending-moment  Diagram.    Two  Concentrated  Loads 

Beam  with  Two  Concentrated  Loads  (Fig.  U). 

To  draw  the  bending-moment  diagram  for  a  beam  with  two  concentrated 
loads,  draw  the  dotted  Imes  ABD  and  ACD,  giving  the  bknding-moment  oia- 
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cuiB  for  emch  load  separatdy.  EB  is  laid  out  to  scale,  equal  to  Pmm/l  and 
#C  equal  to  Pif^// 

Ibe  hmding  moment  at  the  point  E  is  equal  to  EB  (from  the  load  P)  +  £6 
[3om  the  load  Pi),  or  if  -  £f  +  £6  -  EBi;  and  at  F  the  bending  moment  is 
eqal  to  FC-^Pc-^PCu  The  bending-mohent  diagram  for  both  loads  is 
ABC  J)  and  the  maximum  bending  moment  is,  in  this  particular  case,  the  line 
fCi  measured  to  scale. 

Betm  widi  Three  Concentrated  Loads  (Fig.  U). 

Proceed  as  in  the  last  case,  and  draw  the  bendino-moment  diagram  for  each 
bad    Kpazately.     Make    AD >»  Ai -k- Aa ■\- A^,    B£-3i  +  Ba  +  ^3    and 


Fig.  15.    Bending-mookent  Diagram.    Three  Concentiated  Loads 

CF^Cj.-\-C2-\'C$.  The  figure  EDEFIU  will  then  be  the  bemdwo-mo- 
XEXT  DiACSAM  Corresponding  to  all  the  loads.  The  bending-moment  diagram 
Iv  %  beam  with  any  number  of  concentrated  loads  may  be  drawn  in  the  same 
way. 

Beam  with  a  Uniformly  Distrifmted  Load  (Fig.  16). 

Draw  the  beam  with  the  given  span,  accurately  to  a  scale  as  before,  and  at 
tae  middle  of  the  beam  draw  the  vertical  line  ^IB,  to  a  scale  of  a  certain  number 

ff    lOOT-POUNDS     to  ^ 

tie    iniCAR     inch,  -^ 

oijal  to  Wl/Z,  from  ^^ 

G3C  V.  IT  rcpresent- 
r^  the  whole  distrib- 
Ued  load.  Connect 
the  points  C,  B,  D  by 
a  paraboia  to  obtain 
the  bending-moment 
diagram.  To  find 
the  bending  moment 
at  any  point  a,  draw 
the  vertical  line  db, 
it    to    the 


Bending-moment  Diagram. 
Whole  Beam 


Distributed  Load  over 


same  scale  to  which  i4B  is  drawn,  and  it  will  be  the  bending  moment  desired. 
Methods  for  drawing  the  paraboia  will  be  foimd  in  Part  I,  page  79. 

Baaa  Loaded  wifh  Bodi  Dislribvtad  and  ConceBtrated  Loads  (Fig.  17). 

To  determine  the  bending  moments  in  this  case,  combine  the  bendino-moment 
diagrams  for  the  concentrated  loads  and  for  the  distributed  load,  as  shown  in 
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Fig 


17.     Bending-momeDt    Diagram. 
Concentrated  Loada 


Distributed 


Fig.  17.  The  bending  moment  at  any  icctian  of  the  beam  will  then  be  Unaito 
by  the  line  ABC  on  top  and  by  the  line  CDEFA  on  the  bottom;  and  the  maj 
xilUM  BXNDDio  UOMENT  wiU  be  the  bngest  vertical  line  that  can  be  draw 

between  these  t« 
boundhig  lines. 

For  example,  tfa 
bending  moment  at  ^ 
is  BE,    The  point  < 

liAXnCUM  BENDING  MC 

MENT  depends  upon  th 
position  of  the  conoer 
trated  loads  and  th 
relative  magnitude  < 
the  distributed  loa< 
it  may  or  may  n< 
occur  at  the  middle  < 
the  beam  or  under  or 
of  the  concentrate* 
loads. 

Example  6.  Whj 
is  the  greatest  bendir 
moment  in  a  beam   i 

3o  ft  span  (Fig.  16),  loaded  with  a  distributed  load  of  8oo  lb,  a  concentrated  load  i 

500  lb  6  ft  from  one  end,  and  a  concentrated  load  of  600  lb  7  ft  from  the  other  enc: 
Solution,    (i)  The  maximum  bending  moment  due  to  the  distributed   loa< 

from  Case  V,  is  If //»,  or  800  X  ao/8  -  a  000  ft-lb.    Lay  off  vertically  over  tl 

middle  of   the  beam, 

and  at  any  convenient 

scale,  say  4  000  f t-Ib  to 

the    inch,    Bi  -  2  000 

ft-lb,  and  draw  a  parab- 
ola through  the  points 

A,   B   and   C.      (See 

page  79) 

(2)  The  maximum 
bending  moment  for 
the  concentrated  load 
of  500  lb,  from  Case 
VI,is50oX6Xu/ao, 
or  2  loo  ft-lb.  Draw 
E9  "  2  100  ft-lb  to  the 
same  scale  as  Bi,  and 
then  draw  the  lines 
AE  and  CE.  1 

(3)  The  maximum  bending  moment  for  the  concentrated  load  of  ^oe  lb, 
like  manner,  is  600  X  7  X  li/ao,  or  2  730  ft-lb.    Draw  ZJj  -  a  73©  ft^lb  ai 
connect  D  with  A  and  C 

(4)  Make  EH  equal  to  the  distance  from  2  to  4,  and  DG  to  the  distance  fro 
3  to  s,  and  draw  ABGC. 

The  MAxncxnr  bbndino  iiomNT  will  be  repreaeiited  by  the  longest  vertic 
Unc  which  can  be  drawn  between  the  parabola  ABC  and  the  bcoken  line  AHd 
In  this  example  the  ftoogest  vertical  Uoe  which  can  be  drawn  ii  JCy»  and 
i  5  590  f  t4b. 


Bending-nx>m«nt    Diagram. 
Concentrated  Loads 


Distributed     ai 
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The  poatkn  of  tlie  line  Xy  is  determined  by  drawiog  the  line  TT\  penllel 
to  EG  and  tangent  to  ABC,  The  verticai  fine  Xy  is  drawn  thiongh  the  point 
oftiQgeQcy. 

ir««B.  To  change  the  bending  moment  to  imch-poitiids  multiply  the  mo- 
Qcat  in  looT-FODNDS  by  za. 
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CHAPTER  X 

PROPERTIES  OF  STRUCTURAL  SHAPES.    MOBIENT  OF 
INERTIA,  MOAIEXT  OF  RESISTANCE,  SECTION- 
MODULUS  AND  RADIUS  OF  GYRATION 

By 
CHARLES  P.  WARREN 

ASStSTAin  PROFESSOR  OP  ARCHTrECTURE,  COLUMBIA  UNIVERSnY 

1.  The  Properties  of  Cross-SectionB 

The  Moment  of  Inertia.  The  strength  of  a  cross-section  to  resist  stresses, 
in  either  a  beam  or  a  column,  depends  not  only  upon  the  area  but  also  upon 
the  form  of  the  cross-section.  The  parts  of  the  cross-section  farthest  from  the 
neutral  axis,  which  always  passes  through  the  center  of  gravity  of  the  cross- 
section,  are  much  more  efficient  in  resisting  bending  stresses  than  those  parts 
adjacent  to  the  axis;  so  that  some  mathematical  expression  must  be  obtained 
that  will  represent  the  efficiency  of  the  entire  cross-section  to  resist  bendiniic: 
stresses  when  compared  with  that  of  any  other  cross-section.  This  expression  is 
called  the  Moment  op  Inertia  and  is  usually  designated  by  the  letter  I. 

The  Moment  of  Inertia  of  any  cross-section  may  be  defined  as  the  sum  oC 
the  products  obtained  by  multiplying  each  of  the  elementary  areas  of  which  the 
section  is  composed  by  the  square  of  its  normal  distance  from  the  neutral  ajci^ 
of  the  section. 

By  an  elementary  area  is  meant  an  area  smaller  than  any  dealt  with  in 
simple  mathematics,  and  it  is,  therefore,  impossible  to  find  an  exact  expression 
for  the  moment  of  inertia  of  a  cross-section  by  such  methods.  By  means  of  the 
calculus,  however,  exact  formulas  have  been  deduced  from  which  the  moment <4 
of  inertia  of  sunple  geometrical  forms,  such  as  rectangles,  triangles,  circles,  etc.« 
may  be  found,  with  respect  to  diiTerent  axes. 

The  neutral  axis  of  the  cross-section  of  a  beam,  girder,  column,  etc.,  which 
b  in  a  state  of  flexure,  is  the  line  on  which  there  is  neither  tension  nor  comprc-i 
sion  in  the  fibers,  and  when  the  unit  stresses  do  not  exceed  the  elastic  uuit  <.i 
the  material,  it  can  be  shown  that  this  neutral  axis  passes  through  the  center  <>p 
GRAVTTY  of  the  cross-section.  The  normal  distance  of  the  extreme  fibers  from  t  ho 
neutral  axis  is  usually  designated  by  the  letter  c  or  the  letter  y.  The  former  iii^ 
used  in  the  notation  of  this  book. 

Since  for  all  sections  except  squares  and  drdes,  there  are,  in  general,  two  dc  u^ 
tral  axes  corresponding  to  the  more  conunon  positi9ns  of  the  sections,  it  follow:! 
that  there  are  also  two  moments  of  inertia  commonly  used;  for  a  rectangle,  d^t 
example,  a  greatest  moment  of  inertia  about  an  axis  perpendicular  to  th<i 
long  side  and  a  least  moment  op  inertia  about  an  axis  perpendicular  to  the 
short  side.  The  moments  of  inertia  of  the  cross-sections  of  all  rolled  shar>c^ 
have  been  calculated  and  are  tabulated  in  the  manufacturers'  handbooks.  Thu>^^ 
for  example,  the  moments  of  inertia  of  the  cross-section  of  a  i3-in,  31.5-lb  I  l>eam, 
with  respect  to  axes  perpendicular  to  the  web  and  parallel  to  the  web.  are,  froni 
Table  IV,  equal  to  315.8  and  9.5  biquadratic  inches  respectively.  Formulas  for 
calculating  the  moments  of  inertia  of  other  sinple  sections  ace  given  oa  the 
following  pages. 
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th»  Moment  of  Resistance.  In  Chapter  IX,  under  the  chapter-subdivi- 
3oa  treating  ol  the  bending  moments  in  beams,  page  325,  it  was  stated  that 
is  order  to  calculate  the  flexukal  strengxb  of  a  beam  it  is  necessary  to 
iscextain  the  nature  and  extent,  first,  of  the  external  forces  tending  to  break 
the  beam  by  flexure,  and,  secondly,  of  the  internal  forces  or  stresses  tending 
tj  resast  rupture.  The  external  forces  cause  the  bending  moments,*  and  the 
btemal  stresses  the  moments  of  resistance,  at  the.  various  cross-sections  of 


The  ifOMEKT  OF  resistance  or  the  resisting  moment  at  any  cross-section 
d  a  beam  is  the  algebraic  sum  of  all  the  moments  of  the  internal  horizontal 
stresses  in  that  section  with  reference  to  a  point  in  that  section.  It  is  usually 
niKesented  by  the  expression  SJ/c,  in  which  5  is  the  horizonUl  unit  stress. 
iflisiie  or  compressive,  as  the  case  may  be,  upon  the  fiber  most  remote  from  the 
neutral  axis  of  the  section,  and  called  the  fiber-stress;  /  is  the  moment  of 
l\£.btia  of  the  area  of  the  section  with  reference  to  the  neutral  axis;  and  c 
is  the  shortest  distance  from  the  most  remote  fiber  to  that  axis.  Since,  for 
cv,mlibrium  of  forces  and  stresses  at  any  cross-section  of  a  beam»  the  bending 
cnxnent  equals  the  resisting  moment  for  that  section,  if  M  represents  the  bend- 
jig  moment  we  have  the  equation 

M'^SI/c  (i) 

This  is  known  as  the  flexure  formula  and  is  universally  used  for  investi- 
pting  the  flexural  strength  of  beams. 

The  Section-Modulus  or  Section-Factor.  That  expression  T/c  in  the  above 
f'.imula  is  generally  known  as  the  section-modulus  or  section-factor. 
This  quantity  for  the  principal  rolled  sections  is  given  in  Tables  IV,  V,  VI,  VII, 
nil,  XI,  XII,  XIII  and  XIV.  Corresponding  to  the  two  moments  of  inertia 
tcnerally  used  for  all  sections  (except  for  squares  and  circles)  there  are  two 
^ccdoD-moduli  also,  one  for  each  axis.  Thus,  the  section-modulus  of  the  12-in 
Si-S-lb  Z  beam,  with  respect  to  a  neutral  axis  perpendicular  to  the  web,  is 
i,  c  -  215.8/6  »  36;  and  for  the  axis  parallel  to  the  web,  it  is  I/c  -  9.5/2.5  -  3.8. 
Fca-  other  shape  the  section^modulus  may  be  found  by  dividing  the  moment  of 
inertia  by  the  normal  distance  of  the  extreme  fiber  from  the  neutral  axis. 

The  Rndins  of  Gyration.  The  effect  of  the  form  of  the  cross-section  of  a 
cdomn  on  its  strength  is  determined  by  a  quantity  called  the  Radius  of  Gyra- 
TioK,  which  is  as  necessary  in  the  determination  of  the  strength  of  a  column  as 
ihs  moment  of  inertia  is  in  the  determination  of  the  strength  of  a  beam.  It  is 
deooted  by  the  letter  r.  The  value  of  the  radius  of  gjrration  for  any  section 
is  determined  by  the  formula 

r-vT/J  (2) 

in  whkb  /  b  the  moment  of  inertia  of  the  section  and  A  the  section-area. 
The  radius  of  gyration  is  the  normal  distance  from  the  neutral  axis  to  the 
cestter  of  gyration,  and  the  center  of  gyration  of  a  section  is  the  point  where 
the  entire  area  might  be  concentrated  and  have  the  same  moment  of  inertia 
a«  the  actual  dbtributed  area.  The  radius  of  gyration  of  a  section  is  a  distance 
and  it  is  always  less  than  the  distance,  c,  from  the  neutral  axis  to  the  remotest 
fiber.  For  the  two  moments  of  inertia  above  referred  to,  and  commonly  used, 
there  are  two  corresponding  radii  of  gyration.  The  feast  of  these  is  the  one  to  be 
osed  m  the  investigation  of  the  strength  of  a  column  as  it  is  referred  to  the  axis 
about  which  the  column  is  most  likely  to  fail.    The  radii  of  gyration  of  the  rolled 

*  See  Chapter  IX,  page  325,  for  definition  of  "bendbig  moment." 
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shapes  are  given  in  the  tables  of  the  properties  of  sections,  mcntiancd  aba 
For  the  la-in  3z.5-lb  Z  beam,  r  «■  4.83  in  and  r'  >«  1.01  in.  Tlie  radius  of  gyrat 
of  any  other  section  may  be  found  by  Formula  (2). 

Formulas  for  the  moments  of  inertia,  radii  of  gyration  and  aection-moc 
of  the  principal  elementary  sections  are  given  on  the  following  pages.  In 
case  of  a  hollow  section  or  a  section  with  a  reentering  hollow  part,  the  inoni< 
of  inertia  of  the  hollow  part  is  to  be  subtracted  from  that  of  the  enclosing  ar 
Moments  of  inertia  when  referred  to  the  same  axis  can  be  added  or  subtract 
like  any  other  quantities  which  are  of  the  same  kind. 

t.  Areas,  Moments  of  Inertia,  Section-Modali  end  Radii  of 
Gyration  of  Elementary  Sections 
/  «■  the  moment  of  inertia 
lie  >■  the  section-modulus 
r  >•  the  radius  of  gyiation 
il  >■  the  area  of  the  section 
c  >■  the  normal  dbtance  of  most  remote  fiber  from  neutral  axis 

The  position  of  axis  referred  to  in  each  case  is  represented  by  the  broken  lii 
I  —  I. 
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HOLLOW  RECTANGLE  AND 
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*  To  find  c  and  C(,  see  Chapter  VI,  page  305. 
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*  To  find  die  vaiuM  of  c  and  <i.  im  Chapter  YI,  p«s«  395. 
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*  To  find  c  ind  cu  see  Chapter  VI,  page  295. 

S.  Tranaferrlng  Moments  of  Inertia  to  Other  Parallel  Axes 
Explanation  of  Formula.  It  is  often  necessary  to  determine  the  moment 
of  inertia  with  respect  to  some  other  axis  than  the  one  passing  through  the 
center  of  gravity  of  the  section,  such,  for  example,  as  one  passing  through  the 
hase  and  parallel  to  the  other.  Suppose  it  is  desired  to  find  the  moment  of  in- 
ertia of  a  rectangle  about  an  axis  passing  throiigh  the  lower  base,  as  in  the 
second  figure  on  page  335.  It  may  be  demonstrated  by  the  principles  of 
•  medianics  that  the  moment  of  inertia  of  any  section  with  respect  to  any  axis 
is  equal  to  the  moment  of  inertia  of  the  section  with  respect  to  a  parallel  axis 
through  the  center  of  gravity,  plus  the  product  of  the  area  of  the  section  multi- 
plied by  the  square  of  the  normal  distance  between  the  axes.  This  rule  may  be 
expressed  by  the  formula 

/i-/+^A>  (3) 
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h  vUcii  /i  is  the  required  moment  of  inertia,  J  the  moment  of  inertia  of  the 
SEttk)n  with  respect  to  the  axis  through  its  center  of  gravity  and  parallel  to  the 
gmn  axis,  A  the  area  of  the  section  and  h  the  normal  distance  between  the  axes. 
Fnsm  this  it  is  seen  that  the  moment  of  inertia  of  any  section-area  b  less  for 
an  axis  through  its  center  of  gravity  than  for  any  other  parallel  axis. 

For  example,  consider  the  rectangle  shown  on  page  335,  of  breadth  h  and 
depth  d,  the  /  of  which  is  known  to  be  hd^/\2  for  an  axis  passing  through  the 
CQiter  ci  gravity  and  parallel  to  the  base.    Then,  for  ^ 

a  paraUei  axis  through  the  base,  the  above  formula  ] 

Si«s:  '-yz 


12  \2/         12  4  3  '  1         V- 


d  the  steel  angle  shown  in  Fig.  1,  about  the  axis  4  3 


Thus  the  moment  of  inertia  of  the  cross-section 

i  I 

US,  is  equal  to  the  monoent  of  inertia  about  the  |  Jp 

aiis  XX  plus  the  product  of  its  area  multiplied  "9  (« 


1 
tl^  standard  rolled  shapes  of  structural  steel  may 


by  li*.    The  moments  of  inertia  for  the  sections  of  j  n. 

1  < 


be  found  fzom  the  tables  given  in  this  chapter.    The  {  ! 

dstance  c\,  also,  may  be  found  from  the  same  tables;  {  I 

aad  this  distance  subtracted  from  d  wUl  give  the  i  1 .^ 

(fctancB  h  of  Formula  (3).  ^*""^"  " 

Suppose,  for  example,  that  it  is  desired  to  find  the  ^W- 1-  Moment  of  Inertia 
mgrnent  of  inertia  of  the  cross-section  of  a  4  by  3  o'Croas-sectian  of  Steel 
by  H-in  angle,  placed,  with  the  long  leg  horizontal,  ^"*® 
about  an  axis  MN,  12  in  from  the  back  (Fig.  1).  Turning  to  Table  XI,  the 
area  of  the  angle-secticn  »  3.25  sq  in.  /,  the  moment  of  inertia  of  the  angle- 
section  about  an  axis  a-2,  or  XX  of  Fig.  1,  parallel  to  the  long  leg  ■»  2^,  £i,  the 
distance  of  this  axis  from  the  back  of  the  long  leg  »  0.83  in  and  A,  the  distance 
between  the  axes  »  (^  —  ci)  *■  12  —  0.83  in  —  11.17  ^'  Substituting  these  values 
b  Fonnula  (3) 

/i  -  24  -}-  3.25  X  11.17*  -  24  +  405-50  -  407-9 

4.  Moments  of  Inertia  of  Compotm^  Sectfons 

The  Moment  of  Inertia  of  a  Compound  Section  made  up  of  a  number  of 
SBiafler  sections  may  be  found  by  the  same  formula,  /i »  /  -(-  i4A*.  Denote  the 
sm  or  THE  MOUENTS  Of  INERTIA  of  the  Separate  sections  making  up  the  com- 
pound section,  with  respect  to  an  axis  through  the  center  of  gravity  of  that 
section^  by  2/i.    Formida  (3)  then  becomes 

2/i-L(/+.4tf)  (4) 

That  is,  to  find  the  moment  of  inertia  of  any  compound  section  made  v^  of 
a  number  of  smaller  sections: 

(x)  Find  the  moment  of  inertia  of  each  of  the  smalle^  sections  about  an  axis 
pasang  through  its  own  center  of  gravity  and  parallel  to  the  neutral  axis  of  the 
compound  section; 

(3)  Multiply  the  area  of  each  of  the  smaller  sections  by  the  square  of  the  dis* 
tance  between  its  center  of  gravity  and  the  center  of  gravity  of  the  whole  figure; 

(3)  Add  the  fcsults  found  by  (i)  and  (9)  for  the  moment  of  inertia  of  the 
whole  ^gure. 

Fer  cxan^j  oon^der  the  cast^urou  beam  or  lintel  shown  in  section  in  Fig.  2: 
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(x)  /of  upper  flange-section 
/  of  web-section 
/  of  lower  flange-section 
Total 

(2)  il  A*  for  the  upper  flange 
Affi  for  the  web 
Ah*  for  the  lower  flange 
Total 


-4XiVi2-Ma 

-1XI8»/X2-S832/X2 

-  16  X  I*/"  -  ^M« 

-  S  852/12  -  487.6 

-4X(i2.s)=-62S 
-i8X3'-x63 
-x6x(6.5)«-676 
«  1 463 


(3)  Total  of  (i)  and  (2)  -  487 -6  +  1 463  -  ^»  of  compound  section  -  i  950. 

The  moment  of  inertia  of  the  cross-section  of  any  compound  beam,  therefo 
can  generally  be  readily  found  by  using  the  tables  of  pro{)erties  of  sections  whi 
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Fig.  2.  Moment  of  Inertia 
of  Cross-section  of  Cast- 
iron  Lintel 
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give  the  numerical  values  of  / 
for  the  various  rolled  shapes  of 
which  the  beam  is  composed, 
with  respect  to  the  axis  through 
the  center  of  gravity. 

The  Moment  of  Inertia  of 
ft  Single- Web  Girder-Section. 
Consider,  for  example,  the  single- 
web  girder  shown  in  section  in 
Fig.  3,  and  made  up  of  one 
H  by  24-in  web  and  four  4 
by  3  by  H-in  flange-angles  with  the  long  legs  placed  horizontally.  Tun 
mg  to  Table  XI,  the  moment  of  inertia  of  the  cross-section  of  one  i 
these  angles  about  an  axis  XX  (2-2  in  the  table)  parallel  to  the  loi 
leg  •»  2.4,  and  the  distance  of  this  axis  from  the  back  of  the  long  leg  (y  in  d 
table)  -  0.83  in;  hence  h,  the  distance  between  the  axis  of  the  angle-sectia 
and  the  axis  of  the  girder-section  •-  12  —  0.83  ■-  11.17  in.  A,  from  the  tal 
*■  3-35  sq  in.  The  moment  of  inertia  of  the  cross-section  of  each  angle  aixi^ 
the  axis  of  the  girder,  therefore,  from  Formula  (3),  is  /i  -  2.4  -f-  3.25  X  (ii.i7)"< 
407.9,  and  for  the  four  angles  -  1631.6.    Since  the  axis  of  the  crosipBectioa  4 


Fig.  3.     Moment  of  Inertia  of  Croas-sectioD 
of  Plate  Girder.    No  Flange-plates 
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the  web-plate  is  coinddent  with  the  axis  of  the  section  of  the  girder,  its 
momeiit  of  inertia  -  b^/\2  —  Vi  X  (24)Vi2 « 576.  This  may  be  found 
(firectly  from  Table  I,  page  346,  Moments  of  Inertia  of  Rectangles.  The 
Domcnt  <A  inertia,  therefore,  of  the  section  of  the  compound  girder*  1631.6 
-r  576  -  2207.6. 

Tlie  Moment  of  Inertia  of  e  Section  of  e  Compound  Girder  with 
Flange-PlAtee  b  found  in  the  same  way,  except  that  the  moments  of  uiertia  of 
the  sections  of  the  flange-plates  with  respect  to  the  axis  of  the  girder-section 
most  be  added  to  the  moments  of  inertia  of  the  cross-sections  of  the  other 
members.  The  girder  in  Fig.  4  is  com- 
posed of  one  30  by  H-in  web-plate,  four 
5  by  4  by  M«-in  angles,  with  the  longer 
!sgs  horizontal,  and  two  X2  by  \i-m 
daage-plates. 

/  ( a  70  for  cross-section  of  web  (from 

Table  I.  page  346)  -  84375 
/i  for    each   angle-section  •-  /  -i-  Ah* 

(FcM-mula  3) 

From  Table  XI,  for  each  flange-angle, 
/»  6.6,  A  •■  4.75  and  the  perpendicular 
distance  from  center  of  gravity  to  back 
of  kas  leg  ~  I'lo  in.  Hence  A  •-  15  - 
lao-  13.90  "n*  -^1  -  6.6  -t-  4.75  X 
(i3-9o)*»  924.35;  and  for  four  angles 
-3697.4.  /  for  the  cross-section  of 
each  flainge-plate  -•  12  X  (H)Vi3  *  0.125, 
i»HXi2-6sq  In  and  A«  15+ H 
=  15.25  in.  For  each  flange-plate,  then, 
/i-o.i2S-f-6X  (15-25)*-  i395"5; 
and  for  the  two  {ilates,  2  790.25.  The 
sument  of  inertia  for  the  cross-section 
of  the  whole  girder,  therefore,  with 
Fefocnoe  to  the  horizontal  axis  passing 
tfarougfa  the  center  of  gravity  of  the 
section  «  843-75  +  3  697.4  +  2  790,25  - 
7331-4- 

It  wfll  be  noticed  that  the  moments 
of  inertia  of  the  cross-sections  of  the  flange-plates  and  angles  about  their  own 
neutral  axes  is  so  small,  compared  with  thdr  moments  of  inertia  about  the 
neutral  axb  of  the  girder-section,  that  they  might  be  omitted  without  any 
appreciable  error.  Therefore,  in  calculating  the  moments  of  [inertia  for  riveted 
^nlers,  it  is  the  custom  of  many  engineers  to  let  /i «  ilA*  for  flange-plate  and 
aogle-sections.    In  that  case,  for  the  girder-section  in  Fig.  4, 

I  for  web  «    843.75 

/i  for  angles  -  ^A>  —3671.00 

Ji  for  flange-plates  >■  Ah*  -  2790.00 

Moment  of  inertia  of  entire  girder-section  >■  7  304 .  75 

The  Moment  of  Inertie  of  e  Section  of  e  Box  Girder.  Let  the  box 
girder  shown  in  Fig.  5  be  composed  of  two  -H  by  30-in  webs,  two  x6  by  H-io 
flange-plates  and  four  4  by  3  by  H-in  angles  with  the  long  l^s  horizontal. 
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Fig.  5.  Moment  oi  Inertia  of 
Croas-Bection  of  PUte-and-angle 
Box  Girder 


Fig.  •.  Monecit  of  Ineitk 
of  CvoM-sectte  oi  PUte- 
and-chax>n«l  Bos  Cotoma 


/  for  each  flange-pUte-W/ii-iexCW/""  0.16;  Am\ix  z6in-8sq  In 
and  A-ls  +  H- iS«5in.  /i-J+i4A«- 0.16  + 8  x  (isas)*- i  860.64;  and 
for  the  two  flango-platet,  3  7a<-2&-  /  for  each 
angle  '■8.4,  A»  3.25  and  the  dittanoe  from  the 
back  of  the  long  leg  to  an  axis  through  the 
center  of  gravity  of  the  angle,  parallel  to  the 
long  leg  »  0.83  in;  so  that  A  «■  15  -  0.^3  -  14-17 
in.  /i  for  the  four  angles  b  (4  X  2.4)  +  (4  X 
3.25)  X  (i4'i7)'  -  2  619.  /  for  each  web  (Table 
I,  page  346)  -  843-75  and  for  the  two  webs 
-  I  687.5.  The  mo- 
ment of  inertia,  there- 
fore, for  the  entire 
girder-section  ■■ 
3  721.28  +  2  619  -f 
I  (87.5  -  8  027.78. 

The  Itfoment  of 
Inertia  of  the  Sec- 
tion of  a  Channel 
Bex  Column.  Fig. 
6  shows  the  cross- 
section  of  a  colunm 
made  up  of  two  lo-in 
15-lb  channels,  set 
6.33  in  apart,  back 
to  back,  and  two  >i  by  12-in  side  plates.  Let  it  be  required  to  find  the 
moment  of  inertia  of  the  section  about  the  two  axes  AB  and  CD, 

(i)   Find  the  moment  of  inertia  about  the  axis  AB.    I,  for  one  of  the  side 
plates  with  respect  to  an  axis  through  its  own  center  of  gravity  and  parallel  to 

w45-I2X(J'i)Vl2«-O.I2S,  *»^ 

i4  -  ^X  x2-in-6sqinand    ^.  ^' 

the  dbtance  of  its  center  of 
gravity  from  ABk  5.25  in. 
Therefore^  with  respect  to 
i45,/i-o.i25+6x(s.25)*  ' 
»  165.5.  The  moment  of 
inertia  of  a  io>in  15-lb 
channel  with  respect  to  an  . 
axis  through  its  center  of 
gravity  and  perpendicular 
to  the  web  (Table  Vlll. 
page  359)  -  66.9.  Hence 
the  moment  of  inertia  of 
the  whole  column-section 
with  respect  to  the  axis  A  B 

-  (2x165.5) +(2X66.9) 

-  464.8. 
(2)   Find  the  moment  of 

inertia  about  the  axis  CD.  7,  for  one  of  the  side  plates  (Table  I,  page 
346)  -  72.  7,  for  one  of  the  channels  with  respect  to  an  axis  parallel  to  the 
web  -  2.30,  i4  -  4.46  and  the  distance  of  the  center  of  gravity  from  the  back 
of  the  web-c.64  in,  approximately.  Hence  A- 3.165+0.64- 3.8  in. 
7i  -2.30+  4.46  X  (38)*  -  66.7  and  the  moment  of  inertia  of  the  whole  column- 
section  with  respect  to  the  axis  C7>  -  (2  X  72)  +  (2  X  66.7)  -  277.4. 


Fig.  7. 
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The  Moment  of  InertiA  of  the  Section  of  «  Hoftvy  PlAte-end-An«Ie 
ColnnuL.  fig.  7  shows  the  axes-section  of  one  of  the  basement-columog  in 
the  Bankers*  Trust  Company  Building,  New  York  City.  It  is  made  up  of  six 
San^e-plates,  each  27  by  H  in  section;  two  flange-plates,  each  27  by  »H«  in; 
foor  flange-angles,  each  6  by  6  by  ^Me  in;  eight  outer  web-plates,  each  18  by 
»M»  in,  four  web-angles,  each  6  by  3H  by  »fi«  in;  and  two  middle  web-plates 
escfa  18  by  Me  in.  What  is  its  moment  of  inertia  of  the  entire  column-section 
vith  respect  to  the  axis  ABf 

I  for  each  27  by  H-in  flange-plate  (Table  I)  «■  i  23a  19 

i  for  six  27  by  H4d.  flange-plates  -  i  230.19  X  6  -  7  381.14 

/  for  each  27  by  >H»-in  web-plate  (Table  I)  -  1 127.67 

/  for  two  27  by  » He-m  web-plates  -  i  127.67  X  2  -  i  355-34 

/  lor  both  flanges  9  636.48 

For  the  flange-angleB  (Table  Xll,  page  36^)  the  area  of  a  6  by 
6  by  >M«*in  angle  -  10.37,  its  /  with  respect  to  an  axis  parallel  to 
AB  (Fig.  7)  and  passing  through  ita  center  of  gravity  -  33.7  and 
tbe  dwtanrf  of  this  axis  from  the  back  of  the  leg  ^^  t.84  in.  Its  /i 
vith  respect  to  the  axis  AB  is  found  by  Formula  (3),  page  338. 
l\^I-^  Al^,  k m  13.$  -  (olI3  +  4.16)  -  thedistance from theaxia 
A3  to  the  parallel  axb  through  the  center  of  gravity  of  the  angle 
«  9.22  in.    Henoe,  substituting  in  Formula  (3), 

/i  -  33.7  +  10.37  X  (9.aa)»  -  915.15 

/i  for  the  four  flange-angles  «•  915.15X4"  3660.60 

Each  outer  web  is  4X  ^He  !n  »  2M  in  thick.  Hence  the  /  for 
each  outer  web  about  the  horizontal  axis  through  its  center  of 
gravity  -  18  X  (2.7s)»/i2  -  31.2.  i4  -  18  by  a.75  in  -  49.5  aq  in. 
The  distance  from  its  center  of  gravity  to  the  axis  A  Bis  13.5  —  (t.38 
-I-  X.84  -I-  4.16  -f-  0.1  a)  -  6.01  or,  say  6  in. 

From  Formula  (3),  therefore,  A  -  31.2  -h  49.5  X  6**  i  813.2  and 
(or  both  outer  webs  /i  -  1  813.2  X  2  »  3  626.4 

For  the  foiu:  web-angles,  from  Table  XI,  page  363,  the  area  of  a 
6  by  sH  by  ^Ma-in  angle  »  8.03,  Its  /  with  respect  to  an  axis  through 
its  center  of  gravity  and  parallel  to  the  long  leg  «■  6.9  and  the  dis- 
tance of  tbb  axis  from  the  back  of  the  long  leg  -  0.99  in.  h,  the 
horizoatal  distance  between  the  two  axes  -  fit  in,  or  0.5625  in 
(the  thickness  of  one  of  the  middle  web-plates)  +  0.99  «  1.55  in, 
approximately.    Therefore,  for  one  web-angle,  from  Formula  (3), 

/i  -  6.9  +  8*03  X  (1.55)*  -  2617 
and  for  tbe  four  anglea,   /i «  26.17  X  4  "  104.68 

Tbe  middle  web-plates  are  together  Me  In  X  a  >-  iH  in  -  1.125 
fai  thick.    The/  ( -  /i)  for  the  two  plates  fa  18  X  (i.i25)Vi2  -  1.90 

The  moment  of  inertia  of  the  entire  column-section  for  the  axis 
ilB  is,  therefore,  the  sum  of  these  moments  of  mertia  for  the  differ- 
ent parts: 

•  /i  for  the  eight  flange^platea  9636.48 

/i  for  tbe  four  flange-angles  3  66a6o 

/i  for  tbe  eight  ontct  web-pbttt  3  626.40 

It  for  the  four  web-angica  104.68 

/i  lor  the  middle  web-plate  190 

The  moment  of  inertia  for  the  entire  aectloti  17  Q30>o6 
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i.  Radii  of  Gyration  of  Compoimd  Sections 

The  Radius  of  G]rration  of  any  Compound  Section  may  be  found  from 
Formula  (2),  page  333,  by  dividini;  the  moment  of  inertia  of  the  section  by  the 
total  area  of  the  section  and  taking  the  square  root  of  the  quotient.  Thus» 
the  radii  of  gyration  of  the  channel-column  section  shown  in  Fig.  6,  about  the 
axes  A  B  and  CD,  are  found  as  follows:  A  «  (the  sum  of  the  areas  of  two  hi  by 
i2-in  plates,  or  I3  sq  in)  +  (the  sum  of  the  areas  of  the  two  channels,  or  8.92 
sq  in)  -  20.92  sq  in.    /  about  AB  -»  464.8  and  about  CD  -  277.4. 

4  /464.8 

Therefore^  r,  with  respect  to  the  axis  AB^x/ »■  4.71 

T  20.92 

and  n,  with  respect  to  the  axis  CD^y  ^^^  «  368 

T    20.92 

Since  n  is  the  smaller,  it  is  the  value  to  be  used  in  the  column-formub.  It  is 
to  be  noted  that  this  value  of  r  agrees  with  the  r  of  the  xo-in  channel-column  in 
Table  XXV,  on  page  533*  The  value  of  n  does  not,  however,  agree  exactly  with 
the  n  in  the  same  table,  the  variation  being  caused  by  a  difference  in  the  spacing 
of  the  channeb,  back  to  back. 

The  Least  Radius  of  Gyration  of  a  Section  of  a  Plate-and-Angle 
Column.  As  another  example,  let  it  be  required  to  find  the  least  radius  of 
gyration  of  the  cross-section  of  the  plate-and- 
angle  column  shown  in  Fig.  8,  made  up  of  one 
H  by  i2-iii  web-plate,  two  H  by  12-in  side  plates 
and  4  by  4  by  H-in  angles. 

(i)  Find  the  moment  of  inertia  about  the  axis 
AB.  For  the  axis  AB,  I  for  each  one  of  the  side 
plates  with  respect  to  an  axis  through  its  own 
center  of  gravity  and  parallel  to  the  axis  AB^ 
12  X  (H)Vi2  -  0.05.  ^  -  H  X  12  -  4.5  sq  in  and 
h  -  6Me  in.  /i  -  0.05  +  4.5  X  (6fi«)"  -  172-33. 
7  for  each  one  of  the  angles  with  respect  to  an 
axis  through  its  center  of  gravity  and  parallel 
with  the  flange-leg  is  5.6,  A  -  3-75  »nd  the  dis- 

Fig.  8.     Moment  of  Inertia  of    H^'^l  °^  ^^^,  ™^«^  °(  ^'^^^J'  ^^™  ^  J»^  ?^ 

Cross-section   of    Plate-and-    ^"«  °^"?c  of  the  angle-  1.18.    Hence,  A-  6  m 

angle  Column  -  1. 18  in-  4.82  m  and  /i  for  each  angle-  5.6 

+  3-75  X  (4.82)«  -  92.71.    /  for  the  web-plate  - 

54.     The  moment  of  inertia  of  the  whole  column-section,  therefore,  about  the 

axis  XB  -  (2  X  172.33)  +  (4  X  9270  +  54  -  769-50. 

(2)  Find  the  moment  of  inertia  about  the  axis  CD.    I  for  each  side  plate 

-  54.  I  for  each  angle  -  5.6  and  A  for  each  angle  -  3.75.  The  distance  of 
the  center  of  gravity  of  each  angle  from  the  back  of  the  flange  of  the  angle 

-  1.18  in  and  hence,  A  -  1. 18  in -f-  fie  in  =  1.36  in,  approximately,  /i.for  each 
angle  -  5.6  -K  3-75  X  (i.36)«  -  12.54.  /  for  each  web-plate  -  0.05.  The  moment 
of  inertia  of  the  whole  colimin-section,  therefore,  about  the  axis  CD  -(ax  54>+ 
(4X  12.54)  -f-  o.os  -  158.21. 

Since  this  is  the  least  moment  of  inertia  the  least  radius  of  gyration  will  like- 
wise be  about  the  axis  CD.  The  area  of  the  cross-section  of  the  column  -  (4  X 
3.7s,  the  area  of  the  angles)  -h  (3  X  4-5,  the  area  of  each  plate)  -  28.5.  H  - 
158.21/28.S  -  5.5s  and  r,  the  least  radius  of  gyration  -2.35,^  t 
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Tlie  Radhw  of  Oyratioii  of  ttie  Cross-Section  of  s  HoSow  Rectangular 
Columa.  As  another  example,  let  it  be  required  to  find  the  radius  of  gyration 
of  the  cross-section  of  a  hollow  rectangular  cast-iron  column  with  outside  dimen- 
aoos  6  by  6  in  and  with  a  shell  H  in  thick.  (See  figures  and  formulas  for  hol- 
low squares  and  rectangles, page  ^3S-)  -4  -  6* -  (5«S)* -  36 -  3025  -  5.75  sq in. 
/-(W»-6iW/i2-  [6*-  (5.5)*!/"  -  (i  296 -9io)/ia-  386/12-  32.2.  f«- 
3i-2/s-7S  "■  5.6  and  r «-  2^7  in. 

Tbe  radii  of  gsrration  of  round-section  columns  and  square-section  columnar 
varying  from  2  to  20  in  in  diameter  and  of  metal  varying  from  H  to  2  in  thick, 
ire  jpven  in  Tables  n  and  III,  see  pages  34S  to  351.  For  example:  the  radius 
of  gsrration  of  a  6  by  6-in  square-section  cast-iron  oolmnn  with  a  shell  K  in 
tlsckf  is»  from  Table  III»  2.35  in. 
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thUe  L*    MoiBMits  of  IndHbi  of  RectaaclM 


I 


Neutral  ajds  thnmgh  center  and  normal  to  depth 


Depth 
in 


2 

3 

4 

5 
6 
7 
8 
9 

10 

It 

13 
13 
14 

IS 
x6 
17 
18 
19 


21 
22 
23 
24 

25 

26 

27 

28 

a9 

30 
32 
34 
36 
38 

40 
42 

2 


SO 
52 
54 
S6 
58 
6o 


Widths  of  rectangles  In  inches 


0.17 
0.56 
1.33 

2.60 
4.50 
7.  IS 
10.67 
IS.  19 

20.83 
.73 


5 


45. 77 
57.17 

70.31 
85.33 
102.35 
X21.50 
142.90 

166.67 
192.94 
221.83 
253.48 
288.CO 

325  52 

366.17 
410.06 
457-33 
508.10 

562.50 
682.67 
818.83 
972.00 
1143.17 

133333 
1543  SO 
1774.67 
2027.83 
2304.00 

2604.17 
2929.33 
3260.50 
3658.67 
4064.83 
4500.00 


M« 


0.21 
0.70 
1.67 

3.26 
S.63 
8.93 
13.33 
X8.98 

26.04 
34.66 
45  00 

57. 2t 
71.46 

87.89 
106.67 
127.94 
151.88 
178.62 

208.33 
241.17 
277-29 
316.85 
360.00 

406.90 
457.71 
512.58 
571.67 
635.13 

703.13 
853.33 
1023.54 
1215.00 
X428.96 

1666.67 
1929.38 
2218.33 
2534  79 
2880.00 

3255.21 
3661.67 
4100.63 
4573. 33 

5081.04 
5625.00 


H 


0.25 
0.84 
2.00 

3.91 
6.7s 
10.72 
16.00 
22.78 

31.25 

41. 59 
54.00 
68.66 
85.75 

10547 
138.00 
153. S3 
182.25 
214.34 

250.00 
289.41 
332.7s 
380.22 
432.00 

488.28 
549  25 
615.09 
686.00 
762.16 

843  75 
1024.00 
1228.35 
1458.00 
17x4.7s 

2000.00 
2315.25 
2663.00 
3041.7s 
3456.00 

3906.25 
4394  00 
4920.7s 
5488.00 
6097.25 
6750.00 


2.33 

456 
7.88 
12.51 
18.67 
26.58 

36.46 
48.53 
63.00 
80.10 
100.04 

123.0s 
149.33 
179  12 
2x2.63 
250.07 

291.67 
337.64 
388.21 
443  59 
504.00 

S6966 
640.79 
717.61 
800.33 
889.18 

984.38 
1194.67 
1432.96 

1701.00 
2000.54 

2333.33 

2701.13 
3105.67 
3548.71 
4032.00 

4557  29 
5126^33 
5740.88 
6402.67 
7113.46 
7875.00 


H 


0.33 
1.13 
2.67 

521 
9.00 
14.29 
21.33 
30.38 

41.67 
5546 
72.00 
91.54 
1x4.33 

140.63 
170.67 
204.71 
243.00 
285.79 

333.33 
385.88 
443  67 
506.96 
576.00 

651.04 
732.33 
830.13 
914.67 
10X6.31 

XI35.00 

1365.33 
1637.67 
1944.00 
3386.33 

3666.67 

3087.00 
3549  33 
4055.67 
4608.00 

5208.33 
5858.67 
656X .00 
7317.33 
8129.67 
9000.00 


Hs 


0.38 
1.27 
3.00 

S.86 
10. 13 
16.08 
24.00 
34.17 

46.87 
62.39 
81.00 
102.98 
128.63 

X58.20 
192.00 
230.30 
273.38 
321.52 

375.00 
434  11 
499  13 
570.33 
648.00 

732.42 
823.88 
933.64 
1039.00 
X143.33 

1365.63 
1536.00 
1843.38 
3187.00 
2572. 13 

3000.00 
3472.88 
3993  00 
4562.63 
5184.00 

5859  38 
6591.00 
7381.13 
8232.00 
9145.87 

10X25.00 


*  This  table  may  be  used  in  computing  the  moments  of  inertia  of  plate  girdesp. 
columns  and  other  compound  sections  in  which  plates  are  used.    See  pages  341  and 
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Depth 

Widths  of  rectangles  in  inches 

1 
1 

in 
iachea 

"H« 

H 

i^. 

H 

»M« 

' 

a 

0.46 

0.50 

O.S4 

0.58 

0.63 

0.67 

3 

X-S5 

1.69 

1.83 

1.97 

2.11 

2.25 

4 

3.67 

4.00 

4.33 

4.67 

S.oo 

5.33 

5 

7-16 

7.81 

8.46 

9  " 

9.77 
16.88 

10.42 

6 

12. 38 

13.  SO 

U.63 

15.75 

18.00 

7 

19  6S 

21.44 

23-22 

25.01 

26.80 

28.58 

ft 

39  33 

32. CO 

3467 

37.33 
53  16 

40.00 

42.67 

9 

41-77 

45-56 

4936 

56.95 

60.75 

so 

^:S 

62.50 

67.71 

72.92 

78.13 

83.33 

11 

83.19 

90.12 

97. OS 

103  98 

110.92 

12 

99.00 

106.00 

117.00 

126.00 

I3S.00 

144.00 

13 

ias-»7 

137.31 

148.75 

160.  ao 

171.64 

183.08 

U 

X57-2I 

171. SO 

185.79 

aoo.o8 

214.38 

228.67 

IS 

193  36 

aio.94 

228.52 

246.09 

263.67 

281.25 

i6 

234  67 

256.00 

277.33 

298.67 

320.00 

341.33 

X7 

a8i.47 

307.06 

332  6s 

358.24 

383.83 

409.42 

Ift 

334- 13 

364.50 

39488 

425  2S 

455  63 

486.00 

'      19 

39296 

42B.69 

464.41 

S00.14 

535.86 

571.58 

so 

458- 33 

500.00 

541  67 

583  33 

62s  00 

666.67 

SI 

530-58 

57881 

627.05 

675.28 

723  52 

771.75 

as 

610.04 

665. so 

g:i? 

776  42 

831.87 

887.33 

23 

69707 

760.44 

887  18 

950.55 

1013.92     1 

24 

793.00 

864.00 

936.00 

1008.00 

1080.00 

1152.00     1 

2S 

895   18 

97656 

1057-94 

1139  32 

1220.70 

1302.08 

a6 

1    iob6  96 

1098.50 

1190.04 

1281  S8 

1373  13 

1464.67 

27 

1137-67 

1230.19 

1332.70 

1435  22 

1537  73 

1640.2s 

SB 

1257  67 

1372  00 

1486.33 

1600.67 

171S  00 

1829.33 

39 

1397   29 

1524  31 

1651.34 

1778. 36 

190S  39 

2032.42 

3D 

1546.88 

1687.50 

1828.13 

1968.7s 

2109  38 

2250.00 

J2 

1877  33 

2048  00 

2218.67 

2389  33 

2560.00 

27.JO.67 

34 

22SI  79 

2456  50 

3661.21 

2865.92 

3070.63 

3275  33 

36 

2673  00 

2916  00 

3159  00 

3402.00 

364s  00 

3888.00 

J8 

3143.71 

3429.50 

3715.29 

4001.08 

4286.88 

4572.67 

«o 

3666.67 

4000.00 

4333.33 

4666.67 

5000.00 

5333  33 

42 

4244  63 

4630.50 

5016.38 

5402.25 

5788.13 

6174  00 

44 

4880.33 

5324-00 

5767.67 

6211.33 

6655  00 

7098.67 

46 

5576.54 

6083  50 

6590  46 

7097.42 

760138 

8111.33 

4S 

6336.00 

6912.00 

7488.00 

8064.00 

8640.00 

9216.00 

SO 

7161.46 

7812.50 

8463.54 

9114  S8 

9765.63 

10416.67 

1         S2 

8055.67 

8788.00 

9520  33 

10252.67 

10985.00 

11717.33 

1        S4 

9021.38 

9841. SO 

10661.63 

11481.75 

12301  88 

13122.00 

1        S6 

10061.33 

10976.00 

11890.67 

12805.33 

13720.00 

14634  67 

^ 

XI178.29 

12194.50 

13210.71 

14236.92 

15243.12 

16250.33 

1    •" 

1237S.0O 

13500.00 

14625.00 

15750.00 

16875.00 

18000.00 

*  This  table  may  be  used  in  computing  the  moments  of  inertia  of  plate  girders. 
cdamas  and  other  compound  sections  in  which  plates  are  used.    See  pages  341  and 
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TabtolL*    Areu  and  KAdii  of  Oyimtkm  of  Hollow-Round  Sections 


Area  ' 


wiD*-ifi) 


Radius  of  gyration  > 


1 0.7854  (/)■  —  d»)  sq  in 


Diam. 

D. 
inches 

A 

and 

r 

Thickness  <  in  inches 

0.63 

1.66 
0.61 

H 

H 

w 

H 

H 

I 

a 

A 

r 

1 

1 

3 

A 

r 

2.16 
0.98 

0.96 

4 

A 

r 

a.9S 
1.33 

3.62 
1. 31 

4.37 
1.39 

5  50 

1. 35 

S 

A 

r 

i.U 

4.60 
1.66 

5.45 
1.64 

7.07 
1.60 

?;^ 

10.  OX 

1.53 

6 

A 

r 

452 

a.  03 

558 

a. 01 

6.63 
1  99 

8.64 
1.9s 

10.55 
1. 91 

xa.37       X4.09 
1.88    1     1.84 

Vfi 

7 

A 

r 

530 
a.39 

6.57 
a. 37 

7.80 
2.35 

10. 31 
3.30 

13.53 
3.37 

14. 73        1 
a.  33 

6.84 
a.  19 

X8.85 
3.15 

8 

A 

r 

6.09 
a. 74 

7. 55 
3.73 

8.98 
3.70 

".t 

1448 

a. 63 

17.08      ] 
a.58 

9-59 
a.54 

ax. 99 

a. so 

9 

A 

r 

6.87 
3.09 

8.53 
307 

10.16 
305 

13. 35 
3.01 

16.44 
3.97 

19  44        2 
3.93 

1M 

35.13 
3.85 

10 

A 

r 

7.66 
3  45 

9  51 
3  43 

11.34 
3  41 

14.93 
3.36 

18. 4X 
3  33 

'5:3    ' 

r5.o8 
3.34 

28  a7 
320 

XI 

A 

r 

8.44 
3.80 

'l^ 

12.52 

3  76 

16.49 
3.73 

30  37 
367 

24.15       i 
3.63 

«7.83 
3.59 

31.4a 

3. 55 

12 

A 

r 

923 
4  16 

11.47 
4  13 

13.70 
4. II 

18.06 
4.07 

33  33 

4.03 

36.51     ': 

3.99        ; 

P.S8 
395 

34.56 
391 

13 

A 

r 

10.01 
4-51 

xa.46 
4.49 

14.87 
4.47 

19  63 
4.43 

34  30 
438 

38.86   '  : 
4.34 

13  33 
4.30 

37.70 
4.a6 

X4 

A 

r 

10.80 
4.86 

X3  44 
484 

16.05 
4.82 

ai.2i 
4.78 

36  36 

4.73 

31  33     : 

4.69 

16.08 
465 

40.84     , 
4.61 

15 

A 

r 

IX. 58 

5.32 

14.4a 
5.19 

17.33 
5.17 

32.78 

5.13 

38.33 
5  09 

33.58     : 

5.05 

18.83 
5.00 

43.98 

4.96    ; 

x6 

A 

r 

12.37 

5.57 

X5.40 
555 

X8.4X 
5  53 

Ifs 

30.19 
5.44 

35-93       4 
5  40 

5.36 

47. X3      1 

5.33  , 

17 

A 

r 

13.  x6 
5.9a 

X6.38 
5.90 

lU 

1:1' 

33.15 

5.79 

38.39       4 

5.75 

14.33 
5.71 

50.37    1 
5.67 

x8 

A 

r 

•I:?j 

1736 
6.as 

ao.76 
6.33 

37.49 
6.19 

1:JI 

40.64       A 
6.X0 

n 

6.0a 

19 

A 

r 

U 

'Slef 

":% 

39.06 
6.54 

1:15 

i:S   ' 

I:5J 

56.55     1 
6.37     1 

ao 

A 

r 

IS  51 
6.98 

tu 

r^ 

30.63 
6.90 

1:SJ 

1:1?   ' 

3.57 
6.77 

59.69 
6.73 

*  Fxom  Pocket  Companion.  191 5  Edition,  Carnegie  Steel 
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XftUe  H  *  (Oontiaved).    Araas  And  RUlii  of  Gytmtioa  of  HoUow-Rotuid  Soctioni 


Area  *  —^ '-  «  0.7854  (D*  —  ^)  »q  in 


Radius  of  gyration  •" 


Voi  +  rfi. 


ThicloieaB  i  in  inches 

EMam. 

^ 

D. 

ttnrf       — 

ana     — 

r 

iW 

iH 

19 

k         iH 

iH 

iH 

iH 

2 

A 

r 

A 

r 

A 

r 

A 

r 

A 

r 

A 

r 

A 

».76 
a.  12 

Z430 

22.3 

2.0 
26.5 

8     ... 
6      ... 

I       28.< 

'.'.  ::::: 

. 

32       30.63 

r 

2.46 

2.4 

3       2., 

»     2.36 

A 

17.83 

30.4 

3     32.< 
8         2." 

M       35-34 
JA         2.70 

37-65 
2.67 

39.86 
2.64 

r 

2.81 

a.7 

A 

SI. 37 

34.3 

6     37.- 

16       4O-06 

42.76 

45.36 

47.86 

50.27 

1     "^ 

r 

3.X6 

31 

3       3.< 

59         3.QS 

3.02 

2.98. 

2.95 

2.92 

1  I. 

A 

34.90 

38.2 

9     41.. 

58       44.77 

47.86 

50.85 

53-75 

S6.5S 

1  " 

r 

351 

3-4 

0       3.i 

14         3.40 

3.36 

3-33 

3.29 

3.26 

1 

A 

38.44 

41. a 

a     4S.< 

)o       4948 

52.97 

1:i 

59.64 

62.83 

13 

r 

3.87 

3.8 

3       3 

;9         3.7S 

3.71 

3.64 

3.6X 

1    „ 

A 

41.97 

46.1 

4     50. 

»       54.19 

1:S 

6x85 

65.53 

69.12 

i    '^ 

r 

4.22 

4.1 

8       4. 

14         4.10 

4.03 

5.99 

3.95 

A 

IS  SO 

SO.G 

7     54.. 

54       58.91 

63.18 

67.35 

71.42 

75.40 

14 

r 

4. 57 

45 

3       4. 

19         4.45 

4.41 

4.38 

4.34 

4.30 

A 

1904 

54.0 

0     S8.I 

J6       63.62 

68.28 

72.85 

77.31 

8X.68 

IS 

r 

4  92 

4.8 

8       4.1 

M        4.80 

4.76 

4.73 

4.69 

4.65 

^ 

A 

P.S7 

57.9 

3      63. 

[8       68.33 

73.39 

78.34 

83.20 

87.97 

r 

5.27 

5. a 

3       S 

19         5.1s 

5. IX 

5.08 

5.04 

5.00 

A 

S6.II 

6x.8 

5     67. 

50       73.04 

78.49 

83.84 

89.09 

94.25 

17 

r 

5-63 

55 

9       5. 

55         SSI 

547 

5.43 

5.39 

5.35 

t 

A 

5964 

65.7 

8     71.  J 

52       77. 7S 

83.60 

89.34 

9498 

100.  S3 

r 

598 

s.^ 

4       5.< 

)0    [    5.86 

5.82 

578 

5. 74 

5.70 

A 

53.18 

%\ 

0     76. 

13       82.47 

88.70 

94.84 

100.87 

106.82 

*9 

r 

6.33 

9       6. 

15           6. 21 

6.17 

6.13 

6.09 

6.05 

A 

66.71 

■'W 

3     80. 

IS       87.18 

93.81 

X00.33 

106.77 

113. 10 

ao 

r 

6.69 

4       6.i 

So        6.56 

6.52 

6.48 

6.44 

6.40 

'  Ftam  Pocket  Companioii.  X9XS  Bdition,  Carnegie  Steel  Company,  Pittsburgh.  Pa. 
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Table  m.*    Ar«aB  and  Radii  of  Gyration  of  Hbllow-Sqaare  Sectioas 
Area  —  (£?•— rf")  sq  in 

Radius  of  gyration  =■  y  — 


/D^-^d* 


13 


in 


Side 
D, 

inches 

A 

and 

Thickness 

in  inches 

H 

2. II 

^ 

H 

H 

H 

H 

I 

2 

1.75 

0.72 

0.70 

3 

2.7s 
1.13 

3.36 

1. 10 

4 

3.7S 
I. S3 

4.61 
1. 51 

5.44 
1.49 

7.00 
1.44 

5 

4. 75 
1.94 

5.86 
1.92 

tn 

9.00 
1.85 

10.94 
1.80 

V4 

6 

5.75 
a  35 

7. II 
2.33 

8.44 

2.30 

11.00 

3.25 

13.44 
2.21 

15-75        3 
3.17 

[7.94       20.0 

3.13             2.0I 

7 

V4 

8.36 
a.  73 

9  94 
2.71 

13.00 
2.66 

'It 

18.7s       2 
a. 57 

11.44        24  a 
3.53          2  4^ 

8 

7  75 
3.17 

9.61 
3.14 

11.44 
3.12 

15.00 
307 

18.44 
3  02 

V4  '■ 

M.94        as  a 
2.93           2.8< 

9 

8.75 
3. 57 

10.86 
3  55 

12  94 
3.53 

17.00 
3.48 

ao.94 
3  43 

24-75       i 
338 

18.44        33  a 
3  34          3  A 

lO 

9-75 
398 

12. II 
3.96 

14.44 
3  93 

19.00 
3.88 

'It 

27  75        2 
3.79 

H.94      ; 

3  74 

j6.« 
3  7< 

11 

10.75 
4.39 

13.36 
4  37 

15.94 

4-34 

21.00 
4.29 

25-94 
4  24 

30.75       ^ 

4.30 

IS. 44        4 
4  IS 

lO.O< 
4.K 

12 

11.75 
4.80 

14  6i 

4-77 

17  44 
4  75 

23.00 

4.70 

28.44 
4-tiS 

Vd   ' 

(8.94        A 
4  S6 

4. SI 

13 

12.75 
5.21 

IS  86 
5. 18 

18.94 
5.16 

25.00 
5.11 

1:^ 

36.7s        A 
5. 01 

It^    ' 

8.o< 
4-9^ 

14 

Vei 

17. 11 
5  59 

1:^6 

37.00 
S.51 

33-44 
5.47 

3975       4 
S  42 

^S.94        5 
5.37 

J2.o< 
53^ 

IS 

14.75 
6.02 

18.36 
6.00 

ai.94 
5  97 

29.00 
5.92 

1:1? 

Vd   ' 

?.?S    ' 

;6.oc 
5  7J 

i6 

'i.Z 

19.61 
6.41 

23  44 
6.38 

31.00 
6.33 

38.44 
6.28 

VA   ' 

294     e 

6.19 

0.0c 
6.M 

17 

1;i5 

20.86 
6.81 

24-94 
6.79 

17. 

1:^ 

i:g   = 

;6.44        6 
6-59 

4.0c 
6.54 

18 

17.75 

22.11 
7.22 

26.44 
7.20 

35.00 
7  15 

43.44 
7.10 

51-75        « 
7. OS 

;9  94       6 

7.U0 

S.oc 
6.93 

19 

Vd 

u 

If. 

37.00 
7.56 

45  94 
7.51 

V^   ' 

»3.44        7 

7.41 

2. DC 
7.36 

20 

Vd 

24.61 
8.04 

a9.44 
8.01 

39.00 
7.96 

48.44 
7.91 

'IM   • 

>6.94       7 
7.83 

6.0c 
7.77 
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CUiiB  HE  *  (ContianeiD.   Areas  and  Radii  of  Gyration  of  HoUow-Sqoare  SectionB 
Area  "■  (I>*  —  d*)  sq  in 
Radius  of  gyration  ■ 


Side 
D. 

A 

Thickness  (in  inches 

iVi 

iH 

m 

iH 

iH 

I'K 

i?i 

2 

X 

A 

s 

A 



7 

A 

26.44 
2  44 

28.75 

a. 40 

^ 

^;U 

^.1? 

^.^ 

39-0O 

a. 72 

1 

15. 44 
3-25 

38.75 
3.20 

41.94 
3.16 

45.00 
3.12 

47.94 
3.08 

50.75 
3.  OS 

xo 

A 

1:g 

43.75 
3.61 

47.44 
3.57 

51.00 
352 

54.44 
3.48 

57. 75 
3.44 

60.94 
3-40 

64.00 

3-37 

1      « 

"4:^ 

48.75 
4. OX 

52.94 
3.97 

57.00 
3.93 

60.94 
3.88 

6475 
3.84 

68.44 
3.80 

72.00 
3.76 

u 

i:^ 

5375 
4-42 

58.44 
4.37 

63.00 
4  33 

67.44 
4.29 

71  75 
4.2s 

75.94 

4.20 

80.00 
4.16 

1    ^ 

S3  44 

4.87 

58  75 
4.82 

63.94 
4.78 

69,00 

4.74 

-^% 

T8.75 
4.65 

83.44 
4.61 

88.00 
456 

14 

57  W 
5  28 

63.75 
5.23 

69  44 
5. 18 

75.00 
5. 14 

80.44 
S-w 

85.75 
5  05 

90.94 
5.01 

96.00 
4.97 

IS 

62.44 
5-68 

68.7S 
S.64 

74  94 
559 

8X.00 
5  55 

86.94 
5. so 

92.75 
5.46 

98.44 
5.41 

[04.00 
5. 37 

z6 

66.94 
6.09 

7375 
6.04 

8044 
6.00 

87.00 
595 

93  44 
5.91 

111 

•1:11 

112.00 
5.77 

17 

71  44 
6.50 

78.75 
6.45 

1;JS 

'^iS 

1:?J 

'1,^ 

113  44 
6.23 

120.00 
6.18 

x8 

1 

75  94 
6.90 

'i:il 

'iJi 

1:?l 

106.44 
6.72 

113  75 
6.67 

'1.^3 

[28.00 
6.58 

1 

1   " 

80.44 
7-31 

1:S 

96.94 
7.22 

105.00 
7. 17 

112.94 
•  7.12 

120.75 
7.08 

128.44 
7.03 

[36.00 
6.99 

1 

30 

8494 
7.72 

'?:2? 

"?:g 

III.OO 

758 

X19  44 
7-53 

127.75 
7.49 

I3S  94 

7.44 

144.00 
7.39 
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Cbap.  10 


e.  DimensUms,  Moments  of  Inertis,  RsdU  of  Gyrstioii  snd  Section- 
Modttli  of  Standard  Stmctursl  Shapes 

Explanation  of  Tahles.  As  in  using  structural-steel  shapes  the  choice  is 
practically  confined  to  sudi  shapes  as  are  rolled  by  the  mills,  it  is  essential  to 
have  at  hand  the  dimensions  and  properties  of  those  shapes  in  order  to  calcu- 
late the  necessary  sizes  to  meet  special  requirements  fot  strength  and  practical 
conditions  of  economy  and  framing.  Since  2890  great  changes  have  been  made 
both  in  the  materials  and  in  the  shapes  of  the  standard  sections.  The  rolling- 
mills  which  manufacture  the  most  complete  assortment  of  structural  shapes  are 
those  of  the  Carnegie  Steel  Company,  the  Cambria  Steel  Company,  the  Jones 
&  Laughlin  Steel  Company  and  the  Bethlehem  Steel  Company.  In  general,  the 
products  of  these  mills,  especially  beauns  and  channels,  are  respectively  similar 
in  shape.  This  b  particularly  true  of  the  shapes  rolled  by  the  first  three  of  the 
companies  named. 

The  standard  steel  beams  and  channels  considered  in  the  following  pages  are 
rolled  by  all  of  these  mills,  with  the  exception  of  those  of  the  Bethlehem  Steel 
Company.  With  a  few  exceptions  the  following  tables  of  properties  of  stand- 
ard structural  shapes  are  adapted  from  the  19x5  edition  of  the  Pocket  Com- 
panion of  the  Carnegie  Steel  Company.  It  may  be  well  to  state  that  the  tables 
of  properties  for  the  various  structural  sha^ies,  published  by  the  companies  named 
above,  do  not  agree  exactly,  even  for  the  same  weights,  but  the  differences  are 
not  of  practical  importance.  The  tables  of  the  Cambria  Steel  Company  and 
of  the  Carnegie  Steel  Company  for  beams  and  channels  agree  more  doaely.  As 
angles  are  very  extensively  used  for  a  great  many  purposes,  the  properties  are 
given  for  all  sizes  rolled  and  also  a  table  showing  from  which  mills  the  different 
sizes  may  be  obtained.  Naturally  it  will  generally  be  advantageous  to  use  a 
size  that  is  rolled  by  several  mills. 

Tables  XV,  XVI  and  XVII  will  be  found  very  convenient  when  computing 
the  strength  of  struts  formed  of  pairs  of  angles,  and  Table  XVm  when  com- 
puting the  same  for  pairs  of  channels. 

Standard  Steel  Beams  and  Channels* 

Common  Dimensions 


->■«*. 


6-d/6+3 

|BO.OII25(i  +  O.I3 

a -0.01875^+0.09 
m-«-f-(*-/)/i2 

Slope  of  flange,  1:6-  i6«4%  -  9**  27'  42' 
'  From  Pocket  Companion,  191 5  Edition,  Carnegie  Steel  Company,  Pit 
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o*  3.83/  — 0.10 
p,  computed 
r-  X.48/  +  0.03 
^-16.78/ -0.66 
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STRUOTURAL  BEAMS 


353 


-fc- H 


n  -  minimum  web  » / 
R  »  minimum  web  +  o.  lo 
f  n  Mo  minimum  web 
h  —  distance  between  fiange-flllets 
Slopeof  flange,  i:  6  -  i6%%  -  9*  27' 42" 


I 


STRUCTURAL  CHAKKELS 


fi «  minimum  web  » / 
R  -  minimum  web  +  axo 
f  «>  Mo  minimum  web 
Slope  of  flange,  1:6-  i6H%  -  9°  27'  42" 

AH  (fimensioxis  are  in  inches  and  apply  only  to  the  minimum-weight  beams  or 
draaoels. 

Dimeosioiis  given  for  structural  beams  are  those  adopted  in  1896,  by  the 
Association  of  American  Steel  Manufacturers  and  apply  to  all  beam-sections 
&V)wn  on  the  pages  of  the  Carnegie  Steel  Company's  Pocket  Companion,  191 5 
EcfiUoQ,  except  the  American  Standard  beam-sections  B  i,  B  2  and  B  3,  beam< 
sections  B  24  and  B  81,  and  supplementary  beams  B  31  to  B  38,  indu^ve. 

Dimensions  shown  for  structural  channels  are  those  adopted  by  the  Associ- 
adoo  of  American  Steel  Manufacturers  and  apply  to  all  structural  channel - 
iectioQS. 
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Properties  of  Structural  Shapes,  etc. 
Table  IV.*    Properties  of  I-Beam  Sections 


Chap.  10 


1= 


-1 


-f 


Sec- 
tion- 
index 

beam 

Weight 

Area 
of 
sec- 
tion 

Width 

of 
flange 

Thick- 

ness  o{ 

web 

Axis  x-l 

Axis  2-3 

/ 

r 

I/c 

/ 

in« 
S3.i 

f 

In 
1.47 

J/c 
in* 

14  1 

in 

..   ' 

sq  in 

in 

in 

in« 
38886 

in 
1088 

in» 

214.0 

B31 

a? 

83.0 

24  41 

7.500 

0.434 

B24 

24 

TI5-O 
IIO.O 

105.0 

3398 
32.48 
30.98 

8.000 
7.938 
7-875 

0.750  I29SS  5 
0.688    2883  5 
0.625    2811.5 

9  33 
9  42 
9  S3 

246.3 
240.3 
314. 3 

83.3 

81.0 
78.9 

1-57 

1:§ 

90.8 

ao4| 
30.0 

1  «' 

34 

lOO.O 

9S.0 
90.0 
85.0 
80.0 

39.41 
a7.94 
26.47 
25  00 
a3  3a 

7.254 
7.193 
7. 131 
7  070 
7  000 

0  754    2379  6 
0.693    2309  0 
0.6)1     22«  4 
0..S7O  |2l67  8 

0.500  3087.2 

9.00 
9.09 
9.20 
9  Ji 
946 

198.3 
103.4 
186.5 
180.7 
173.9 

48.6 
47.1 
45.7 
44.4 
43.9 

1.38    134 

1.30  IJ  I 

1.31  12.8 

1.33    12  6 

1.36  12.3 

B32 

24 

69.S 

ao.44 

7.000 

0.190  1938.0 

9.71 

160.7 

39.3 

1.39     II. 2 

B33 

31 

575 

16.8S 

6.500 

0.3S7    1337. 5 

8.54 

II6.9 

aB.4 

1.30     88' 

B    2 

ao 

100.0 
95.0 

80.0 

2941 
a7  94 
26.47 
25  00 
2373 

7.a84 
7.210 

7.063 
7  000 

0.884    1655  6 
0.810  ,1606.6 
0.7.U    I5S7  6 
0  66)    1508  5 
o.6jo  11466.3 

7  SO 
7.58 
7.67 
7.77 
7.86 

16S.6 
160.7 
155.8 

.53.7 
S0.8 
49.0 
47.3 
45.8 

1.34    14  5 

1  3.5    14.1 
1.36.   13  7 
I   37    M  4 
1.39i  13. t| 

B   3 

20 

75.0 

70.0 
65-0 

32  06 

20. SQ 
19.08 

6.T90 
6.3i5 
6.250 

0  6|Q  I1368  8 
0  575    1219.8 
0.500    I 169  5 

7.58 
7.70 
7.8J 

136.9 
122.0 
117.0 

30.3 
29.0 
37.9 

1.17      9  5 
1. 19'     92 

i.ai,    8.9 

B81 

1 

18 

80.0 
7S.0 

2647 
2S  00 
2  J. 53 
23.05 

7  245 

7.163 
7.082 
7.000 

0.807  '1260.4 
0.72s     TU20.7 
0.644     1 181.0 
0.562    I 141. 3 

6  90 
6.9q 
7.09 
7.19 

140.0 
135.6 
HI. 2 
X36.8 

52.0 
50.0 

1.40'  14   *' 
X.42'    14  0 
1.43    13  6 
X.45i   13  2 

B80 

x8 

70.0 
6s  0 
60.0 
SS-o 

ao.S9 
19.12 
17.65 
15.93 

6.259 
6.177 
6.09.5 
6.000 

0.719     931.2 
0.6i7      881.5 
0.SS5      841.8 
0.460     795.6 

6.69 
679 
6  9» 
7.07 

103.4 
97.9 
93.5 
88.4 

34.6 
23.5 
22.4 
31.3 

1.09      7.9 
III;     7  6 
1. 13      7  3 
i.xsi    7.1 

,     B34 

18 

46.0 

13.53 

6.000 

0-333  1  733  a 

7.36 

8X.S 

19.9    l.3l|    6.6 

1  ^' 

IS 

75  0 
70.0 
65,0 
60.0 

32.06 
20.59 
19.12 
17.67 

6.293 
6.194 
6.096 
6.000 

0883     691.3 
0.784     663.7 
0.686     616.1 
0.590  1  609.0 

560 
5.68 
5  77 
5.87 

SI 
84.8 

8X.3 

30.7    1. 18 
39.0'  X.19 
37.4i  x.ao 
a6.o,  z.ai 

<    9S 

1    9-« 

1:? 

B   7 

IS 

55.0 
50  0 
45.0 
42.0 

16.18 
14  71 

S.746 
S648 
SSSO 
SSOO 

0.656     sii.o 
0.S.S8     483.4 
0.460     455-9 
0.410     44X.8 

S.62 
5.73 
S.87 
5.95 

68.1 
64.5 
60.8 
S8.9 

17.1 
16.0 
15.1 
14.6 

I.od 
1.04 

ten 
i.of 

59 

^B. 

IS 

360 

10.63 

S  Soo 

0.389     40s. I 

6.17 

S4.0 

13.S 

I.XJ 

Note.  The  exponential  figures  used  with  /  and  I/c  denote  the  mathematical 
"  dimensions  "  of  these  quantities,  that  is,  the  number  of  times  the  tiaear  unit  up 
pears  as  a  factor  in  the  quantities. 

•  Prom  Pocket  Companion,  19x5  Edition.  Carnegie  Steel  Company,  ^ttsbursh.  Pft 
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Tftble  IV*   (Cootmned).    FropertlM  of  I-Bwun  Stdoa 


1 

'    Sec- 

.   tion- 

beam 

Weight 

Area 

of 
section 

Width 
of 

flange 

Thirk- 

neasof 

web 

Axi«  x-x 

Axis  2-2        1 

/ 

r 

I/c 

/ 

r 

in 

1.04 
x.os 
X.06 
1.08 

I/c 
in» 
6.2 

n 

5.3 

in 

lb 

sqin 

in 

in 

in« 

in 

in» 

in« 

B   8 

u 

SS.o 
SO.o 
45.0 
40.0 

X6.i8 
14. 71 
13.24 
X1.84 

S.611 

in 

5.250 

0.821 
0.699 
0.576 
0.460 

321.0 
303.4 

269.0 

4-45 

4.77 

53.5 
50.6 
47.6 
44.8 

17.5 
x6.i 

13.8 

B   9 

12 

3S.O 
31-5 

7^ 

5.086 
5.000 

0.436 
0.350 

228.3 

215.8 

4.71 
4.83 

38.0 
.36.0 

10. 1 
9.5 

099 
1. 01 

4.0 
3.8 

B36 

la 

275 

8.04 

S.ooo 

0.255 

1996 

4.9^ 

33.3 

8.7 

1.04 

3.5 

Bxi 

xo 

40.0 
35. o 
30.0 

2S.O 

11.76 
10.29 
882 
7.37 

5.099 
4.660 

0.749 
0.602 
0.455 
0.310 

158.7 
146.4 

134  2 
122. 1 

367 
3.77 
390 
4.07 

31.7 

26.8 
24.4 

11 

1:1 

0.90 
0.91 
0.93 

0.97 

3.7 
3.4 
32 

3.0 

BJ7 

lO 

22.0 

6.52 

4.670 

0.232 

113.9 

4.18 

22.8 

6.4 

0.99  2.7 

Bl3 

9 

35-0 

30.  o 

2S.0 
21. 0 

XO.29 
8.82 
7. 35 
6.31 

4.772 
4.330 

0.732 
0.569 
0.406 
0.290 

III. 8 
101.9 

3.29 

3  40 

in 

248 
22.6 
20.4 
18.9 

7.3 
6.4 
5.7 

5.2 

0.84'  3.1 
0.85;  28 
0.881  2.5 

0.90,  2.4 

Bis 

8 

25.  S 

23. o 

20.5 

x8,o 

6!76 
6.03 
5  33 

4.271 
4.179 
4.087 
4.000 

0.541 
0.449 
0.357 
0.270 

68.4 
64.5 
60.6 
56.9 

3.02 
3.09 
3.17 
3.27 

17. 1 
16. 1 
15.2 
14.2 

4.8 
4.4 
41 
3.8 

0.80'  2.2 
0.81I  21 
0.82    2  0 
0.84'  1.9  , 

BiS 

8 

17-5 

5.  IS 

4.330 

0.210 

58.3 

3.37 

X4.6 

4.5 

0.93    2.1   ; 

Bx7 

7 

2O.0 

17.5 
X5.0 

588 
5  IS 
4.42 

3868 
3.763 
3.660 

0.458 
0.353 
0.250 

422 

2.68 
2.76 
2.86 

12. 1 

11. 2 
10.4 

3.2 
2.9 
2.7 

0.74    I  7 
0.76    1.6 
0.78;  1.5 

Bi9 

6 

17. 25 
14- 75 
X2.2S 

5.07 
4  34 
3.61 

3. 575 
3.452 
3330 

0.475 
0.35a 

0.230 

26.2 
24.0 
21.8 

2.27 

2.35 
2.46 

8.7 
8.0 
7.3 

1.9 

0.68'  1.3 
o.69i  1.2 
0.72    1.1 

B21 

5 

1475 

12.25 

975 

5:S 

2.87 

3.294 
3.147 
3.000 

0.504 
0.3S7 
0.210 

15.2 

13.6 
12.1 

1.87 
1.94 
2.05 

6.1 
5  5 
4.8 

1.7 
1.5 
1.2 

0.63 
o.6j 
0.6s 

I  0 

BZ3 

4 

lo.s 

ri 

7.5 

3.09 
2.79 
2. so 
2.21 

2.880 

2.807 

0.410 
0.337 
0.263 
0.190 

7.1 

6.8 
6.4 
6.0 

1.52 
1. 55 

1.64 

3.6 
3.4 
3.2 

3.0 

I.O 

0.93 
0.85 
0.77 

0.57 
0.58 
0.58 
0.59 

0  70 
0.66 
0.62 
0.58 

B77 

3 

1:1 

5.5 

2.21 
1. 91 
X.63 

2.521 
2.423 
2330 

0.361 
0.263 
0.170 

2.9 

2.7 
2.5 

1.15 
1. 19 
1.23 

!:l 

1.7 

0.60 
O.S3 
0.46 

0.52 

0.52 
0.53 

0.48 
0.44 
0.40 

See  "Note  '*  with  table  on  preceding  page. 

*  From  Pocket  Companion,  19x5  Edition.  Carnegie  Steel  Company,  Pittsbtirgh.  Pa. 
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Properties  of  Structural  Shapes,  etc. 
Table  V.*    PiopertiM  of  H*BMm  Secdona 


Chap.   lO 


... 


Theae  may  be  employed  aa  columns,  using  tlie  axis  2-2 


1 

Isec 

1    tion- 

index 

Depth 
of 

Weight 
per 
foot 

Area 

of 

section 

Width 

of 
flange 

Thick- 
ness 
of  web 

Axisi-i 

Axia2-2 

/ 

r 

I/c 
in> 

/ 
in* 

r 

I/C 

in 

lb 

sqin 

in 

in 

in« 

in 

in 

in» 

1     H4 
H3 
Hj 
Hi 

8 
6 
5 

4 

34.0 
23  8 
18.7 
13.6 

10.00 
7.00 
SSO 
4. CO 

8.0 
6.0 
SO 
4.0 

0375 
0.313 
0.313 
0.313 

..5.4 

4S.1 
23.8 
10.7 

340 
2. 54 
2.06 
1  63 

28.9 
iS.o 
9.5 
5.3 

35. 1 
14-7 
7.9 
3.6 

1.87 
I  45 
1.20 
0.9s 

8.8 
4-9 
3  I 
1.8 

See  "  Note  "  with  Table  IV,  page  354. 

*  Fxom  Pocket  Companion.  1915  Edition,  Carnegie  Steel  Company.  Pittsburgh.  Pa. 
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1  Depth 
1     of 
beam 

Weight 
per 
foot 

Area 
of 

aection 

mesa 

of 

web 

Width 

of 
flange 

Increase 

of  web 

and 

flange  for 
each  lb 
increase 

of  weight 

Neutral  axis 

perpendicular 

to  web  at  center 

Neutral 
axis  coin- 
cident with 
center  line 

of  web 

/ 

r 

I/c 

^ 

r 

ia 

lb 

sqin 

in 

in 

in 

in* 

in 

in« 

in* 

in 

JO 

lao.o 

35. 30 

0.S40 

10.500 

O.OIO 

5239.6 

X2.I8 

3493 

165.0 

2.X6 

as 

105  0 

30.88 

o.soo 

10.000 

O.OIX 

40x4.1 

XI. 40 

286.7 

131. 5 

2.06 

a6 

90.0 

26.49 

0.460 

9-500 

O.OIX 

2977.2 

XO.60 

229.0 

101. 2 

X.95 

«♦ 

84.0 

2480 

0.460 

9  250 

0.0x2 

2381.9 

9.80 

198.5 

91.1 

X.92 

M 

83.0 

24.59 

0.S20 

9.130 

0.0x2 

2240.9 

955 

X86.7 

78.0 

1.78 

24 

730 

M.47 

0.390 

9.000 

0.0x2 

3091.0 

9.87 

174.3 

74.4 

1.86 

ao 

82.0 

24.17 

0.S70 

8.890 

0.015 

1559.8 

8.03 

xs6.o 

79.9 

X.83 

30 

72.0 

21.37 

0.430 

8.750 

0.0x5 

1466.S 

8.38 

146.7 

75.9 

X.88 

ao 

69.0 

20.26 

0.520 

8.145 

0.015 

X368.9 

791 

136.9 

SI. 2 

X.S9 

ao 

64.0 

18.86 

0450 

8.075 

0.015 

X222.I 

8.05 

122.2 

49.8 

X.63    i 

** 

S9.0 

17.36 

0.37S 

8.000 

0.015 

XI72.2 

8.33 

1x7.2 

48.3 

X.66 

!      18 

S9.0 

17.40 

0.495 

7.67s 

0.016 

883.3 

7. 12 

98.1 

391 

X.SO 

|8 

540 

IS.87 

0.410 

7.590 

0.0x6 

843.0 

7.28 

93.6 

37.7 

1.54 

iS 

Sa.o 

IS  24 

0.375 

7555 

0.0x6 

82S.0 

7.36 

91.7 

37.1 

1.56 

l8 

48.S 

14.2s 

0.320 

7. 500 

0.0x6 

798.3 

7.48 

88.7 

36.2 

I  59 

IS 

71. 0 

20.9s 

0.530 

7. 500 

0.020 

796.2 

6.16 

X06.2 

61.3 

1.71 

IS 

64.0 

18.81 

0.60s 

7.19s 

0.000 

664.9 

595 

88.6 

4x9 

1.49 

15 

S4.0 

IS.88 

0.410 

7.000 

0.030 

610.0 

6.30 

8X.3 

38.3 

1. 55 

IS 

46.0 

1352 

0.440 

6.810 

0.020 

484.8 

5.99 

64.6 

25.2 

X.36 

IS 

41.0 

12.03 

0.340 

6.710 

0.020 

456.7 

6.16 

60.9 

34.0 

X.41 

IS 

3S.0 

IX. 27 

0.290 

6.660 

0.030 

442.6 

6.27 

59.0 

234 

1.44 

13 

36.0 

10.61 

0.310 

6.300 

0.035 

269.2 

S04 

44.9 

ax. 3 

I  42 

u 

33.0 

944 

0.335 

6.205 

0.035 

228.5 

4.92 

38.X 

x6.o 

X.30 

la 

^5 

8.42 

0.250 

6.120 

0.02s 

2X6.2 

S.07 

36.0 

15.3 

1.35 

1     lo 

a«.S 

8.34 

0.390 

5990 

0.039 

134.6 

4.02 

26.9 

12.  X 

1. 21 

1       lO 

aa.S 

6.94 

0.3S0 

S.850 

0.029 

X22.9 

4.21 

24.6 

XI. 2 

1.27 

9 

24.0 

7.04 

0.36s 

5-555 

0.033 

92.x 

3.62 

20.5 

8.8 

1. 12 

9 

20.0 

6.01 

0.350 

S.440 

0.033 

85.1 

3.76 

X8.9 

8.3 

1. 17 

8 

I9.S 

S-78 

0.32s 

5.325. 

0.037 

60.6 

3.24 

xs.x 

6.7 

1.08 

8 

I7.S 

S.18 

0.250 

5.250 

0.037 

57.4 

3.33 

14.3 

6.4 

X.XI 

See  ••  Note  "  with  Tkble  IV,  page  354. 

•  Adapted  from  Catalogue  of  StructunU  Shapes.  1909  Edition.  Bethlehem  Sted 
Company.  Bcihlebemf  Fft. 
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Table  Vn.*    Properties  of  Bethlehem  Oirder-Beam  Seetiont 


beam 

Weight 
per 
foot 

Area 

of 

section 

Thick- 
ness of 
web 

Width 

of 
flange 

Increase 

of  web 

and 

flange 

for  each 
pound 

increase 

of  weight 

Neutral  axis 

perpendicular 

to  web  at  center 

Neutral 
axis  coin- 
cident with 
center  line 

of  web 

/ 

r 

I/c 

/ 

r 

in 

lb 

sq  in 

in 

in 

in 

in* 

in 

in« 

in* 

in 

30 
30 

38 

36 
36 

34 
34 

30 
30 

x8 

IS 

IS 
IS 

13 
13 

10 

9 
8 

300.0 

xSo.o 

180.0 
165.0 

160.0 
150.0 

140. 0 
I30.0 

140.0 
113. 0 

93.0 

140.0 
104.0 

73  0 

70.0 
55  0 

44  0 

38.0 

32. S 

58.71 
53.00 

53.86 
48.47 

46.91 
43.94 

41.16 
3538 

41.19 
33.81 

37.12 

41.37 
30.50 
21.49 

30.58 
16.18 

129s 

11.33 

954 

0.750 
0.690 

0.690 
0.660 

o.6jo 
o.6jo 

o.6co 
0.530 

0.640 
0.550 

0.480 

0.800 
o.6co 
0.430 

0.460 
0.370 

0.310 
0.300 
0.390 

15.00 
X3-00 

I4.3S 
13.50 

13.60 

13.00 

13.00 
13.00 

13.50 
13.00 

11.50 

11.75 

11.35 
10.50 

10.00 
9.7s 

9.00 
8.50 
8.00 

0.0x0 

O.OIO 

O.OIX 
O.OII 

O.OII 
O.OII 

O.0I3 
0.013 

0.0X5 
0.0x5 

0.0x6 

O.03O 
0.030 

0.020 

0.Q3S 
0.035 

0.030 
0.033 
0.037 

9150.6 
8194.5 

7264.7 
6562.7 

5630.8 
SIS3  9 

430X.4 
3607.3 

3934.7 
3342.1 

1591.4 

1592.7 
1220.1 
883.4 

538.8 
432.0 

244  3 
170.9 
114.4 

13.48 
12.43 

11.72 
1Z.64 

10.9s 
10.83 

10.10 
10.  XO 

8.44 
8.45 

7.66 

6.31 

6.33 
6.41 

5. 13 
5. 17 

4.34 
390 
3.46 

610.0 
S46.3 

5X8.9 
468.8 

433.4 
3965 

3S0.I 
300.6 

293  S 

234.3 

176.8 

313. 4 

163.7 
117.8 

898 

73.0 

48.8 
38.0 

38.6 

630.3 
4333 

533. 3 
371.9 

435  7 
314.6 

346.9 
249-4 

348.9 
3393 

183.6 

331.0 
3x3.0 
123.3 

114  7 
8X1 

57. 3 
44. X 
33.9 

3.38 
3.86 

3.18 
3.77 

3.05 
3.68 

3.90 
3.66 

3.91 

3.70 

2.59 

3.83 
3.64 
2.39 

3.36 

3.34 

3.X0 
1.98 
X.86 

See  "  Note  "  with  Table  IV.  page  354. 

*  Adapted  from  Catalogue  of  Structural  Shapes.  1909  Edition.  Bethlehem  Steel 
Company,  Bethlehem,  Pa. 
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t 

i 


Deph 

Weight 
foot 

Area 
of 

Width 

of 
flange 

Thick- 
ness of 
web 

Ajiis  i-i 

Ax 

1    ■ 
I 

1 

coan- 

sec- 
tion 

i 
42 

n 
16 

I/c      I 

in 

lb 

sqin 

in 

in 

in» 

in* 

550 

16.18 

3.818 

0.818 

57.412.2 

So.o 

14.71 

3.720 

0.720 

4C 

23 

S3. 711. 2 

IS 

4S.O 

13  24 

3.622 

0.622 

31 

32 

50.0  10.3 

4O.0 

11.76 

3.524 

0.524 

34 

43 

46.3 

94 

3SO 

10.29 

3.426 

0.426 

31 

58 

42.7 

8.5 

1 

33  o 

990 

3.400 

0.400 

31 

6241.7 

8.2 

40.0 

11.76 

3.418 

0.758 

19 

09' 32  8    6  6  1 

3S.O 

*2? 

3.296 

0.636 

17129  91  5  9  1 

12 

30.0 

8.83 

3.173 

0.513 

28 

26  9    5  2 

as.o 

7. 35 

3.050 

0.390 

43 

24.0    4.5 

ao.5 

6.03 

2.940 

0.280 

61 

21.4 

39 

3S.O 

10.39 

3.183 

0.823 

35 

23.1 

4.7 

1 

30.0 

8.82 

3.036 

0.676 

42 

20.7 

4.0 

1        ^° 

25. o 

7. 35 

2.889 

0.529 

52 

18.2 

3.4 

20.0 

5.88 

2.742 

0.382 

66 

IS  7    29 

1 

IS  o 

4.46 

2.600 

0.240 

87 

13  4    2.3 

1 

25  0 

735 

2.815 

0.615 

10 

IS  7    30 

9 

20.0 

5.88 

2.652 

0.452 

21 

13  5,   25 

15  o 

4.41 

2.488 

0.288 

40 

11  3    20 

1325 

3.89 

2.430 

0.230 

49 

10  SI  18 

21.25 

6.25 

a.622 

0.582 

77 

II  91   23 

18  75 

5  51 

2.530 

o.49<^, 

82 

11  0    2.0 

8 

i6.2S 

4.78 

2.439 

0399 

89 

10.0    1.8 

13  75 

4  04 

2.347 

0.307 

98 

9.0'   1.6  1 

11.25 

335 

2.260 

0.220 

11 

8.1 

1." 

19  75 

S.81 

2.513 

0.633 

39 

1:1 

17  as 

507 

2.408 

0.528 

44 

7 

14  75 

4  34 

2.303 

0.423 

50 

7.8 

12.25 

3.60 

2.198 

0.318 

59 

6.9 

. 

9  75 

a.85 

2.090 

0.210 

72 

6.0 

IS  5 

456 

2283 

0.563 

07 

6.5 

« 

130 

382 

2.160 

0.440 

13 

5^ 

V 

105 

3-09 

2.038 

0.318 

21 

SO 

0. 

80 

2.38 

1.920 

0.200 

34 

4.3 

0. 

II. 5 

338 

2.037 

0.477 

75 

4-2 

0. 

5 

90 

26s 

1.890 

0.330 

83 

3.6 

0  .,., 

65 

1  95 

1750 

0.190 

95 

3.0 

0.48 

7.2s 

2  13 

1.72s 

0.32s 

46 

2.3 

0  44 

4 

6.25 

1  84 

1.652 

0.2S3 

51 

2.1 

0.38 

5-25 

I  55 

1.580 

0.180 

56 

1.9 

0.32 

6.0 

1.76 

1.603 

0.362 

08 

1.4 

0.31 

3 

SO 

1.47 

1.504 

0.364 

12 

1.2 

0.25 

4.0 

1.19 

1. 410 

0.170 

I 

.6|l.i7 

I.I 

0.20 

See  ••  Note  "  with  Table  IV,  page  354- 

*  Rearranged  from  Pocket  Companion.  1915  Edition,  Carnegie  Steel  Company, 
PUubargh,  Pa. 
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I  o<  Sectifioa  aad  Waighte  of  SnaB  Oraofad  Steal 


!*"*■*: 


f-npt:i 


Section- 

Size  of 

Width  of 

Thickness  of 

Weight  per 

section, 

flange, 

web. 

loot. 

in 

in 

in 

lb 

C-164 

2H 

»M« 

M 

i.5S 

C-X65 

2W 

H 

Me 

a.09 

Ox66 

2\i 

»H« 

W 

X.63 

C-X83 

2 

W 

H 

a.xz 

O184 

2 

9l6 

Me 

1.68 

C-18S 

a 

H 

H 

X.26 

C-190 

i« 

»H« 

Me 

1. 71 

C-X91 

iH 

H 

^ 

X.33 

C-193 

i« 

»H2 

^fe 

I  33 

C-I9S 

iH 

H 

^4 

096 

C-197 

iVi 

H 

Me 

I  47 

C-199 

iH 

H 

H 

0.93 

C-aoo 

Oi 

^« 

Me 

X.Z2 

C-ao3 

I 

W 

M 

0.83 

C-^cfj 

I 

>H4 

M 

0.71 

C-ai3 

?i 

Me 

H 

0.66 

C-317 

T< 

H 

H 

o.SB 

C-219 

M 

H 

M 

0.54 

C-aai 

W 

»W2 

Ma 

0.40 

C-M3 

H 

M. 

\i 

0.43 

*  Rolled  by  the  Jones  &  Laughlin  Steel  Company,  Pittsburgh,  Pa. 
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The  foUomiiis  table  has  been  compiled  to  show  angles  of  various  sixes  rolled  by 
ififferent  companies.  The  word  "all"  indicates  that  angles  of  the  sizes  mentioned  are 
roOed  by  all  the  companies  included  in  the  list.  The  abbreviations  refer  to  the 
ioUawins  companies:  Cam.,  Cambria  Steel  Company;  Car.,  Carnegie  Steel  Com> 
psny;  J.  ft  L..  Jones  &  T^nghlin  Steel  Company. 


Angles  with  unequal  legs 

Angles  with  equal  legs 

Siaes  in  inches 

Companies 

Sbes  in  inches 

Companies 

«    X« 

Cam.  and  Car. 

8    X8 

AU 

«    X3H 

Car. 

6    X6 

AU 

7     X3H 

AU 

S    XS 

AU 

6    X4 

All 

4\iX4H 

Cam. 

6    X3H 

AU 

4     X4 

AU 

S    X4 

All 

3MX3\i 

AU 

1        S    X3W 

AU 

3MX3M 

J.&L. 

!        $    X3 

AU 

3    X3 

All 

4HX3 

Car.  and  J.  &  L. 

2^Xa^ 

Cam.  and  J.  &  L. 

4     X3M 

AU 

aViXa^ 

AU 

4     X3 

AU 

aHXaW 

Cam.  and  J.  &  L. 

3WX3 

AU 

a    Xa 

AU 

3HX2H 

AU 

iHXiH 

AU 

3HXa 

J.&L. 

iWXi^ 

All 

3HX1W 

J.&L. 

iHXiH 

J.&L. 

3    X2\^ 

AU 

iHXiH 

AU 

3    X2 

AU 

i^eXi^s 

J.&U 

a^iXa 

AU 

I    Xi 

AU 

2HXi« 

J.&L. 

HXH 

J.&L. 

2WX1W 

C4U-.  and  J.&L. 

»HXxM 

Cam. 

aMXiH 

J.&L. 

aHXiH 

Car.andJ.&L. 

2    XiW 

Car.  and  J.  &  L. 

2    XiH 

J.&L. 

a    XxH 

Car. 

a    XI 

J.&L. 

xMXiVi 

J.&L. 

zfiXiM 

Car. 

mxiH 

J.&L. 

xHXiH 

Car. 

iWXi 

J.&L. 

iHX  7< 

J.&L. 

I    X«M6 

J.&L. 

X    X  H 

J.&L. 
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Properties  of  Structural  Shapes,  etc.  Chap.    IC 

Table  ZI.*    Properties  of  Angle-SectionB.    Uneoiud  Legs. 


i\ 


•4^ r^ 


ll         "N 


Axis 

i-i 

Axis  2-2 

Axis 

Weight 

Area 

3-3 

Sixe 

SSt 

of 
section 

/ 

in* 
80.8 

r 

in 
2.49 

I/c 
in» 
IS. I 

X 

in 

2.65 

I 

in« 
38.8 

r 

in 
1.73 

I/c 
in« 
8.9 

in 
1. 6s 

r^» 

in 

lb 

sqin 

in 

8X6    XI 

44.2 

13.00 

1   ^ 

8X6    X»M« 

41.7 

12.25 

76.6 

2.50 

14  3 

3.63 

36.8    1.73 

8.4 

1.63 

I   a8 

8X6    XH 

39  I 

11.48 

73  3 

2  51 

13  4 

2.61 

34  9 

1.74 

7.9 

1. 61 

1-28 

8X6    X'^ifl 

36.S 

10.72 

67.9 

3  52 

13  5 

3.59 

32.8 

1.75 

7.4 

1  59 

1.29 

8X6    XH 

3.3.8 

9  94 

634 

2.53 

11.7 

2.56 

30.7 

1.76 

6.9 

I.S6 

1-29 

8X6    X'Vio 

31.3 

9  IS 

S8.8 

3  54 

10.8 

3.54 

28.6 

1.77 

6.4 

I.S4 

1*9 

|8X6    XH 

28. 5 

8.36 

54  I 

3.54 

99 

2.53 

26.3 

1.77 

5  9 

1.52 

1.30 

8X6     X'^la 

25.7 

7.56 

493 

3  55 

89 

2.50 

24.0 

1.78 

S3 

I. SO 

1.3D 

8X6    Xl-i 

23.0 

6.75 

44  3 

3.56 

80 

2.47 

21.7 

1.79 

48 

1.47 

1.30 

8X6    Xlu 

20.2 

S  93 

39  2 

3. 57 

7.1 

2.45 

193 

1.80 

42 

1.45 

1.30 

8X3UX1 

35.7 

10.50 

66.2 

2  51 

13.7 

3.17 

7.8 

0.86 

3.0 

0.92 

0.73 

8X3V*jX>Mfl 

33  7 

9  90 

62  9 

3.53 

12  9 

3.14 

7.4 

0.87 

2.9 

0.89 

0.73 

SX.J»/^X"li 

31.7 

9.30 

59  4 

2. 53 

12.2 

3.12 

71 

0.87 

2.7 

0.87 

0.73 

;8X3''^X>^i« 

29.6 

8  68 

55  9 

3.54 

11   4 

3.10 

6.7 

0.88 

2.5 

0.85 

0.73 

8X3^^X>4 

27. 5 

8.06 

52  3 

3.55 

10.6 

3.07 

6.3i  0.88    2.i 

O.&l 

0-73 

8X3ViX'Vu 

25  3 

7  43 

485 

2.56 

9.8 

3.0s 

59 

0.89    2.2 

080 

0.73 

8X3^^XH 

23  2 

6  80 

44  7 

2.57 

9.0 

3.03 

5  4 

0.90   2.0 

0.78 

0  74 

8X3''*2X^i« 

21    0 

6  IS 

408 

2.57 

82 

3.00 

SO 

0.90'  1.8 

0.7s 

0.74 

SXi^iXH 

18.7 

5  SO 

367 

2.58 

7  3 

2.98 

4-5 

o.9i|  1.6 

0.73 

0   74 

8X3^iXM« 

16.S 

4.84 

33.5 

2.59 

6.4 

2.9s 

4.1 

0.92 

IS 

0.70 

0.74 

.  7X3HX1 

32  3 

9  SO 

45  4 

2.19 

10.6 

2.71 

7.5    0.89 

3.0 

0.96 

0.74 

7X3^iX'M» 

30  5 

897 

43  1 

2.19 

10.0 

2.69 

7.2    0.89 

2.8 

094 

0   74 

7Xi^'iXl% 

28.7 

842 

40  8 

2.20 

9  4 

2.66 

6.8    0.90 

2.6 

0.91 

0.74 

7X34X')i« 

26.8 

7.87 

.^4 

2.21 

8.8 

2.64 

6.5    0.91 

2.S 

0.89 

0.74 

7X3V'2X-^i 

24  9 

7  31 

36.0 

2,22 

8.2 

2.62 

6.1 

0.91 

2.3 

0.87 

0.74 

7X3V2X'H« 

23  0 

67s 

3.  J  5 

2  2\ 

7.6 

2.60 

57 

0.92 

2.1 

08s 

0.74 

7X3HXH 

21.0 

6  17 

.V3  0 

2   24 

7.0 

2.57 

S3 

0.93 

2.0 

08a 

0.75 

7X3''-iX«i6 

19  1 

S  59 

2H   J 

2   25 

6.3'   3.55 

4.9'  0.93 

1.8 

0.80 

0.75 

iXiHX^^ 

17.0 

5  00 

25   4 

2.25 

5  7,  3.53 

4  41  0.94 

1.6 

0.78 

0.75 

^x^\riXlu 

iS.o 

4  40 

22  6 

2.26 

5.0,   2.50 

40    0.95 

1.4 

0.75 

0.76 

7X3yiXH 

13.0 

3.80 

19  6 

2.27 

4  3 

2.48 

35 

0.96 

1.3 

0.73 

0.76 

6X4    Xi 

306 

9.00 

30.8 

1.85 

8.0 

2.17 

10.8 

1.09 

38 

1.17 

0  85 

6X4     X'M« 

289 

8  50 

29  3 

1.86 

76 

2.14 

10.3 

l.IO 

3.6 

X.X4 

0.85    1 

6X4     XU 

27  2 

798 

27  7 

1.86 

7.2 

2.12 

98 

I.  II 

3  4 

i.xa 

0.86 

6X4      X'}16 

25  4 

7  47 

26  1 

1.87 

6.7 

2.10 

9.2 

I. II 

32 

I.XO 

0.8^ 

6X4     X^i 

236 

6  94 

24  5 

1.88 

6.2 

2.08 

87 

1. 12 

3.0 

1.08 

0  se, 

6X4    X>h« 

21  8 

6.40 

22.8 

1  89 

5.8 

2.06 

8.1 

1.13 

2.8 

X.06 

0  86 

6X4    XH 

20  0 

5.86 

21.1 

1.90 

53 

2.03 

7.5 

1.13 

2.5 

1.03 

0  86 

6X4     X«f« 

18  I 

5  31 

19  3 

1-90 

4.8 

2.01 

69 

1.14 

23 

I. Of 

0.87 

6X4     X4 

16  2 

4. 75 

17.4 

I  91 

4  3 

I  99 

6.3 

1. 15 

2.1 

0  99 

0  87 

6X4     Xvi« 

14  3 

4.18 

15  5 

I  93 

38;   1.96 

S.6 

1. 16 

1.8 

0.96 

0  87 

6X4     XH 

12  3 

3.61 

13.5 

1.93 

3  3^   1.94 

4.9 

I.I7 

1.6 

0.94 

0.88 

I 

Sec  "  Note  "  with  Table  IV,  page  354, 

•  Prom  Pocket  Companion,  1915  Edition.  Carnegie  Stoel  Company,  PitUbursh.  Pa. 
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41 


N 


Weight 

An» 

AxiBi-i 

Ajds^ 

Axis 
J-3 

Sue 

^ 

of 

section 

1 

1 

/ 

r 

I/c 

X 

/ 

r 

I/c 

y 

r"5» 

ia          , 

lb 

SQ  in 
8.S0 

in* 

in 

:. 

in 

in* 

in 

in* 

in 

in 

■^'?4Xl 

a8.9 

29.2 

1.85 

7.8 

2.26 

7.2 

0.92 

2.9 

X.CI 

0.74 

•12X>^« 

27  3 

8.03 

27.8 

1.86 

7.4 

2.24 

6.9 

0.93 

2.7 

0.99 

0.74 

••:4XH 

25. 7 

7. 55 

264 

1.87 

7.0 

2.22 

6.6 

0.93 

2.6 

0.97 

0.75 

*.ViX»^* 

24.0 

7-06 

24.9 

1.88 

6.6 

2.20 

6.2 

0.94    2.4 

0-95 

0.75 

•'5:XH 

22.4 

6.56 

23  3 

1.89 

6.x 

2.18 

5.8 

0.941  2.3 

0.93 

0.75 

-^J':X»M« 

30.6 

6.06 

21.7 

1.89 

5.6 

2.IS 

55 

o.95t  2.x 

0.90 

0.7S 

•Vj'jXH 

18.9 

5. 55 

20. 1 

X.90 

52 

2.13 

5.x 

0.961  1.9 

0.88 

0.75 

^^'■:X«u 

X7-I 

S  03 

18.4 

x.9r  4.7 

2.II 

•  4.7 

0.96,  1.8 

0.86 

0.75 

^■\h)CM 

IS  3 

4  SO 

16.6 

X.92i    4-2 

2.08 

4.3 

0.97.  1.6 

0.83 

0.76 

•<i'iX7i« 

13- 5 

3-97 

14.8 

X.93,  3  7 

2.C6 

3.8 

0.981  1.4 

0.81 

0.76 

'>3':XH 

11.7 

342 

12,9 

1.94    3-3 

2.04 

3.3 

0.99,  1.2 

0.79 

0.77 

'U-2X4i« 

9.8 

2.87 

10.9 

X.95    2.7 

2.01 

2.9 

I. 00'  I.O 

1 

0.76 

0.77 

••'»   XT4 

24.2 

7  II 

16.4 

1.52    50 

1:251 11 

X.14   3.3 

1. 21 

0.84  1 

«<4    X'H* 

22.7 

6.65 

IS.  5 

I. 531  4.7 

x.15   3.1 

1. 18 

0.84   1 

^■-4  xn 

21  I 

6.19 

14.6 

1.54   4.4 

1.661  8.2  1  1. 15'  2.9 

i.x6 

0.84  ' 

>'4    X»H« 

19  S 

5-72 

136 

I. 54!  4.1 

1.64    7-7  1  1.16    2.7 

1. 14 

0.84 

><4    XH 

17.8 

S.23 

12.6 

I. 55    3.7 

1.62    71  1  X.17    2.5 

1. 12 

0.84 

M    X*is 

16  2 

4-75 

II. 6 

1.56,  3  4 

1.60   6.6      1. 18    23 

1. 10 

08s 

•X4    X>4 

14-S 

4.2s 

10. s 

I.S7|  3.x 

X.S7   6.0      1. 18    2.0 

1.07 

0.85 

^«   X?-U 

12.8 

3  75 

9  3 

I.S8    2.7 

1. 55    5-3  '  1.19'  1.8 

I. OS 

0.8s 

5<4   XH 

11.0 

3  23 

8.1 

X.59!  2.3 

I. S3    4.7  1  1.20'   1.6 

1.0 J 

0.86 

^<.^'iXT4 

22.7 

6.67 

15-7 

1.53;  4.9 

1.79'  6.2  1  0.95    2.5 

1.04 

0.75 

-••\'::X»»i« 

21  3 

62s 

14.8 

I.54I  4.6 

1.77 

5  9     0.97    2.4 

1,02 

\    0.7s 

-^5-iXM 

198 

S.81 

13.9 

1.5s    4  3 

1.7s 

5.6     0.98    2.2 

1. 00 

0.7s 

•XiiiX»M« 

183 

537 

13.0 

1. 56 

4.0 

1.72 

5.2  1  0.98   a. I 

0.97 

0.75 

jVjliXH 

16.8 

492 

12. 0 

1.56 

3.7 

1.70 

4.8  1  0.99I  19 

0.95 

0.75 

>X^^iX»i« 

IS  2 

4.47 

II. 0 

X.S7 

3-3 

1.68 

4.4  1  1.00;  1.7 

0.93 

0.7s 

'X3»iXH 

136 

4.00 

10. 0 

1. 58 

3-0 

i'.66 

4.0  '  X.CI 

1.6 

0.91 

0.75 

v<3'iX'ifl 

12.0 

353 

8.9 

X.59 

2.6 

X.63 

3.6 

1. 01 

1.4 

0.88 

0.76 

%<.?'2XH 

10.4 

3.0s 

7.8 

1.60 

2.3 

I.61 

3.2 

1.02 

1.2 

0.86 

0.76 

?X3^iXM« 

8.7 

2.56 

6.6 

X.61 

1.9 

1.59 

2.7 

1.03 

1.0 

0.84 

0.76 

5yj  x»M« 

199 

5.84 

14.0 

X.S5 

4-5 

1.86 

3.7 

0.80'  1.7 

0.86 

0.64 

=X3    XH 

18.S 

544 

13.2 

x.ss 

4.2 

X.84 

3.5 

0.80I  1.6 

0.84 

0.64 

5X3    X»H» 

17.1 

5- 03 

12.3 

1.56 

39 

1.82 

3.3 

0.811  1.5 

0.82 

0.64 

SX3    XH 

15.7 

4.61 

11.4 

X.S7 

3.5 

1.80 

31 

0.81 

1.4 

0.80 

0.64 

?X3    XM« 

143 

4.18 

10.4 

X.58 

3.2 

1.77 

2.8 

0.82 

1.3 

0.77 

0.6s 

••:<3  x^ 

12.8 

3  75 

11 

1.59 

it 

1.75 

2.6  1  0.83 

I.I 

0.7S 

0.6s 

^XJ   X^i. 

I1.3 

331 

1.60 

X.73 

2.3  1  0.84 

1.0 

0.73 

0.65 

5X.1    XH 

l:S 

2.86 

7.4 

1.61 

2.2 

I:S 

2.0    0.84 

0,89 

0.70 

0.6s 

5X3   XM« 

a.40 

6.3 

X.61 

1-9 

X.8     0.85 

0.75 

0.68 

0.66 

See  ••  Note  "  with  Table  IV.  page  354- 
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Table  ZI*  (Conttooed).    PropertiM  of  Aasle-Sectkms.    Uae^iMl  L«g» 


Hi 


1^ 


^ 


s; 


ir^ST 


Weight 

Area 

Axis  i-i 

AiiBa-2 

Axis 

3—3 

Size 

foot 

of 
section 

/ 

r 

I/c 

X 

/ 

r 

I/c 

y 

r«J» 

in 

lb 

sq  in 

in* 

in 

in« 
3.6 

in 

in« 
3.6 

in 

in» 

in 

in 

4HX3    X>M6 

18.S 

5. 43 

10.3 

1.38 

1.65 

0.81 

*  2 

0.90 

0.64 

4HX3    XH 

17.3 

5.06 

9.7 

1.39 

3  4 

1.63 

3.4 

0.82 

1.6 

0.88 

0.64 

4HX3    X»He 

16.0 

4.68 

?•* 

1.39 

3.1 

1.60 

3.2 

0.83 

1.5 

0.8s 

0.64 

aHX3    XH 

14-7 

4.30 

8.4 

1.40   2.9 

1.58 

3.0 

0.83 

1.4 

0.83 

0.64 

aMX3    X^U 

133 

3.90 

7.8 

1.41J  2.6 

1.56 

2.8 

0.8s 

1.3 

0.81 

0.64 

aHX3    XH 

H.9 
10.6 

3SO 

7.0 

1.42   2.4 

1.54 

2.5 

0.85 

i.i 

0.79 

0.65 

aHX3    XMe 

3.09 

6.3 

1.43   2.1 

1. 51 

2.3 

0.85 

I.O 

0.76 

0.65 

4HX3    XH 

91 

2.67 

55 

1.44-  1.8 

1.49 

2.0 

0.86   0.88 

0.74 

0.66 

aHX3    XMe 

7.7 

2.25 

4.7 

1.44    1.5 

1.47 

1.7 

0.87   0.75 

0.7a 

0.66 

4    

18.S 

5.43- 

7.8 

1. 19    29 

1.36 

5.5 

1. 01 

2.3 

1.11 

0.72 

4 

17.3 

5. 06     7.3 

1.20     2.8 

1.34 

52 

1. 01 

2.1 

1.09 

0  72 

4 

16.0 

4.68 

6.9 

I. 21     2.6 

1.32 

4  9 

1.02 

2.0 

1.07 

0.72 

4 

14.7 

4.30 

6.4 

1.22     2.4 

1.29 

45 

1.03 

1.8 

1-04 

0.72 

4 

13-3 

3.90 

59 

1.23     2.1 

1.27 

42 

1.03    1.7 

1.02 

0  72 

4 

11.9 

3.50 

5  3 

1.23     1.9 

1. 25 

3.8 

1.04    1.5 

1. 00 

0.72 

4 

10.6 

309 

4.8 

1.24,    1.7 

1.23 

3  4 

1.05;   1.3 

098 

0-72 

4 

91 

2.67 

42 

I. 25    1.5 

1. 21 

30 

1.06    1.2 

0.96 

0.73 

4 

7.7 

2.25 

3.6 

1.26,    1.3 

1. 18 

2.6 

1.07 

1.0 

0.93 

0.73 

4    X3 

17.1 

5. 03 

7.3 

I. 21     2.9 

1.44 

3.5 

0.83 

1.7 

0.94 

0.64 

14     X3 

16.0 

4.69 

6.9 

1.22     2.7 

1.42 

3.3 

0.84 

1.6 

l:% 

0.64 

4    X3 

14.8 

4.34 

6.5 

1.22    2.5 

1.39 

3.1 

0.84 

1.5 

0.64 

4     X3 

13.6 

3.98 

60 

1.23     2.3 

1.37 

2.9 

0.85 

1.4 

0.87 

0.64 

4     X3 

12.4 

3.62 

5.6 

1.24     2.1 

1.35 

2.7 

0.86 

1.2 

0.85 

0.64 

4     X3 

II. I 

3.2s 

5-0 

1.25'    1.9 

1.33 

2.4 

0.86 

i.i 

0.83 

0.64 

4     X3 

11 

2.87 

45 

1.25!   ^-7 

1.30 

2.2 

0.87 

1.0 

0.80 

0.64 

4     X3 

2.48 

4.0 

1.26    i.S 

1.28 

1.9 

0.88 

0.87 

0.78 

0.64 

4     X3 

7.2 

2.09 

3  4 

1.27     1.2 

1.26 

1.7 

0.89 

0.74 

0.76 

0.65 

4    X3 

5.8 

1.69 

2.8 

1.28,  1.0 

1.24 

1.4 

0.89 

0.60 

0.74 

0-65 

3^4X3    X^Me 

15.8 

4.62 

SO 

1,04     2.2 

1.23 

3  3 

0.8s 

1.7 

0^ 

0  62 

3^iX3    XH 

14.7 

4  31 

4-7 

1.04     2.1 

1. 21 

31 

0.85 

i.S 

0.96 

0.62 

3V^X3  xnu 

13.6 

4.00 

4.4 

105     1.9 

1.19 

3.0 

0.86 

1.4 

0.94 

0.62 

3>iX3    XH 

12. s 

3.67 

4.1 

1.06    1.8 

1.17 

2.8 

0.87 

1.3 

0.92 

0.62 

3HX3    XMe 

11.4 

3.34 

3.8 

1.07    1.6 

1. 15 

2.5 

0.87 

1.2 

IM 

0  62 

3V^X3    XH 

10.2 

3.00 

3.5 

1.07    1.5 

1.13 

2.3 

0.88 

1.1 

0.62 

3HX3    xiu 

91 

2.6s 

3.1 

1.08    1.3 

1. 10 

2.1 

0.89 

0.98!  0.85 
0.85I  o.8;3 

0  62 

3^iX3    XH 

7  9 

2.30 

2.7 

1.09    1.1 

1.08 

1.8 

0.90 

0  62 

3HX3    XM« 

6.6 

1.93 

2.3 

1. 10!  0.96 

1.06 

1.6 

0.90 

0.72 

0.81 

0  6j 

3hX3    XH 

5-4 

I.S6 

X.9 

I. 11:  0.78 

1.04 

1.3 

0.91 

0.58 

0.79 

;  0.63 

3l^X2HX»He 

12.5 

3.6s 

4.1 

1.06:  1.9 

1.27 

1.7 

0.69 

0.99 

0.77 

053 

3WX2HXH 

11. s 

3.36 

38 

1.071   1.7 

1.25 

1.6 

0.69 

0.92 

0.75 

0  53 

3^iX2ViXM6 

10.4 

3.06 

3.6 

1.08 

1.6 

1.23 

IS 

0.70 

0.84 

0.73 

.0  S3 

3HX2HXH 

11 

2. 75 

32 

1.09 

1.4 

1.20 

1.4 

0.70 

0.76 

®  s 

0  S3 

3HX2HXMe 

2.43 

n 

1.09 

1.3 

1.18 

1.2 

0.71 

0.68 

o.d8 

0  54 

3ViX2HXH 

7.2 

2. II 

1. 10 

1.1 

1. 16 

l.i 

0.72 

0.S9 

0  66 

0.54 

3HX2HXM6 

6.1 

1.78 

2.2 

I. II 

0.93 

1.14 

0.94 

0.73 

o.so 

064 

0  S4 

3HX2HXH 

4.9 

1.44 

1.8 

1. 12 

0.75 

1.11 

0.78 

0.74 

0.41 

o.6x 

0.54 

See  "  Note  "  with  Table  IV,  page  354- 
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TkMa  ZI  •  (Coodnned).    PropectiM  of  Angl^-Seetioiis.    Unequal  L«g» 


si 


T-N 


Weight 

Area 

Aiisi-i 

Axis  2-2 

Axis 
3-3 

Si-HP 

iS 

of 

section 

1 

r 

I/c 

s 
in 

/ 

r 

I/c 

y 

fta 

in 

lb 

sq  in 

in« 

in 

in> 

in*. 

in 

in* 

in 

in 

^:2-zXH9 

S:l 

2.78 

2.3 

0.91 

1.2 

1.02 

1.4 

0.72 

0.82 

0.77 

0.52 

]  XaiiXH 

2.SO 

2.1 

0.91 

1.0 

1.00 

1.3 

0.72 

0.74 

0.75 

0.52 

i    Xi»2XTi4 

7.6 

2.21 

X.9 

0.92 

0.93 

0.9B 

1.2 

0.73 

0.66 

0.73 

0.52 

i  XJi^XW 

6.6 

Jg 

1-7 

0.93 

0.81 

0.96 

1.0 

0.74 

0.58 

0.71 

0.52 

J    X2UX*<« 

S-6 

X.4 

0.94 

0.69 

0.93 

0.90 

0.74 

0.49 

0.68 

0.53 

•   XJV^XW 

4-5 

1.31    1    1.2 

0.9s 

0.56 

0.91 

0.74 

0.75 

0.40 

0.66 

0.53 

.  Xi    XH 

7.7 

2.2S   1   1.9 

0.92 

I.O 

1.08 

0.67 

0.55 

0.47 

0.58 

0.43 

Xj    X^1« 

6.8 

2.00       1.7 

0.93 

0.^ 

1.06 

0.61 

0.55 

0.42 

0.S6 

0.43 

,   ^2    XH 

5-9 

I  73  '  I.S 

0.94 

0.78 

1.04 

O.S4 

0.56 

0.37 

0.54 

0.43 

Xi    XM« 

SO 

1.47      1.3 

0.95 

0.66 

1.02 

0.47 

0.57 

0.32 

0.52 

0.4J 

,  Xa    XV* 

4-1 

1.X9 

I.I 

0.95 

0.54 

0.99 

0.39 

0.57 

0.2s 

0.49 

0.43 

:.X2    XVi 

6.8 

2.00 

i.i 

0.75 

0.70 

0.88 

0.64 

0.s6 

0.46 

0.63 

0.42 

.<a    XT-i* 

6.1 

1.78 

1.0 

0.76 

0.62 

0.85 

o.s8 

0.57 

0.41 

0.60 

0.42 

-  .:<i    XH 

5  3 

1. 55  ;  0.91 

0.77 

0-55 

0.83 

0.51 

0.58 

0.36 

0.58 

0.42 

..Xi    XM« 

i.L 

1. 31 

0.79 

0.78 

0.47 

0.81 

0.4S 

0.58 

0.31 

0.56 

0.42 

-  .<2    XV4 

i.o6 

0.65 

0.78 

0.38 

0.79 

0.37 

0.59 

0.25 

0.54 

0.42 

:<2     XM« 

a. 75 

0.81 

0.51 

0.79 

0.29 

0.76 

0.29 

0.60 

0.20 

0.51 

0.43 

xa    XH 

Z.86 

0.5S 

0.3S 

0.80 

0.20 

0.74 

0.20 

0.61 

0.13 

0.49 

0.43 

.  .^i4XM» 

392 

1.15 

0.71 

0.79 

0.44 

0.90 

0.19 

0.41 

0.17 

0.40 

0.32 

-  .Xi^sXU 

3-19 

0.94 

0.59 

0.79 

0.36 

0.88 

0.16 

0.41 

0.14 

0.38 

0.32 

•  :XihXM» 

a.44 

0.72 

0.46 

0.80 

0.28 

0.8s 

0.13 

0.42 

O.II 

0.35 

0.33 

.iXiHXH 

5.6 

1.63 

0.75 

0.68 

0.54 

0.86 

0.26 

0.40 

0.26 

0.48 

0.32 

.  ,XxWXTl« 

50 

1.45 

0.68 

0.69 

0.48 

0.83 

0.24 

0.41 

0.23 

0.46 

0.32 

:.XI4XH 

44 

1.27 

0.61 

0.69 

0.42 

0.81 

0.21 

0.41 

0.20 

0.44 

0.32 

.*.Ai»iXMe 

3.66 

1.07 

0.53 

0.70 

0.36 

0.79 

tM 

0.42 

0.17 

0.42 

0.32 

-  *xiWxM 

J.9» 

0.8B 

0.44 

0.71 

0.30 

0.77 

0.42 

0.14 

0.39 

0.32 

.  ,XiHxHi 

2.a8 

0.67 

0.34 

0.72 

0.23 

0.75 

0.12 

0.43 

d.ii 

0.37 

0.33 

.   XiViXH 

3-99 

X  17 

0.43 

0.61 

0.34 

0.71 

0.21 

0.42 

0.20 

0.46 

0.32 

-    Xi^xM« 

339 

1.00 

0.38 

0.62 

0.29 

0.69 

0.18 

0.42 

0.17 

0.44 

0.32 

2   xiWXH 

2.77 

o.«i     0.32 

0.62 

0.24 

0.66 

o.is 

0.43 

0.14 

0.41 

0.32 

3   xiHXX* 

2.12 

0.6a 

0.25 

0.63 

0.18 

0.64 

0.12 

0.44 

O.II 

0.39 

0.32 

i   XiHXH 

X.44 

0.42 

0.17 

0.64 

0.13 

0.62 

0.09 

0.45 

0.08 

0.37 

0.33 

2   XiMXM 

2.SS 

0.75 

0.30 

0.63 

0.23 

0.71 

0.09 

0.34 

O.IO 

0.33 

0.27 

J    XiHXMe 

1.96 

0.57 

0.43 

0.64 

0.18 

0.69 

0.07 

0.3S 

0.08 

0,31 

0.27 

:-*XiWXM 

2.34 

0.69 

o.ao 

0.54 

0.18 

0.60 

0.09 

0.35 

O.IO 

0.35 

0.27 

:'iXiMX?i« 

1.80 

0.11 

0.16 

IM 

0.14 

0.58 

0.07 

0.36 

0.06 

0,33 

0.27 

i-*XiMXH 

x.as 

O.II 

0.09 

0.56 

0.05 

0.37 

O.QS 

0.31 

0.27 

liXiHXM* 

2.59 

0.76 

0.16 

0.46 

0.16 

0.52 

O.IO 

0.3S 

O.II 

0.40 

0.26 

iMXiWxH 

2.13 

0.63 

0.13 

0.13 

0.50 

0.08 

0.36 

0.09 

0.38 

0.26 

:-xXiWXM« 

1.64 

0.4B 

O.IO 

0.46 

0.10 

0.48 

0.07 

0.37 

0.07 

0.35 

0.26 

See  **  Note  '*  with  Table  IV.  PMEe  354- 
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Table  XO.*    PropertiM  of  Aasla-Sectioas.    B«iud 

^  i 


Chap.  1 


li  Ni 


Weight 

Area 

Axis  i-i  and  Axis  >-a 

AXU3-3 

Size 

«^t 

of 
section 

/ 

r 

J/c 

X 

imim 

in 

lb 
56.9 

sqin 

in« 

in 

in» 

in 

in 

8X8X1^ 

16.73 

98.0 

a. 42 

17.5 

2.41 

x.ss 

8X8XiM« 

54.0 

IS.87 

93. 5 

2.43 

16.7 

2.39 

I.^ 

8X8X1 

Si.o 

15.00 

89.0 

2.44 

IS8 

2.37 

I.S6 

8X8X'M« 

48.1 

14.12 

84.3 

2.44 

14.9 

2.34 

'5f 

8X8XU 

45.0 

13.23 

79.6 

a.4S 

14.0 

2.32 

1.56 

8X8X>Me 

42.0 

12.34 

74.7 

2.46 

13.1 

2.30 

1.57 

8X8X^4 

38.9 
3S.8 

11.44 

69.7 

2.47 

12.2 

2.28 

1.57 

8X8X«Vi« 

10.  S3 

64.6 

2.48 

11.2 

2.25 

X.58 

8X8XH 

32.7 

9.61 

S9.4 

2.49 

10.3 

2.23 

1.58 

8X8X9ie 

29.6 

8.68 

54.1 

2.50 

9  3 

2.21 

X.58 

8X8X^i 

26.4 

7.75 

48.6 

2.51 

8.4 

2.19 

I.S8 

6X6X1 

37.4 

IX. 00 

35. S 

1.80 

8.6 

1.86 

X.16 

6X6X»M« 

35.3 

10.37 

33.7 

1.80 

8.x 

1.84 

1. 16 

6X6X7,i 

33  I 

9  73 

31.9 

1.81 

7.6 

1.82 

1. 17 

6X6X»^i« 

31.0 

9.09 

30.1 

1.82 

7.2 

1.80 

X.17 

6X6X^4 

28.7 

8.44 

28.2 

1.83 

6.7. 

1.78 

X.17 

6X6X»H6 

26.S 

7.78 

26.2 

1.83 

6.2 

I  7S 

1   17 

6X6XH 

24.2 

7." 

24-2 

1.84 

57 

1.73 

I-I7 

6X6X*i« 

21  9 

6.43 

22.1 

1. 8s 

SI 

I  71 

1. 18 

6X6X^3 

19  6 

5. 75 

19.9 

1.86 

4.6 

1.68 

X.18 

6X6X^i« 

17-2 

S.06 

17.7 

1.87 

4.1 

1.66 

1. 19 

6X6XH 

14.9 

4.36 

IS. 4 

X.88 

3.5 

1.64 

1. 19 

SXSXI 

30.6 

9.00 

19.6 

1.48 

58 

1. 61 

0.96 

SX5X»M6 

28  9 

8.  so 

18.7 

1.48 

5  5 

1.59 

0  96 

SX5XT6 

27.2 

7.98 

17.8 

1.49 

52 

1.57 

0.96 

SXsX»*ia 

25  4 

7  47 

16.8 

I. SO 

49 

I  SS 

0.97 

SX5X?4 

23.6 

6.94 

IS. 7 

ISO 

4  5 

I  52 

0.97 

sxsxnu 

21.8 

6.40 

14.7 

LSI 

4.2 

I. SO 

0.97 

SX5XH 

20.0 

5.86 

13.6 

1.S2 

39 

1.48 

0.97 

SXSX^B 

18.1 

5.31 

12.4 

1.53 

3  S 

1.46 

0.98 

5XSXH 

X6.2 

4.7s 

II. 3 

X  54 

32 

1.43 

0.98 

SXSXIU 

14.3 

4.18 

10.0 

ISS 

2.8 

1.41 

098 

SXSXH 

12.3 

3.61 

8.7 

1.56 

2.4 

1.39 

0.99 

4X4X»M« 

III 

S.84 

8.1 

X.18 

3.0 

1.29 

0.77 

4X4XM 

5.44 

7.7 

X.19 

2.8 

1  27 

0.77 

4X4X»He 

17. 1 

5. 03 

7.2 

1.19 

2.6 

1.25 

0.77 

4X4XH 

15. 7 

4.61 

6.7 

1.20 

2.4 

1.23 

0.77 

4X4X"1e 

14.3 

4.18 

6.1 

1. 21 

a. 2 

1. 21 

0.78 

4X4X^i 

12.8 

375 

5.6 

X.22 

2.0 

1. 18 

0.78 

4X4X7.1. 

II. 3 

3  31 

5.0 

1.23 

1.8 

i.x6 

0.78 

4X4X^6 

9-8 

2.86 

4  4 

1.23 

IS 

1.14 

0.79 

4X4X'^U 

8. a 

2.40 

3.7 

1.24 

1.3 

1. 12 

0.79 

4X4XH 

6.6 

1.94 

3.0 

1. 25 

I.O 

..09 

0.79 

See  ••  Note  "  with  Table  IV,  page  354- 
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Pioperties  of  Structural  Shapes,  etc  3G7 

»  Zn*  (CnaHwaed).     Ptoperties  of  Aa^t-Sectioas.    Banal  Ug» 


h  Nj 


Weisht 

Ana 

Axis  i-i  and  Axis  2-2 

Axis3-3 

«« 

iS 

of 
section 

I 

r^ 

J/c 

t 

r^ 

= 

lb 

sqin 

in* 

in 

in» 

in 

in 

'^•♦X'^i. 

17-1 

s  03 

S3 

1.02 

a.3 

1. 17 

0.67 

..<*! 

i6  o 

4-69 

SO 

1.03 

a. I 

I. IS 

0.67 

'.X»M« 

14.8 

4.34 

4.7 

1.04 

3.0 

Z.I3 

0.67 

■-2XH 

13-6 

3.98 

4.3 

1.04 

1.8 

1. 10 

0.68 

•-.X»i« 

12. 4 

3-62 

4.0 

1.0s 

1.6 

1.08 

0.68 

>  :X4 

II. I 

3- as 

3.6 

1.06 

1.5 

1.06 

0.68 

.■:X'i« 

9-« 

3.87 

3.3 

1.07 

1.3 

1.04 

0.68 

.  ,-XH 

».s 

2.4« 

a. 9 

1.07 

1.2 

1. 01 

0.69 

>-.XM» 

7.a 

2.09 

as 

1.08 

0.9B 

0.99 

0.69    . 

•^'!X^ 

1         S-8 

*-?f 

3.0 

1.09 

0.79 

0.97 

0.69 

'»  XH 

ll-S 

3-36 

2.6 

0.88 

13 

0.98 

0.57 

'1    X»i« 

1       IO-4 

3-06 

a.4 

0.89 

1.2 

0.9s 

o.s8 

•1  XH 

i         9-4 

2.75 

a. 3 

0.90 

Z.I 

0.93 

^5f 

i  x-i. 

1         8.3 

2.43 

a.o 

0.91 

0.9s 

1% 

0.58 

•J   XH 

[         7.2 

3. XI 

Z.8 

0.91 

0.83 

0.58 

'.^    X^« 

1         6.1 

1.78 

IS 

0.92 

0.71 

0.87 

O.S9 

•1  XH 

!         49 

1.44 

x.a 

0.93 

0.S8 

0.84 

0.S9 

o'lXH 

7-7 

3.2s 

I. a 

0.74 

0.73 

0.81 

0.47 

i'sX'U 

6.8 

3.00 

X.I 

0.7s 

0.6s 

0.78 

0.48 

'/sXH 

1         5-9 

1.73 

0.98 

0.7s 

0.57 

0.76 

0.48 

•.•.•ix*<« 

/         50 

1.47 

0.85 

0.76 

0.48 

0.74 

0.49 

.'S^lX^i 

1          4-1 

1.19 

0.70 

0.77 

0.39 

0.72 

0.49 

.'2'~iXh€ 

3  07 

0.90 

0.5S 

0.78 

0.30 

0.69 

0.49 

•J'aX^ 

3.08 

0.61 

0.38 

0.79 

0.20 

0.67 

0.50 

^i  x^^:« 

5-3 

1.S6 

0.54 

0.59 

0.40 

0.66 

0.39 

O   XH 

4.7 

1.36 

048 

0.S9 

03S 

0.64 

0.39 

^2   XM« 

3  92 

1.15 

0.4a 

0.60 

0.30 

0.61 

0.39    ; 

'J  XH 

3- 19 

0.94 

0.3S 

0.61 

0.2s 

0-59 

0.39    t 

U   X*i« 

2:44 

0.71 

0.38 

0.62 

0.19 

O.S7 

0.40 

'J   XH 

1.6s 

0.48 

0.19 

0.63 

0.13 

o.SS 

0.40 

^•'*X*U 

4.6 

1.34 

0.35 

o.si 

0.30 

0.S9 

0.33 

':*»XH 

3  99 

1.17 

0.31 

o.si 

0.26 

0.57 

0.34 

•.%XH« 

3.39 

1. 00 

0.27 

0.5a 

0.23 

o.SS 

0.34 

••'■.X^l 

2-77 

0.81 

0.23 

O.S3 

0.19 

0.53 

0.34 

':nXH« 

a.  13 

0.6a 

0.18 

0.54 

0.14 

o-Si 

0.35 

"i'*XH 

1.44 

0.4a 

0.13 

OSS 

O.IO 

0.48 

0.35 

/'.-.XH 

3-3S 

0.98 

O.X9 

0.44 

0.19 

O.SI 

0.29 

>:'2Xhi 

a.86 

""•S* 

0.16 

0.44 

0.16 

0.49 

0.29 

^I'lXH 

2.34 

0.69 

0.14 

0.4S 

0.13 

0.47 

0.39 

:^f'iX?<« 

X.80 

S:!! 

O.ll 

0.46 

O.IO 

0.44 

0.29 

*'^hXM 

1.23 

0.06 

0.46 

0.07 

0.42 

0.30 

'iWXMi 

3.33 

0.68 

0.09 

0.36 

O.II 

0.42 

0.24 

■  »i'«X^ 

1.90 

0.56 

o.oB 

0.37 

0.09 

0.40 

0.24 

•'i^tXM* 

i.X 

0.43 

0.06 

°-^ 

0.07 

0.38 

0.24 

AirlXH 

l-OX 

0.30 

0.04 

0.38 

0.0s 

0.3S 

0.25 

^i  XH 

in 

0.44 

0.04 

0.29  • 

0.06 

0.34 

O.X9 

X(  x^e 

0.34 

0.03 

0.30 

0.04 

0,32 

0.X9 

XI  XH 

0.80 

0.33 

0.02 

0.31 

0.03 

0.30 

0.19 

*^  liOLt  -  with  Table  IV,  page  354- 
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Properties  of  Structural  Shapes,  etc. 
IkUa  xm.*    PiopectiM  ol  T  SMtfans.    Flange  and 


Chap.    1 


sue 

Weight 
per 
loot 

Area 
of 
sec- 
tion 

Axi8X-I 

Aziaa-a 

Flange 

Stem 

Minimum 
thickncM 

/ 

r 

in 
i.ao 

1. 31 

1.04 

I/e 

s 

in 

1. 18 
1. 13 
X.05 

/ 

r 

in 

0.84 
o.a3 

0.74: 

I/c 

Flange 

Stem 

in 

in 

in 

in 

lb 

aqin 

in« 

S-7 
4.S 
3.7 

in* 

a.o 
1.6 
x.S 

in« 

2.8 
2.1 
X.9 

in* 

4 
4 
3^ 

4 
4 
3Vi 

H 

135 

lo.s 
II. 7 

3.97 
3.09 
3.44 

1.4 

X.I 

1. 1 

3H 

3 

3 

3>^ 

3 

3 

Me 

Me 

9.2 

99 
8.9 

2.68 
2.91 
2.59 

3.0 
2.3 
2.X 

1.05 
0.88 
0.89 

1.2 
1. 1 
0.98 

I. ox 
0.93 
0.91 

X.4  '  0.73 
i.a     0.64 
i.o     0.63 

0  8i 
0.8c 
0.7c 

3 
3 

2}i 

3 
3 
2H 

Me 

H 
Me 

H 

7.8 
6.7 
6.4 

2.27 
1-95 
1.87 

X.8 
1.6 
x.o 

0.90 
0.90 
0.74 

0.86;  0.88 
o.74[  0.86 
0.59.  0.76 

0.90  0.63 
0.75'  0.63 
0.52   O.S3 

0.6c 
o.sc 

0.4J 

2\h 

2\i 

2M 

Me 
Me 

5S 
4.9 
4.1 

X.60 
1.43 
1.19 

0.88 
o.6s 

0.S2 

0.74 
0.67 
0.66 

0.50 
0.41 
0.32 

0.74 
0.68 
0.65 

0.44 
0.33 
0.25 

0.5a 
0.4S 
0.46 

0.2; 

3 
2 

2 
2 

Me 

Me 
M 

43 

3.56 

3.09 

1.26 

I. OS 
0.91 

0.44 
0.37 
0.23 

0.S9 
0.59 
0.51 

0.31 
0.26 
0.19 

0.61 
O.S9 
0.54 

0.23 
0.X8 

0.X2 

0.43    0  22 
0.4a    o.il 
0.37    0.1^ 

Me 

Me 

a.47 
1.94 
2.02 

0.73 
0.S7 
0.S9 

o.is 

O.II 

0.08 

0.45 
0.45 
0.37 

0.14 

O.II 
O.IO 

0.47 
0.44 
0.40 

0.06 
0.06 
0.05 

0.3a 
0.3a 

o.aS 

0  V 

X 
X 

X 

I 

Me 
Me 

Me 
Me 

X.S9 
I.2S 
0.89 

0.47 
0.37 
0.26 

0.06 
0.03 

0.02 

0.37 
0.29 
0.30 

0.07 
0.05 

0.03 

0.38 
0.3a 

O.Q3 
0.02 
O.OI 

o.a? 
0.2a 
o.ai 

O.OJ 

o.o^ 

o.oi 

See  ••  Note  "  with  Table  IV,  page  354. 
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Properties  of  Structural  Shapes,  etc. 
«f  T  Sections.    Hangs  snd 


Stsm  UM«oal 


Sac 

A 

Axis 

i-i 

Axis  2-2 

Weigfat 

of 
flec- 

Misimum 
Uuckneas 

fiSt 

'X  &CS1 

tion 

/ 

r 

I/c 

2 
in 

/ 

r 

I/c 
in» 

Stem 

ia 

in 

in 

lb 

sq  in 

in< 

in 

in* 

in« 

in 

3 

H 

«^ 

13  4 

J93 

2.4 

0.78 

I.I 

0.73 

5.4 

1.17 

2.2 

7M 

H 

'.i« 

X0.9 

^l! 

1.5 

0.68 

0.78 

0.63 

41 

1.14 

-        3H        U* 

'He 

IS -7 

4.6o 

5.1 

x.os 

2.1 

I. II 

3.7 

0.90 

••        3 

»i 

H 

1:5 

2.88 

2.1 

0.84 

0.91 

0.74 

3.0 

I  02 

:        3 

»i« 

M. 

2.46 

1.8 

0.8s 

0.78 

0.71 

2.5 

1. 01 

^      i?4 

H 

^ 

9.2 

2.68 

I  2 

0.67 

0.63 

0.59 

3.0 

I. OS 

.:       jH 

si« 

^« 

7.8 

2.29 

1.0 

0.68 

0.54 

0.57 

as 

1.05 

S 

H 

H 

153 

4.50 

10.8 

1  55 

3.1 

1.S6 

2.8 

0.79 

•         5 

H 

H 

XI. 9 

3-49 

8.5 

1.S6 

2.4 

X.51 

2.1 

0.78 

4H 

^ 

H 

14. 4 

4.23 

7.9 

1.37 

2.5 

1.37 

2.8 

0.81 

<          4H 

H 

^ 

11.2 

3  29 

6.3 

1.39 

2.0 

1.31 

2.1 

0.80 

3 

H 

H 

9.2 

2.68 

2.0 

0.86 

0.90 

0.78 

2.1 

0.89 

3 

^1« 

^1« 

78 

2.29 

1.7 

0.87 

0.77 

0.75 

1.8 

0.88 

o!88 

2H, 

^ 

% 

8.5 

248 

1.2 

0.69 

0.62 

0.62 

2.1 

o«92 

a^' 

M«    1 

M« 

7   2 

2.12 

I.O 

0.69 

0.53 

0.60 

1.8 

0.91 

o!88 

.       1 

H      ' 

^ 

2« 

2.27 

0.60 

0.52 

0.40 

0.48 

2.1 

0.96 

3       1 

Ms     ' 

^i« 

6.7 

195 

0.53 

0.52 

0.34 

0.46 

1.8 

0.9s 

o!88 

-       4      1^1 

V4 

12.6 

3-22 

5.5 

1. 21 

2.0 

1.24 

19 

0.72 

',    4           H 

H 

^! 

2.88 

4.3 

X.23 

1.5 

^19 

1.4 

0.70 

0.81 

13         H      \ 

H 

X0.8 

3.17 

2.4 

0.87 

X.I 

0.88 

19 

0.77 

13       Hi 

H 

8.S 

a.48 

1.9 

0.88 

0.89 

0.83 

1.4 

0.75 

0.81 

3      1     Mft 

H 

75 

2.20 

1.8 

0.91 

0.85 

0.8s 

1.2 

0.74 

0.68 

4     1     H       1 

^i 

II. 7 

3.44 

S.2 

1.23 

1.9 

1.32 

X.2 

0.59 

0.81 

4           M« 

zu 

lo.s 

3iS 

4.7 

x.23 

1.7 

1.29 

I.I 

0.59 

0.70 

,   4         H 

H 

9.2 

2.68 

4.1 

X.24 

1.5 

X.27 

0.90 

0.58 

0.60 

3^ 

H 

Vi 

X0.8 

3.17 

3.5 

X.06 

X.5 

1. 12 

X.2 

0.62 

0.80 

1    3^ 

f?. 

Tie 

97 

2.83 

3.2 

r.o6 

1.3 

1. 10 

1.0 

0.60 

0.69 

H 

H 

8.5 

2.48 

2.8 

1.07 

1.2 

1.07 

in 

0.61 

0.62 

1     .    fi^ 

H 

7-» 

2.07 

I.l 

0.72 

0.60 

0.71 

0.66 

0.59 

•  sVi 

M« 

M« 

6.1 

1-77 

0.94 

0.73 

0.52 

0.68 

0.75 

0.65 

o.so 

.*■*      3 

H 

^ 

2-* 

2.07 

1.7 

0.91 

0.84 

0.95 

0.53 

0.51 

0.42 

•^       3 

^: 

Me 

6.1 

1.77 

^L 

0.92 

0.72 

0.92 

0.44 

0.50 

0.35 

:t  .    1« 

Me 

2.87 

0.84 

0.08 

0.31 

0.09 

0.32 

0.29 

0.58 

0.23 

iH 

H 

y^ 

3.09 

0.91 

0.16 

o.6x 

o.xs 

0.42 

0.18 

0.45 

0.18 

t'l  .    » 

H« 

Me 

2.45 

0.72 

0.27 

0.X9 

0.63 

0.06 

0.92 

o.oB 

-t  '  iH 

.H, 

^ 

1.25 

0.37 

0.0s 

0.37 

0.05 

0.33 

0.04 

0.32 

0.05 

:^  -,    H 

** 

0.88 

0.26 

O.OI 

0.16 

O.OI 

o.x6 

0.02 

0.31 

0.04 

Ss-Koie'*  «th  Table  IV,  page  354. 
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Properties  of  Structural  Shapes,  etc. 


Chap.  10 


Tftble  ZV/ 


Properties  of  Doitble-Aiigle  Secdooe.    Bquel  Legs 

ANGLES  PLACED  BACK  TO  BACK 


Single  angle 


Two 
angles 


Radii  of  gyration,  r,  in  inches 


Sire. 


8    X8    Xi^ 

^6 
6    X6    Xi 

H 
s    XS    Xi 

>M« 
H 
A    X4    X^fia 

3ViX3Hx4i« 

3    X3    XH 

H 
2\^X2HXH 

H 

2      X2      XIU 


Weight 

per 

foot. 

lb 


S6.9 

42.0 

26.4 

37.4 

26.5 

14.9 

30.6 

21.8 

12.3 

19  9 

6.6 

17  I 

S.8 

II. S 

4-9 

7-7 

41 

S3 

3  19 


Area, 
sq  in 


33  46 
24  68 
15.51 
22.00 
15  56 

8.72 
18.00 
12.80 

7  22 
11.68 

3.88 
10.06 

3  38 
6.72 
2.88 

4  50 
2.38 
3  12 


Axis  i-i 


2.42 
2.46 
2.51 
1.80 
1.83 
1.88 
1.48 
1.51 
I.S6 
1. 18 
I  25 
1.02 
I  09 
0.88 
o  9i 
0.74 
0.77 
O.S9 
0.61 


Axis  a-2 


In 

M-in 

H-in 

W-in 

^4-in 

contact 

apart 

apart 

apart 

apart 

3.42 

3  51 

3  SS 

3.60 

369 

3  37 

3.46 

3.50 

3  55 

3  64 

3  33 

3  41 

3  45 

3.50 

3.59 

2.59 

2.68 

2.72 

a. 77 

a. 87 

2  54 

263 

2.67 

2.71 

2.81 

2.49 

2  58 

2.62 

2  66 

2.75 

2.19 

2  28 

2.33 

a.38 

2  47 

2   13 

2.22 

2.26 

^^ 

2.40 

2.09 

2.17 

2.21 

2.26 

2..i5 

1. 75 

1.85 

1.89 

I  94 

2    04 

1.66 

I  75 

I  79 

1.84 

1-93 

I  SS 

I  65 

1.70 

I  75 

1.85 

1.46 

I  55 

1.59 

I  64 

1.73 

1  32 

I  41 

1.46 

I  51 

1.61 

1  25 

I  .M 

1.38 

143 

1   S3 

1.09 

1.19 

1.24 

1.29 

1.39 

1.05 

1  14 

1.19 

1.24 

1   34 

0.88 

0.98 

1.03 

1.08 

I    19 

0.85 

0.94 

0.99 

1.04 

1.14 

This  table  and  the  two  following  are  employed  in  computing  the  safe  resistance  \ 
compressive  stress  of  two  angles,  back  to  back,  used  as  struts  or  as  the  compression 
chords  of  roof-trusses,  etc.,  by  the  following  rule:  1 

Obtain  from  the  compression-formula  in  use  the  allowed  stress  per  square  \rx< 
corresponding  to  the  ratio  of  slenderness  of  the  section,  and  multiply  that  value  \\ 
the  area.    The  result  will  be  the  albwable  compressive  stress. 

Bxample  i.  S(K:tion  given.  Required  the  safe  load  in  compression,  as  per  formti; 
5  -  19  000  -  too  f/r.  on  a  strut  composed  of  two  angles,  4  by  4  by  M  in.  back  to  bfiid 
with  an  unsupported  length  of  9  ft. 

Area  of  section.  A  =  3.88  sq  in;  least  radius  of  gyration,  r  -  1.25  in. 

Ratio  of  slenderness,  //r  «  9  X  12  +  1.25  -  86.4. 

Alk>wed  unit  stress,  5  -  19  000  -  xoo  X  86.4  -  10  360  lb  per  sq  in. 

Safe  load.  AS  =  388  X  lo  360  -  40  200  lb. 

Example  2.  Stress  given.  Required  a  section  for  a  member  tn  compressio 
12  ft  3  in  long,  made  of  two  angles  separated  by  ^i-in  gusset-plates,  to  resist  a  totj 
stre%  oif  35  030  lb;   ratio  of  slenderness  not  to  exceed  120. 

Assume  two  angles,  s  by  3  by  >1«  in.  lonj?  legs  back  to  back.  , 

Area  of  section.  A  =  480  sq  in;  least  radius  of  gyration,  r  —  I.a6  in. 

Ratio  of  slenderness.  Mr  =  12.25  X  12  +  1.26  -  116.7. 

Allowed  unit  stress.  S  -  19000  —  loo  X  116.7  -  7  330  lb  per  sq  in.  ! 

Safe  load.  AS  =  480  X  7  3.30  -  35  200  lb. 

In  the  first  case  the  least  radius  of  gyration  is  that  about  the  axis  c-i;  in  the 

case,  about  the  axis  2-2:  in  all  cases  the  least  radius  of  gyration  determines  the 

of  slenderness  and  therewith  the  allowed  safe  compressive  stress.    In  all 


the  two  angles  arc  to  be  secured  together  by  stay-rivets,  so  spaced  as  to  insure  ^  I 
the  section  acts  as  a  unit.    The  ratio  of  slenaerness  of  any  single  angle  between  ri  v- 
must  always  be  less  than  that  of  the  strut  or  compression -chord. 
*  Prom  Packet  Companion,  1915  Edition.  Carnegie  Steel  Company.  Pittsborch.  { 
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TaMelVL* 


PlopeftiM  of  Donbl»-Aiicle  Sections. 

ANGLES  PLACED  BACK  TO  BACK 


Long  Lags  Vertical 


fVto^" 


SingLe  angle 

Two 
angles 

Radii  of  gyration,  r,  in 

inches 

Weight 

foot, 
lb 

Area, 
sqin 

Axisi-i 

Axis  2-2 

Size, 
in 

In 
contact 

M-in 
apart 

H-in 
apart 

H-in 
apart 

apart    , 

•'6    XI 

J1. 

44a 

33.8 

ao.a 

26.00 
19.88 
11.86 

2  49 
2.53 

2.57 

2.39 
2.35 
2.31 

2.48 
2  44 
239 

2.52 
2.48 
2.43 

2.57 

2.52 

2.48 

2.66 
2.61 
2.56 

v:,uxx^ 

3S.7 
27.5 
16.S 

21.00 
16.12 
9.68 

2.SI 
2  55 
2.S9    1 

1.26 
1.20 
I. IS 

I  35 
1.29 
1.23 

1.40 

1.28 

1.45 
1.39 
1.32 

i.SS 
1.49 
1.41 

•  <j4Xt 
H 

323 

23.0 
13.0 

19.00 
13  SO 
7.60 

2.19 
2.23 

2.27 

1. 31 
X.25 
i.ao 

1.40 
I  34 
1.28 

1. 45 
1.39 
1.33 

1.50 
1-44 
1.37 

1.60 
1.5.3 
1.46 

*'4    XI 
H 

30.6 
21.8 
12.3 

18.00 
12.80 
7.22 

1.89 
1.93 

1.60 
155 
ISO 

1.69 

1:§ 

1.62 

1.79 

1.82 
1.76 

2B.9 
ao.fi 
9.8 

17.00 

12  12 

5. 74 

1.8s 
189 
1.9s 

1-37 
1. 31 

1. 25 

1-47 
1. 41 
1.33 

1.51 
1-45 
1.37 

1.56 
1.49 
1.42 

1.66 
1.60 
1.50 

:   ''I    XT* 

H 

24  2 

II. 0 

14  22 

6.46 

1. 52 

1.59 

1.66 
I.S8 

\t 

1.80 
1.70 

1.85 
1.75 

1. 95 
1.85     1 

0'5XT4 

22.7 

»7 

1334 
5  12 

\M 

1.42 
1.33 

li\ 

156 
1.45 

1. 61 
1.50 

1. 71 
1. 59     1 

M      X»^6 

Me 

11 

n.68 
4.80 

\i\ 

1.18 
1.09 

1.27 
1.17 

1.32 
1.22 

\1 

1.47 
1.35 

18.S 
7  7 

10.86 
4  50 

1.38 

1-44 

1.21 
1.13 

1. 31 
1.22 

1.26 

1. 41 
1.30 

\:%  1 

Me 

18.S 
7-7 

10.86 
4. SO 

VI 

I. SO 
I  42 

I  S9 
I. SI 

164 
1. 55 

I  60 

\M 

171 
58 

10.06 
338 

X.2t 

X  28 

;:S 

1.35 
1.24 

1.40 
1.28 

1.45 
I  33 

I.SS     1 
1.43 

1S8 
S  4 

9  24 
3.12 

104 
I. II 

1.30 
1.20 

1.40 
I  29 

1.45 
1.34 

1.50 
1.38 

1.60     1 
1.48 

I2.S 
1         ^-^ 

l:U 

X.06 
1. 12 

1.03 
0.9s 

1. 13 
1.04 

1. 18 
1.09 

I  23 
1. 13 

1.33 
1-23 

9.S 
,       45 

It 

0.91 
0.9s 

1.05 
1. 00 

I. IS 
1.09 

1.20 
1.13 

].% 

1. 35 
1.28 

yz   x^i 

77 
4  1 

4  so 

238 

092 
09s 

0  80 
0.74 

089 
084 

IM 

1. 00 
0.93 

X.IO 

1.03 

<a     X  ^* 

68 
36a 

4  00 
2   12 

1 

V4 

0.84 
080 

094 
0.89 

0.99 
0  93 

1.04 
0.98 

I.  IS 
i.oB 

Prom  f\x:ket  Companion,  1915  Edition.  Carnegie  Steel  Company,  PitUbargh,  Pa. 
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TkiUe  XVIL*    PiropertiM  ni  Dooble-Aade  Sectiou.    Short  Ud  Vardcal 

ANGLES  PLACED  BACK  TO  BACK 


"T 


-3 


T^ 


Vtox" 


Ssgleaai^ 

Two 
angles 

Radii  of  gyration,  r,  in 

inches 

Sixe, 
in 

Weight 

Area, 
sq  in 

A2iS2-2                                            1 

lb 

Axisi-i 

In 
contact 

M-in 
apart 

H-in 
apart 

^f-in 
apart 

M-in 
apart 

8    X6    XI 

44.a 
33.8 

ao.a 

26.00 
19.88 
ii.86 

\:'4 

1.80 

3.64 
3.60 
355 

3.64 

3.78 

1% 

3.73 

'1 

382 

8    X3WXI 

357 

21.00 
16.12 
9.68 

0.86 

0.88 
0.92 

4.04 
3-99 
393 

4.14 
4.09 
4.0a 

4.19 

4  13 
4.07 

4. 12 

4.34 
4.28 
4.22 

.    X3V.Xf^^ 

3a.3 

230 

X3.0 

19.00 

0.89 
0.92 
0.96 

3.48 
342 
3.36 

358 
3.52 
346 

3.63 
3. 57 
350 

3.68 
3.62 
355 

3.78 

1% 

6    X4    Xi 

21.8 
12.3 

18.00 
12.80 

7.22 

1.09 
1. 13 
1. 17 

2.8s 
2  79 
a  74 

It 

2.83 

2.99 

2.9a 

3.0a 

6    X3HXX 
Me 

SI 

9.8 

17.00 

12.12 

5  74 

0.92 
0.9s 
1.00 

2.81 

3.02 
396 
2.90 

3.07 
3.01 
2.95 

3.12 
3.06 
3.00 

3.22 

3.16 
3.09 

5    X4    X5i 

7* 

24  2 

n.o 

14.22 
6.46 

X.14 
1.20 

2.29 

2.ao 

2.3B 
2.29 

2.43 
2.34 

2.48 
2.38 

2.58 
2.48 

S    X3V4XH 

22.7 
8.7 

1334 

S.I2 

0.96 
1.03 

*!5 

2.a6 

2.45 
2.35 

2. so 
239 

2.55 
2.44 

2.6s 
2.54 

S    X3    X^M* 

199 

8.2 

11.68 
4.80 

0.80 
0.8s 

2.42 
2.33 

2  S2 
2.4a 

2.57 
2.47 

2.62 

2. 52 

2.72      1 
2.61 

4HX3    X»M« 
M. 

l8.s 
7.7 

10.86 
4.50 

0.81 
0.87 

I'd 

2.25 
2. IS 

2.30 

2.20 

2.35 
2.25 

245 
2.34 

4    X3yiX»9i« 
Me 

18.  S 
77 

10.86 
4-50 

1. 01 
1.07 

1. 81 
1.73 

i;i; 

vn 

2.01 
X.91 

2. II 

2.00     1 

4    X3    X»M« 
5^ 

17.x 
S.8 

10.06 
.3.38 

0.83 
0.89 

1.88 
1.78 

\t 

2.03 
1.92 

2.08 

1.96 

2.18      < 
2.06 

3^X3    X'Me 

7* 

IS.8 
54 

9.24 
3.12 

0.8s 
0.91 

1.61 
X  52 

\i\ 

\t 

1. 81 
1.70 

1:15 

3HX2HX>Ht 

la.s 
4.9 

7  30 
2.88 

0.69 
0.74 

1.66 
1.58 

m 

1.80 
1. 71 

1.86 
X.76 

\t 

3    Xa^XM. 

y* 

95 
4.5 

It 

0.7a 
0.75 

1.37 
1.31 

1.46 
1.40 

LSI 
1.45 

1.S6 
1.50 

1.66 
1.59 

3    Xa    XH 

H 

7.7 
4.1 

4. SO 
a.38 

OSS 

0.57 

1.42 
1.38 

1.52 
1.47 

1.57 
1.52 

1.62 

X.S7 

1.72 
167 

aHXa    XW 
H 

6.8 
3.62 

4.00 
2.12 

o.s6 
O.S9 

i.iS 
1.11 

1.2s 
1.20 

1.30 
1.25 

X.35 

X.JO 

1.46 

1.40 

*  From  Pocket  Companion.  1915  Edition.  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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TtMb  XVm.    BnvartiM  of  Doobto-ClHuuMl  8«etkMM 

STAMDASD  CHANNELS  PLACED  BACK  TO  BACK 


— 1 


Tbe  radii  c£  gyration  given  correspond  to  directionf  indicated  by  the  arrow-heads 


Radii  of  gyration,  f .  in  inches 

Thick- 

Weight 

per  foot 

of  one 

channel, 

lb 

Area  of 

Detyth. 

nessof 

two 

Aiisara 

in 

web. 
in 

channels, 
sqin 

Azisx-i 

yun 

^-in 

x4n 

apart 

apart 

apart 

0.40 

33.00 

19.80 

S.62 

1.38 

1.48 

1.58 

0.4J 

35.00 

'    20.58 

558 

1.38 

1.47 

1. 57 

0.52 

40.00 

2352 

5.43 

1.37 

1.46 

1.56 

»S 

o.fa 

45.00 

26.48 

5.32 

1.37 

X.4S 

i.S6 

0.7a 

50.00 

29.42 

5.23 

1.37 

1.46 

1.S6 

0.8a 

55.00 

32.36 

5..6 

1.38 

1.47 

1.58 

o.iB 

ao/50 

Z2.06 

4.61 

1.24 

1.34 

I  44 

0.39 

35.00 

14.70 

4.43 

X.2X 

1.31 

1.41 

IJ 

o.Si 

30.00 

17.64 

4.28 

1.20 

1.30 

1.40 

o.fi4 

3500 

ao.58 

4.17 

X.2t 

X.31 

1.41 

1-76 

40.00 

23.52 

0.09 

1.23 

1.32 

1.43 

0.24 

15.00 

8.92 

3.87 

1.14 

1.24 

1.34 

0.38 

20.00 

11.76 

3.66 

1. 10 

1.20 

1. 31 

lO 

0.53 

25.00 

14.70 

352 

X.XO 

1.20 

1. 31 

0.68 

30.00 

17.64 

3.42 

1. 12 

X.22 

1.33 

0.8a 

35.00 

20.58 

3-35 

1. 16 

1.26 

1.37 

0.23 

13  25 

7.78 

3.49 

109 

1.19 

129 

1 

0.39 

15-00 

8.82 

3.40 

1.07 

1. 17 

i.a8 

1        9 

0.4S 

ao.oo 

11.76 

3.21 

i.os 

I.I5 

1.26 

i 

0.6a 

25.00 

14.70 

3.10 

1.07 

1.17 

Z.38 
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T«ble  XVm  (Contiiiiiad).    Properties  of  DoaUe-Ohaimel  Sections 

STANDARD  CHANNELS  PXACED  BACK  TO  BACK 


—4 


The  radii  of  gjrration  given  correspond  to  directions  indicated  by  the  arrow-beads 


Radii  of  gyration,  r,  in  inches 

Depth. 

Thick- 
ness of 

Weight 

per  foot 

of  one 

channel, 

lb 

Area  of 
two 

Azisa-a 

in 

web. 
in 

channels, 
sq  in 

Axisi-x 

1 

^6-in 

^Mn 

1-in 

apart 

apart 

apart 

0.32 

n.2S 

6.70 

3. II 

X.04 

1. 14 

1.25 

031 

13  7S 

8.08 

2.98 

1.04 

1. 14 

1.25 

0.40 

16.25 

9.56 

2.B9 

1.03 

1. 14 

1.24 

0.49 

I8.7S 

11.02 

2.82 

X.03 

1. 14 

1.24 

o.s8 

21. 25 

12.50 

2.71 

X.03 

1. 14 

134 

0.21 

975 

5.70 

a. 72 

0.99 

1.09 

1.20 

0.32 

12.25 

7.20 

2.59 

•  0.99 

1.09 

1.20 

0.42 

14. 75 

8.68 

2.50 

0.99 

x.xo 

1.21 

0.53 

17.25 

10.14 

2.44 

x.oo 

1. 10 

X.21 

0.63 

19  75 

11.62 

2.39 

1. 00 

1. 10 

1.22 

0.20 

8.00 

4.76 

a. 34 

0.94 

1.05 

1.15 

032 

10.50 

6.18 

2.21 

0.94 

I. OS 

X.I6 

0.44 

13  00 

7.64 

2.13 

0.9s 

1.06 

1.16 

0.56 

IS.  SO 

9.12 

a.07 

0.9s 

X.06 

1. 17 

0.19 

6.50 

3.90 

19s 

0.89 

I.OO 

...» 

0.33 

9.00 

5. 30 

1.83 

0.90 

1. 00 

I.ZI 

0.48 

n.SO 

6.76 

I  75 

0.91 

I. ox 

X.I3 

0.18 

S-^S 

3.10 

1.56 

0.84 

0.9s 

1.06 

0.2s 

6.25 

3.68 

1. 51 

0.84 

0.9s 

1.06       ' 

0.32 

7.25 

4.26 

1.46 

0.84 

0.9s 

1.06      . 

3 

0.17 

4.00 

2.38 

1. 17 

0.80 

0.91 

z.oa 

0.26 

5.00 

2.94 

X.12 

0.81 

0.9a 

1.03 

0.36 

6.00 

352 

1.08 

0.83 

0.93 

i.os 

y  Google 
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CHAPTER  XI 

tESISTANCE  TO  TENSION.    PROPERTIES  OF  IRON 
AND  STEEL 

By 
HERMAN  CLAUDE  BERRY 

FtOTESSOK  OF  MATERIALS  OF  CONSTKUCTION,  UNIVERSITY  OT  PENNSYLVANIA 

1.   Definitions,  Working  Stresses  and  Ezamiiles 

The  Ultimate  Tensile  Strength  of  a  material  is  the  amount  of  internal 
stress  which  a  section  one  square  inch  in  area  is  capable  of  exerting  against  an 
oiemal  axial  force.  It  is  the  unit  stress  or  intensity  of  stress,  expressed 
ia  pounds  per  square  inch,  which  the  material  can  withstand.  It  is  often  called 
th£  ULTIMATE  strength  or  ULTIMATE  STRESS  of  the  material.  Its  value  for 
iQv  material  depends  on  the  tenacity  of  the  fibers  or  the  cohesion  of  the  particles 
vi  which  the  niaterial  is  composed. 

An  Axial  Force  is  one  which  acts  uniformly  over  the  section  of  a  prismatic 
bcdy  so  that  the  resultant  of  the  distributed  forces  coincides  with  the  axis  of 
ihs:  body.  Hence  the  total  axial  force  which  any  cross-section  of  a  body  will 
resist  is  the  product  of  the  ultimate  strength  of  the  material  and  the  area  of 
the  cross-section,  in  square  inches. 

Safe  Working  Stress.  The  ultimate  strength  of  diflfcrent  building  materials 
has  been  found  by  pulling  apart  bars  of  known  dimensions  and  dividing  the 
maiimum  load  each  sustained  by  the  area  of  the  bar  before  testing.  This  ulti- 
mate strength,  however,  must  not  be  used  to  proportion  the  size  of  members 
of  structures,  because  of  variations  in  material,  hidden  defects  and  imperfect 
workmanship;  and,  especially,  because  of  indehniteness  as  to  the  maximum  load 
ibat  may  be  imposed  on  the  structure.  To  provide  safety  against  the  rupture 
fd  a  member  and  the  amsequent  failure  of  the  structure  from  any  of  these 
causes,  the  proportions  of  the  members  must  be  based  on  safe  working  stresses 
«hich  are  usually  some  fractional  part  of  the  ultimate  strength  found  by 
experiment  to  provide  proper  security  against  failure. 

The  Factor  of  Safety  is  the  ratio  of  the  ultimate  strength  to  this  safe 
V'lridng  stress  for  that  material.  Its  value  ranges  generally  from  2  to  10, 
iepeoifing  upon  the  nature  of  the  material  and  the  service  to  which  it  is  applied. 

Sife  Working  Stress  in  Tension.  Table  I  gives  these  values  for  various 
building  materials.  The  total  safe  load  that  may  be  applied  to  a  piece  of 
material  of  uniform  section  is  found  by  multiplying  the  cross-section  of  the  piece, 
b  square  inches,  by  the  safe  working  stress  opposite  the  name  of  the  material 
ti  which  the  piece  is  composed. 

Then  if  P  ■•  the  safe  load  in  lb, 

St "  the  allowable  safe  working  stress  in  tension, 
b  >  the  width  of  a  rectangular  bar, 
A  —  the  depth  of  a  rectangular  bar, 
d  »  the  diameter  of  a  round  bar, 
there  results,  for  a  rectangular  bar, 

P-.6*5«  (1) 

and  for  a  round  bar, 

P- 0.7854  <^5|  (a) 
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The  area  of  cross-section  to  support  a  load  P  is,  for  a  rectangular  bar, 
,      P 
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4, 


Si 


and  for  a  round  bar 


P 


0.7854  5« 
Table  I.    Safe  WorUac  Streaa  m  Tentkm  for  Bttfldiag  Materials 


(4) 


Material 


Safe  stress 

lb  per  sq  in 

(S«) 


Cast  iron  (New  York  City) 

Wrought  irao 

Steel,  medium 

Chestnut 

Hemlock  (New  York  City) 

Pine,  long-leaf  yellow 

Pine,  Douglas  fir 

Pine,  Norway 

Pine,  white. . .  ^ 

Redwood 

Spruce 


3000 

laooo 

16000 

Sso 

600 

X  300 
800 
800 
700 

TOO 
800 


Except  where  noted,  the  above  values  are  in  socordance  with  the  reoommendations  of 
the  Association  of  Railway  Superintendents. 

Example  x.    What  size  of  medium-steel  angle  should  be  used  to  sustain  a 
tensile  force  of  64  000  lb? 
Answer.    By  formula  (3), 


the  net  sectional  area  *- 


64000 
16000 


■*  4.00  sq  m 


From  the  Table  of  the  Properties  of  Angles  (Chapter  X)  we  find  that  a  4  by 
4  by  %-in  angle  has  an  area  of  4.61  sq  in,  which  is  to  be  reduced  by  a  %-in  hole 
for  a  %-in  rivet,  leaving  4.61  -  (%  X  %)  -  4-o6  sq  in,  net  area.  This  is  slightly 
in  excess  of  the  required  amount. 

The  SATE  LOAD  for  angles  commonly  used  in  roof-trusses  is  given  in  Table  X; 
and  the  reduction  in  sectional  area  caused  by  rivet-holes,  in  Table  XT, 
this  chapter,  and  in  Table  I,  Chapter  XX.  See,  also,  Chapter  XII,  page  414, 
paragraph  on  Punching  Rivet-Holes. 

Example  a.    What  size  of  white-pine  tie-beam  should  be  used  to  sustain  a 

tensile  force  of  60  000  lb? 

By  formula  (3), 

60Q00     „ 
the  net  sectional  area  •  — — —  -  85.7  sq  in 


700 


8s.7_ 


Allowance 


If  the  depth  is  taken  at  X2  in,  the  net  width  must  be  -=-^  -  7.2  in. 

X2 

must  be  made  for  the  increase  in  tension  on  the  lower  side  of  the  beam,  due  to 
its  own  weight,  and  also  for  any  cutting  that  may  be  necessary  in  making  the 
connections  or  holes  for  truss-rods.    If  there  is  a  a-in  hole  through  the  beam,  a 
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lo  by  x3-m  timber  must  be  used.  This  makes  allowance  for  the  weight  of  the 
beun  itself.  If  the  unsu!H»rted  length  of  the  beam  is  great,  the  allowance  for 
tfar  weight  must  be  made  according  to  the  methods  explained  in  Chapter  XV, 
page  57 2»  for  the  calcuJittion  of  tie-beams  subjected  to  tnmsverse  loading. 

t.  Wrought  Iron 

IfAniifnctiire.  Wrought  iron  is  a  mixture  of  pure  iron  and  slag,  about 
¥j^c  iron  and  3%  slag,  together  with  from  %  to  %%  of  other  elements  including 
cuboo,  phosphorus,  sulphur  and  manganese.  It  is  made  from  pig  iron  and 
irm  oxide,  or  mill-scale,  in  a  reverberatory  funmce  con»sting  of  a  firebox,  a 
hearth  or  working-chamber,  and  the  necessary  dampers  and  flues.  The  impur- 
ii'xs  are  removed  from  the  iron  at  different  stages  in  the  process,  silicon  and 
xanganese  during  the  melting-down  stage,  part  of  the  phosphorus  and  sulphur 
during  the  clearing-stage  and  the  carbon  and  remainder  of  the  phosphorus  and 
salpbur  during  the  boiling-stage.  The  iron  is  then  in  a  pasty  condition  ready 
ior  a  thorough  stirring  by  the  workman,  who  collects  it  into  balls  of  about  80  lb 
vdght  and  takes  it  to  a  squeezer  or  forge  where  the  greater  part  of  the  slag  is 
Rmoved.  It  is  then  rolled  out  into  muck-baks.  These  bars  are  cut  into  pieces 
viikh  are  piled  into  bundles  suited  to  the  size  of  the  finished  bar.  The  piles 
sre  heated  and  rolled  again.  The  rolling  reduces  the  amount  of  slag  and  makes 
ne  material  denser.  The  process  of  rerolling  nuiy  be  repeated  a  number  of 
times  to  produce  double  or  triple-refined  meschant-bar  ikon.  ' 

The  App«nrance  of  Wrought  Iron  is  very  mudi  like  that  of  steel.  It  may 
be  distinguished  from  steel  by  nicking  one  side  of  the  bar  and  bending  it  away 
from  the  nick.  Iron  will  split  along  the  slag-laminations  and  show  the  coarsely 
riBums  nature  of  the  material;  while  steel  will  bend  or  rupture  at  the  nick 
without  splitting,  any  fracture  being  finely  fibrous  or  crystalunb.  When 
ruptured  in  a  tension-test  wrought  iron  shows  a  dark  fibrous  fracture.  If  the 
^edmen  is  grooved  before  testing  or  broken  in  impact  the  fracture  will  be 
coarsely  crystalline. 

Welds.  Wrought  iron  is  more  easily  welded  than  steel  because  the  work 
may  be  accomplished  through  a  wider  range  of  temperature  than  with  steel. 
A  weld  may  develop  the  full  strength  of  the  bar,  but  tests  on  hand-forged  wolds 
on  rough  tie-bars  reported  by  Kirkaldy  gave  average  values  of  about  60%  of 
tbf  strength  of  the  bar. 

Use.  Wrought  iron  is  no  k>nger  used  for  the  manufacture  of  structural 
shapes,  such  as  angles,  channels  and  beams,  its  use  for  structural  work  being 
pocdcally  limited  to  bars»  rods  and  bolts.  It  can  be  worked  more  easily  than 
sted  in  threading-machines;  and  on  this  account,  unless  steel  is  specified,  some 
oompanies  will  furnish  truss-rods,  bolts,  etc.,  in  wrought  iron. 

Specxflcntions*  for  Wrought  Iron.  Wrought  iron  may  be  purchased  under 
tlie  Specifications  of , the  American  Society  for  Testing  Materiab.  The  more 
important  paragraphs  t  for  the  grades  of  merchant  iron  are: 

Process  of  Manufacture,  i.  Wrought  iron  shall  be  made  by  the  puddling 
or  the  charcoal-hearth  process  or  rolled  from  fagots  or  piles  made  from  wrought- 
iroa  scrap,  akne  or  with  muck-bar  added. 

Physical  Properties.  Tension-Test.  2,  The  minimum  physical  quaKtiea 
cequiicd  in  the  four  classes  of  wrought  iron  shall  be  as  follows: 

*  For  amendments  the  Year  Books  of  this  society  should  be  ooosuhed. 
t  Some  of  the  numberad  paragraphs  are  purposely  omitted. 
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Propefties  ooosulered 

SUv-bolt 
iron 

Merchant  iron 

Grade  A 

^  Grade  B 

Grade  C 

Tensile  strength,  lb  per  sq  in.. . 

Yield-point,  lb  per  sq  in 

Elongation,  percenUge  in  8  in.. . 

46000 

25000 

28 

500C0 
25000 

25 

48000 

25000 

20 

48000 
25000        1 
20 

r 

4.  Nicking-Test.  When  the  specimen  is  slightly  and  evenly  nicked  on  one 
side  and  bent  back  through  an  angle  of  iSo°  it  shall  show  the  following  fractures: 

(b)  Merchant  iron,  Grade  A,  a  long,  clean,  silky  fiber,  free  from  slag  or  dirt 
or  any  coarse  crystalline  spots.  A  few  fine  crystalline  spots  may  be  tolerated, 
provided  they  do  not  in  the  aggregate  exceed  10%  of  the  sectional  area  of  the 
bar. 

(c)  Merchant  iron,  Grade  B,  a  generally  fibrous  fracture,  free  from  coarse 
crystalline  spots.    Not  over  10%  of  the  fractured  surface  shall  be  granular. 

(d)  Merchant  iron,  Grade  C.  a  generally  fibrous  fracture,  free  from  coarse 
crystalline  spots.    Not  over  15%  of  the  fractured  surface  shall  be  granular. 

5.  Cold  Bendinc-Test.  A  specimen  cut  from  the  bar  as  rolled  shall  be 
bent  through  an  angle  of  iSo**  by  pressure  or  by  a  succession  of  light  blows. 
The  classes  of  Merchant  iron  shall  conform  to  the  following  bending-tests: 

(f)  Merchant  iron,  Grade  A,  shall  bend,  oold,  x8o*  flat  on  itself,  without 
fracture  on  the  outside  of  the  bent  portion. 

(g)  Merchant  iron.  Grade  B,  shall  bend,  cold,  ido"*  around  a  diameter  equal 
to  the  thickness  of  the  specimen  tested,  without  fracture  on  the  outside  of  the 
bent  portion. 

(h)  Merchant  iron,  Grade  C,  shall  bend,  cold,  around  a  diameter  equal  to 
twice  the  thickness  of  the  specimen  tested,  without  fracture  on  the  outside  oi 
the  bent  portion. 

6.  Hot  Bending-Test.  Specimens  cut  from  the  bar  as  rolled,  heated  to  a 
bright-red  heat,  shall  be  bent  through  an  angle  of  180*  by  pressure  or  by  a  suc- 
cession of  light  blows,  without  hammering  directly  on  the  bend.  The  classes 
of  Merchant  iron  shall  conform  to  the  following  hot<bending  tests: 

(j)  Merchant  iron.  Grade  A,  shall  bend  flat  on  itself,  without  showing  cracks 
or  (laws.  A  similar  specimen  heated  to  a  yellow  heat  and  suddenly  quenched 
in  water  the  temperature  of  which  is  between  80**  and  90'  F.,  shall  bend,  with- 
out hammering  on  the  bend,  180°  flat  on  itself,  without  showing  cracks  or  flaws. 
A  similar  specimen  heated  to  a  bright-red  heat,  shall  be  split  at  the  end  and  each 
part  bent  back  through  an  angle  of  180".  It  shall  also  be  quenched  and  ex- 
panded by  drifts  until  a  round  hole  is  formed  whose  diameter  is  not  less  than 
nine-tenths  the  diameter  of  the  rod  or  width  of  the  bar.  Any  extctision  of  the 
original  split  or  indication  of  fracture,  cracks,  or  flaws  developed  by  the  above 
tests  will  be  sufficient  cause  for. the  rejection  of  the  lot  re^scnted  by  that  rod 
or  bar. 

(k)  Merchant  iron,  Grade  B,  shall  bend  through  180*  flat  on  itself,  without 
showing  cracks  or  flaws. 

(I)  Merchant  iron,  Grade  C,  shall  bend  sharply  to  a  right  angle,  without 
showing  cracks  or  flaws.  ' 

Teat-PiecM  and  Methods  of  Testing.  8.  Tensile  Specimens.  Whenever 
possible  iron  shall  be  tested  in  full-size  as  rolled,  to  determine  the  physical 
qualities  specified  in  paragraph  No.  2,  the  elongation  being  measured  on  an 
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S-ia  gauged  length.  In  flats  and  shapes  too  large  to  test  as  rolled*  the  sUndard 
specimen  shall  be  iVi  in  wide  and  8  in,  gauged  length. 

I  a.  The  yibld-point  specified  in  paxagraph  No.  a  shall  be  detennined  by 
t^  careful  observation  of  the  drop  of  the  beam  of  the  testing-machine. 

Kaiah.  13.  All  wrought  Iron  must  be  practically  straight,  smooth,  free  from 
dndcr-spots  or  injurious  flaws,  buckles,  blisters,  or  cracks.  In  round  iron,  sizes 
jic^  conform  to  the  Standard  Limit  gauge  as  adopted  by  the  Master  Car 
Bdkien'  Association  in  November,  1883. 

I.  Cast  Inm 

Cast  Iroii  has  been  defined  as  a  saturated  solution  of  carbon  in  iron,  the 
rarbon-content  varying  from  1%  to  4%  according  to  the  other  impurities  oon- 
*  lined.  It  is  hard,  brittle,  non-malleable  and  very  fluid  when  melted,  so  that 
:c  is  weQ  adapted  for  casting  into  complex  forms. 

Hanufiacture.  It  b  produced  in  the  blast-furnace,  which  is  essentially  a 
t'osed  refractory-lined  stack,  with  a  valve-charging  de\'ice  at  the  top,  tuyeres 
•^  ofienings  in  the  lower  part  for  the  introduction  of  the  air-bhist,  and  a  hearth 
it  the  bottom  with  a  tap>hoIe  for  the  periodic  withdrawal  of  the  iron  and  slag. 
The  FtTKNACK-noN  is  cast  into  pigs  about  3  ft  long  and  weighing  about  xoo  lb 
eoch.^  FoUTODRY-CASTiNcs  are  made  from  pig  iron  and  scrap  melted  in  a  cupola 
^d  poured  into  green-sand  molds.  The  charge  is  made  up  ofi» different  quanti- 
ties ol  the  di£ferent  grades  of  pig  so  as  to  control  the  physical  properties  of  the 
ostJngB,  principally  through  control  of  the  silicon-content. 

Appearance.  Castings  have  a  gray  or  white  fracture  according  to  the  condi- 
tion of  the  contained  carbon,  the  gray  fracture  indicating  graphitic  or  separated 
c^bon  and  the  white  the  combined  carbon.  Gray  iron  is  softer  and  tougher 
u-.d  b  specified  for  ordinary  castings. 

Strength.  Cast  iron  does  not  have  a  definite  elastic  limit.  A  relatively 
fiKiJl  stress  will  produce  some  permanent  deformation.  Its  ultimate  tensile 
5T1ENGTH  varies  from  15  000  to  20  000  lb  per  sq  in;  and  in  some  iron  is  as  high 
15  }o  000  lb  per  sq  m.  Its  compressive  strength  varies  over  a  wide  range, 
ho  000  lb  per  sq  in  being  a  fair  average  value. 

Defects.  Castings  are  liable  to  several  common  depects  the  chief  of  which 
are  blow-holes  due  to  the  formation  of  steam  from  the  damp  molds,  sand-holes 
(i\x  to  misplaced  sand,  rough  surfaces,  cold  shuts  due  to  chilling  of  the  iron 
LT.  J  failure  to  fill  the  parts  of  the  mold,  shrinkage-cracks  due  to  uneven  cooling 
ot  the  castings  in  parts  of  different  thickness.  In  cored  castings,  also,  the  walls 
are  frequently  of  variable  thickness  because  of  the  shifting  of  the  cores.  This  is 
cspeciaUy  frequent  in  case  of  hollow  columns  cast  in  a  horizontal  position. 
Because  of  these  defects  and  on  account  of  the  low  ultimate  strength,  cast 
iniQ  should  never  be  used  where  it  is  subjected  to  any  great  tensile  stress. 

Specifications*  for  Catt  Iron.  The  specifications  of  the  American  Society 
for  Testing  Materials,  for  gray-iron  castings,  include  the  following  paragraphs: 

1.  Unless  FFRNACE-IRON  is  specified,  all  gray  castings  are  understood  to  be 
made  by  the  ctJPOLA-PROCESS. 

2.  The  SULPHUR-CONTENTS  are  to  be*. 

For  light  castings,  not  over  0.08  per  cent. 
For  medium  castings,  not  over  o.io  per  cent. 
For  heavy  castings,  not  over  o.ia  per  cent. 

3.  In  dividing  castings  into  ugut,  medium  and  heavy  classes,  the  following 
staadaids  have  been  adopted: 

*  For  ameadmeots  the  Year  Books  of  this  society  shoukl  be  consulted. 
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Castings  having  any  section  less  than  H  in  thick  shall  be  known  as  ligh*^ 

CASTINGS. 

Castings  in  whidi  no  section  is  less  than  2  inches  thick  shall  be  known  a^ 

HEAVY  CASTINGS.  | 

Medium  castings  are  those  not  included  in  the  above  classification.  j 

4.  Transverse  Test.  The  minimum  breaking  strength  of  the  arbi^ 
TRATiON-BAR  under  transverse  load  shall  be: 

For  light  castings,  not  under  2  500  lb. 

For  medium  castings,  not  under  2  900  lb. 

For  heavy  castings,  not  under  3  300  lb. 
In  no  case  shall  the  deflection  be  under  o.xo  in. 
Tension-Test.    Where  specified  this  shall  be: 

For  light  castings,  not  less  than  18  000  lb  per  sq  in. 

For  medium  castings,  not  less  than  21  000  lb  per  sq  in. 

For  heavy  castings,  not  less  than  24  000  lb  per  sq  in. 

The  specifications  give  explicit  directions  for  casting  the  asbrration-bar, 
which  is  xVi  in  in  diameter  and  15  in  long.  Two  of  these  are  cast  for  each 
twenty  tons  of  castings.  One  of  each  pair  must  fulfill  the  requirements  to  pcr> 
mit  acceptance  of  the  castings.  The  bar  is  loaded  at  the  middle  at  a  rate  that 
will  cause  a  o.io-in  deflection  in  from  twenty  to  forty  seconds.  The  tepsion*! 
test  is  not  recommended. 

II.  Castings  shall  be  true  to  pattern,  free  from  cracks,  flaws  and  excessive 
shrinkage.  In  other  respects  they  shall  conform  to  whatever  points  shall  be 
specially  agreed  upon.  j 

4.   Steel  I 

Steel  is  a  mixture  of  compounds  of  iron  and  carbon  with  small  quantities  of 
other  elements,  including  manganese,  phosphorus,  sulphur,  silicon,  etc.  The 
carbon -content  controls  the  hardness  and  strength  of  the  steel.  Less  than 
0.10%  of  carbon  is  present  in  the  soft  steels,  which  have  most  of  the  charac- 
teristics of  wrought  iron;  while  steel  with  more  than  o.4oS{)  carbon  is  capable | 
of  being  tempered,  cannot  be  welded  and  is  very  much  stronger.  Manganese; 
acts  as  a  cleanser  during  the  process  of  manufacture,  and  increases  the  forge* 
ab'lity  of  the  steel.  Phosphorus  and  sulphur  are  harmful  in  their  effects,  phos- 
phorus making  steel  brittle  under  sudden  loading  and  sulphur  making  it  hot>shurt 
or  brittle  when  heated. 

Manufacture.  Structural  steel  is  manufactured  by  the  Bessemer  and 
the  open-hearth  processes.  In  the  first,  molten  cast  iron  is  charged  into  a 
Bessemer  converter,  an  air-blast  is  driven  through  the  charge  from  perforations 
in  the  false  bottom  of  the  converter  and  the  silicon,  sulphur  and  carbon  burned 
out.  Carbon  in  the  form  of  ferro-manganese  is  then  added  to  deoxidize  the 
charge  and  give  the  proper  content  of  carbon  in  the  finished  steel,  which  is 
quickly  drawn  off  and  poured  into  ingots.  Phosphorus  is  not  removed  ordi- 
narily by  the  Bessemer  process;  but  if  the  lining  of  the  converter  is  made  of  j 
basic  material,  such  as  dolomite  limestone,  and  if  lime  is  added  with  the  charge, 
the  phosphorus  will  unite  with  it  and  be  poured  off  with  the  slag. 

The  Open-Hearth  Process.  In  this  process  scrap-steel,  pig-iron  or  molten 
furnace-iron  and  limestone  flux  are  charged  on  the  hearth  of  a  Siemens  furnace, 
a  reducing  gas-flame  is  directed  onto  the  charge  and  the  carbon  and  other 
impurities  are  gradually  removed.  When  the  reduction  is  about  completed  sam- 
ples are  taken  and  carbon  determined  so  that  the  charge  may  be  withdrawn  at 
the  proper  time.    The  process  thus  permits  of  much  more  accurate  control  oi 
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the  pcodttct.  The  material  is  more  uniform  and  consequently  more  dependable 
ic  service  than  Besseicer  steel.  Open-hearth  steel  is  used  for  most  struc- 
L-ral  work. 

Pfiosphoms  may  be  removed  by  the  basic  process  as  in  case  of  Bessemer 
.<cd.  Ores  nmning  low  in  phosphorus  are  generally  used  in  America  so  that 
\x  basic  process  is  little  employed  here. 

The  Effect  of  Carbon  and  Phosphorus  on  the  static  strength  of  steel 
:  r  the  limits  of  carbon  included  in  structural  steel  is  an  increase  in  strength  of 
4 'Out  I  coo  lb  per  sq  in  for  each  o.oi%  increase  in  either  element.  Cunning- 
'im's  formula 

5«  -  40  ooo  +  loo  ooo  (C  +  P) 

c^-es  the  approximate  relation  between  the  strength  and  the  chemical  composi- 
tin.  C  and  P  are  respectively  the  amounts  of  carbon  and  phosphorus  ex- 
tfsssed  in  percentage.  For  example,  the  ultimate  strength  of  a  steel  having 
0.155c  carbon  and  0.07%  phosphorus  is,  approximately, 

St  ^  40 000+  100 000  (0.15  +  0.07)  »  62  000  lb  per  sq  in 

The  Percentage  of  Elongation  decreases  as  the  carbon-content  and  ulti- 
JUTE,  STRENGTH  increase.    An  approximate  relation  being 

X  400  000 

percentage  of  elongation  «  — 

St 

Snce  the  total  elongation  of  a  ruptured  specimen  is  due  to  the  local  stretch- 
j^  at  the  point  of  rupture  and  the  uniform  elongation  over  the  whole  gauge- 
mgth,  it  is  necessary  to  report  the  gauge-length  when  reporting  this  result. 
ikxx  the  iXKAL  elongation  is  the  same  for  a  2  or  an  S-in  length,  the  percent- 
age OF  ELONGATION  for  the  same  material,  tested  on  a  2-m  gauge-length,  is  greater 
than  if  measured  on  an  S-in  length. 

The  Elastic  Behavior  of  a  specimen  of  steel  loaded  to  rupture  is  best  shown 
hy  a  STRESS-STRAIN  DIAGRAM  on  which  the  stresses  are  plotted  as  vertical  ordi- 
z'iies  and  the  elongations  or  strains  as  abscissas,  as  in  Fig.  1.  Five  significant 
nsaks  are  shown: 

'i)  The  Modulus  of  Elasticity  (£).  The  relation  between  the  stress  and  the 
sraxn  or  elongation  is  called  the  modulus  of  elasticity.  It  is  equal  to  the 
;jKt  stress  divided  by  the  unit  strain  or  deformation  and  is  represented  graph- 
icUIy  by  the  tangent  of  the  angle  of  the  initial  line  with  the  horizontal.  Its 
'•-ahje  for  steel  for  tension  b  about  30  000  000  lb  per  sq  in. 

2)  The  Elastic  Limit  (£.L.)  is  that  unit  stress  beyond  which  the  ratio  of 
>tre^  to  strain  ceases  to  be  constant,  or  beyond  which  the  curve  ceases  to  be  a 
^tnighl  line. 

•  5)  The  Yield-Point  {VJ'.)t  slightly  above  or  beyond  the  elastic  limit, 
is  that  unit  stress  at  which  the  specimen  begins  to  stretch  without  increase  in 
the  load.  This  stress  may  be  determined  from  a  test  without  the  use  of  delf- 
QUe  measuring-apparatus  by  the  drop  of  rsE  beam  or  halt  in  the  gauge 
of  the  testing-machine. 

(0  The  Ultimate  Strength  {U.S.)  is  the  greatest  unit  stress  the  specimen 
on  sustain.  . 

(5)  The  RoiPtufe-Stress  {R)  is  the  unit  stress  at  the  time  of  failure.  This  is 
the  unit  stress  at  the  point  of  failure  after  the  area  of  the  cross-section  of  the 
kpedmeo  has  been  reduced;  and  because  of  the  rapid  dropping  off  of  the  load 
a  n  difficult  CO  determine,    it  is  not  regularly  ol^erved  in  testing,  attention 
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being  called  to  it  merely  to  emphasize  the  fact  that  the  ultimate  strength  c 
steel  is  not  the  stress  at  the  time  of  failure  of  the  specimen.  This  is  true,  al8< 
for  wrought  iron  and  ductile  materials  in  general. 
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Fig,  1.    Streas<stcaio  Diagram  of  Test  ob  Steel  Specimem. 
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Effect  of  Punching  and  Shearing.  Structural  steel  is  hardened  by  ^ 
action  of  the  punch  and  shear  in  the  process  of  manufacture  in  the  shop.  \ 
the  die-side  the  metal  is  forced  to  (low  from  the  tool  and  this  cold  worW^ 
hardens  and  injures  it  as  may  l)c  shown  by  a  cold-bend  test.  The  effect  n^ 
be  removed  by  annealing;  but  in  the  best  work  it  is  usually  specifics!  t^ 
rivet-holes  shall  be  reamed  during  the  assembling  of  the  parts.  This  remoj 
the  injured  metal  and  brings  the  parts  into  better  alinemcnt  for  the  insert! 
of  the  rivets.  The  injury  from  shearing  may  be  removed  by  milling  the  shca^ 
edges. 

The  Coefficient  of  Expansion  of  steel  is  o.ooo  oo6  5  per  degree  Fahrcnh< 
The  ELONGATION  in  a  length  /,  due  to  a  change  in  temperature  of  I  degree^ 
then 

t  a  0.000  006  5  // 

in  which  /  is  expressed  in  inches  and  /  in  degrees  Fahrenheit. 

The  Weight  of  Steel  is  Uken  at  489.6  lb  per  cu  ft.  The  sectional  arc  J 
a  member  in  square  inches  multiplied  by  3.4  equals  the  weight  in  pounds  { 
linear  foot. 

The  Working  Stress  for  structural  steel  in  tension  in  buildings  and  bridfccj 
16  000  ib  per  sq  in  in  most  specifications  and  building  laws.  For  members  «{ 
ject  to  consUnt  load  some  designers  use  a  working  sntESS  of  io  000  ib  per  sqj 
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S.  Standard  Specifications*  for  Structural  Steel  for  Buildings 

SpeciflcatlonB.  Structural  steel  may  bepu  rchased  under  the  speciGcations 
a(  the  Association  of  American  Steel  Manufacturers  or  of  the  American  Society 
Lf  Testing  Materiab.    Extracts  from  these  specifications  follow: 

Xaanfactare.  (i)  Structural  steel  may  be  made  by  either  the  open-hearth 
cr  Bessemer  process. 

Rivet-steel  and  plate  or  angle-material  over  %  in  thick,  which  is  to  be  punched, 
<*ia11  be  made  by  the  open-hearth  process. 

r'*^irr^^^  and  Fbysical  Properties,     (a)  Th^  shall  conform  to  these  limits: 

f  


Properties  ooDsidered 

Structural  steel 

Rivet  steel, 
open  hearth 

1  Ptinitnhrvim  maximum.  Bc^^ttem^ 

o.  10  per  cent 
o.o6  per  cent 

o.o6  per  cent 

O.Q45  per  cent 

46  000-56  000 

V2  ult.  tens.  str. 

1400000 

Ult.  tens.  str. 

1    x«o-flat 

1  ^iinhtir    msxirnum . 

Uhimate  teasilc  strength,  lb  per  sq  in 

Ytdld-potnt 

55  0QO-<^5ooo 

Va  ult.  tens.  str. 

X  400  000* 

Ult.  tens.  str. 

j  i8o°  to  diameter 

f     of  I  thickness 

Eloegatioo.  min  perceat  in  8  in  (Pig.  2) 

1 
I'JciA  haul  without  fracture 

^T0«*  RADIUS 

PARAUELSECTTON 


*  See  Pctctntagc  of  £loogatk>a,  page  384. 

For  the  purposes  of  these  specifications,  the  yield-point  shall  be  determined  by 
the  careful  obser>'ation  of  the  drop  of  the  beam  of  the  testing-machine. 

fhrmtrfi^  DctenBinatietts.  (3)  In  order  to  determine  if  the  material  conforms 
to  the  chemical  limitations  prescribed  in  paragraph  (2)  herein,  analysts  shall  be 
made  by  the  manufacturer  from  a  test-ingot  taken  at  the  time  ol  the  pouring 
oi  each  melt  or  blow 
ot  sieel.  and  a  correct 
oypy  of  such  analysis 
^rjifl  be  furnished  to 
the  engineer  or  hb  in- 
spector. 

Fonn  of  Specimens. 
4)  Specimens  for  ten- 
sion-tests and  bending- 
te^ts  shall  be  made  by 
cutting  from  the  finished  product  coupons,  which  shall  have  both  faces  rolled 
and  both  edges  milled  to  the  form  shown  in  Fig.  2;  or  both  edges  parallel; 
or  they  mspr  be  turned  to  a  diameter  of  %  in  for  a  length  of  at  least  9  in  and  have 
enlarged  ends.  « 

U)  For  material  mofc  than  %  in  thick  the  bending-test  specimen  may  be 
I  in  by  H  iu  Iq  section. 

(b)  Rivet-rounds  and  small  rolled  bars  shall  be  tested  as  rolled. 

*  Rnriaioaftoi  focm  or  sabstaiioe  of  matter  of  loine  pongnphs,  as  is),  (4).  (5>.  (7) 
sad  Ui).  have  been  proposed  or  adopted  (1914-15).  For  amcndmefits  see  Year  Books 
of  the  Am.  Soc.  for  Test.  Mats. 


PIEC£  TO  OE  THE  SAME  THICKMESS  AS  THE  PLATE 

Fig.  2.    Form  of  Specimen  for  Steel-test 
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Annealed  Specimens.  (5)  Material  which  is  to  be  used  without  annealing 
or  turther  treatment  shall  be  tested  in  the  condition  in  which  it  comes  from  the 
rolls.  When  material  is  to  be  annealed  or  otherwise  treated  before  use,  the 
specimens  for  tension-tests,  representing  such  material,  shall  be  cut  from  properly 
annealed  or  similarly  treated  short  lengths  of  the  full  section  of  the  bar. 

Niimt>er  of  Testi.  (6)  At  least  one  tension-test  and  one  bending-test  shall  l>e 
made  from  each  melt  or  blow  of  steel  as  rolled.  In  case  steel  differing  %  in 
and  more  in  thickness  is  rolled  from  one  melt  or  blow,  a  test  shall  be  made  from 
the  thickest  and  thinnest  material  rolled.  Should  either  of  these  test-spedmens 
develop  flaws,  or  should  the  tension-test  specimen  break  outside  of  the  middle 
third  of  its  gauged  length,  it  qiay  be  discarded  and  another  test-spedmcn 
substituted  therefor.  In  cafe  a  tension-test  specimen  does  not  meet  the  specifica- 
tion, additional  tests  may  be  made. 

(c)  The  bending-test  may  be  made  by  pressure  or  by  blows. 

Modifications  in  Elongation  for  Thin  and  Thick  Material.  (7)  For  material 
less  than  <he  in  and  more  than  %  in  in  thickness,  the  following  modifications 
shall  be  made  in  the  requirements  for  elongation: 

(d)  For  each  increase  of  V6  in  in  thickness  above  %  in,  a  deduction  of  i  shall 
be  made  from  the  specified  percentage  of  elongation. 

(e)  For  each  decrease  of  Vie  in  in  thickness  below  %«  in,  a  deduction  of  2V4 
shall  be  made  from  the  specified  percentage  of  ebngation. 

(f)  For  pins,  the  required  percentage  of  elongation  shall  be  5  less  than  that 
specified  in  the  tabulation  of  paragraph  (2),  as  determined  on  a  test-spedmen, 
the  center  of  which  shall  be  i  in  from  the  surface. 

Finish.  (8)  Finished  material  must  be  free  from  injurious  seams,  flaws,  or 
cracks,  and  have  a  workmanlike  finish. 

Branding.  (9)  Test-spedmens  and  every  finished  piece  of  steel  shall  be 
stamped  with  melt  or  blow-number,  except  that  small  pieces  may  be  shipped 
in  bundles  securely  wired  together,  with  the  mdt  or  blow>numb<»-  on  a  metal 
tag  attached. 

Variation  in  Weight.  (10)  A  variation  in  cross-section  or  weight  of  each 
piece  of  steel,  of  more  than  2V^%  from  that  spedfied,  will  be  suflicient  cause  for 
rejection,  except  in  case  of  sheared  plates.  These  latter  are  covered  by  the 
following  permissible  variations,  which  are  to  apply  to  single  plates: 

(A)  Plates,  When  Ordered  to  Weight 

Plates  12^  Pounds  per  Square  Foot  or  Heavier: 

(g)   Up  to  100  in  wide,  2Vi%  above  or  below  the  spedfied  weight. 

(h)    100  in  wide  and  over,  5%  above  or  below. 
Plates  Under  ia%  Pounds  per  Square  Foot: 

(i)   Up  to  75  in  wide,  2%%  above  or  below. 

75  inches  and  up  to  100  inches  wide,  5%  above  or  3%  bdow. 

0)   xoo  in  wide  and  over,  10%  above  or  3%  below. 

(B)  Plates,  When  Ordered  to  Gauge 

Plates  will  be  accepted  if  they  measure  not  more  than  0.01  in  below  the 
ordered  thickness. 

An  excess  over  the  nominal  wdght  corresponding  to  the  dimensions  on  the 
order  will  be  allowed  for  each  plate,  if  not  more  than  that  ^own  in  the  folbwing 
tables,  X  cu  in  of  rolled  steel  being  assumed  to  weigh  0.2833^. 

le 
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Plaies  M  Inch  and  Over  in  Thickness 


Tfaicksess 

Notmoal 

weights, 

lb  per  sq  ft 

Width  of  plate 

ordered, 
ia 

i 

Up  to  75  in 
% 

75  in  and 
up  to  100  in 

100  in  and 

up  to  IIS  in 

% 

Over  IIS  in 
% 

1 

1            % 
>            % 

I0.20 

ia.7S 
IS. 30 
17.85 
ao.40 

22.9S 

as.so 

10 

8 

7 

6 

5 

4^ 

4 

3V4 

14 
la 

10 

8 
7 

6 

i8 
i6 
13 

10 

9 

8M, 

8 

6V4 

17 
13 
la 
II 

10 

9 

Plates  Under  U  Inch  in  Thickness 


Thickness  ordered, 
in 

Nominal  weights, 
lb  per  sq  ft 

— 

Width  of  plate 

Up  to  SO  in 

% 

50  in  and  up 
to  70  in 

% 

Over  70  in 
% 

^nptoHa 
%«  up  to  M« 

%•  up  to  y* 

S-ioto   6.37 
6.37  to   7.65 
7.6s  to  10. ao 

10 
7 

Ik 

10 

20 
17 

Inspecdoa.  (11)  The  inspector  representing  the  purchaser  shall  have  all 
rcisunabk  facilities  afforded  to  him  by  the  manufacturer  to  satisfy  him  that  the 
oni^ied  material  is  furnished  in  accordance  with  these  specifications.  All  tests 
and  inspections  shall  be  made  at  the  place  of  manufacture,  prior  to  shipment. 

Additioiial  PUBcnplu*  The  general  specifications  for  a  building  of  ^ordinary 
C'lQstniction  should  include  in  addition  to  the  above,  governing  the  quality  and 
ttsis  on  the  material,  paragraphs  giving  specifications  for: 

f  1)  The  exact  scope  of  tRe  work  embodied  in  the  contract. 

( 2)  Provision  for  the  inspection  of  material  and  workmanship,  stating  specifi- 
cally who  is  to  bear  the  expense  of  the  inspection. 

(3)  Special  tests;  for  example,  tests  of  full-size  eye-bars. 

(4)  Size,  limiting  pitch  and.  allowable  stress  for  shop-rivets  and  field-rivets. 
Cs)  Cleaning  of  surfaces  and  shop-painting. 

C  Tenaon-Members 

Allies.  The  best  section  for  tension-membeis  of  relatively  small  size  depends 
greatly  on  the  kind  of  end-connections  used.  Angles  or  channels  are  generally 
ased  for  riveted  connections.  For  very  small  members  rectangular  bars,  such  as 
'ladxig-bars,  may  be  used.  The  strength  of  such  members  is  computed  on  the  net 
area  through  the  rivet-holes.  Angles  used  in  tension  should  have  lugs  riveted 
to  the  outstanding  legs  and  the  tie-plate  for  the  better  distribution  of  the  stress 
over  the  section.  Tests  on  angles  with  riveted  connections  reported  by  F. 
P.  McKxbben*  gave  from  77  to  86%  of  the  strength  of  the  material  as  shown  by 

*  Proceedings  of  the  American  Society  for  Testing  Matcriab,  Vol.  VI. 
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tension-tests  on  standard  specimens  cut  from  these  angles.  Lugs  increased  the 
•trcngth  from  4.7  to  8.7%.  It  was  also  shown  that  a  connection  giving  the 
center  of  the  pull  on  the  center  of  gravity  of  the  section  gave  considerably  l%her 
strengths  than  when  the  center  of  pull  was  in  Une  with  the  gauge-line  of  the 
rivets.  In  computing  the  net  sectional  area  as  reduced  by  rivet  and  bolt- 
holes  Table  XI  will  be  found  very  convenient. 

Eye-Bars  are  used  for  the  main  tension-members  of  pin-connected  trusses. 
They  are  rectangular  in  section  with  a  forged  head  upset  in  dies  and  of  the  same 
thickness  as  the  bar.  The  eye  is  accurately  drilled  in  position  in  the  axis  of  the 
bar,  true  to  diameter  and  exact  central  distance.  Because  of  its  advantages 
for  forging,  soft  steel  is  used  in  making  eye-bars.  They  are  also  carefully  an- 
nealed before  drilling.  Table  VI  gives  the  dimensions  of  standard  eye-bars 
manufactured  by  the  mills  of  the  American  Bridge  Company.  These  bars 
are  of  practically  the  same  dimensions  as  the  standard  bars  of  other  com- 
panies. There  is  from  34  to  42%  excess  material  in  the  section  through  the  eye 
to  insure  in  the  forged  part  the  development  of  the  full  strength  of  the  body  of 
the  bar.  Standard  bars  should  be  used  in  design  to  avoid  the  expense  of  making 
special  dies  in  which  to  form  the  heads.  Bars  of  less  than  the  given  minimum 
thickness  are  liable  to  fail,  when  loaded,  by  buckling  in  the  head.  Thick  bars 
increase- the  bending-stresses  in  the  pins  and  thus,  indirectly,  the  necessary 
size  of  the  eye.  Except  for  very  large  structures  they  are  limited  to  about 
3  in. 

Tests  of  PuU-Size  Eye-Bars  are  generally  required  when  a  great  number  of 
them  are  to  be  used  in  a  structure,  one  in  every  fifty  bars  being  usually  tested. 
The  specifications  for  carbon-steel  bars  require  that  an  [ultimate  tensile 
strength  of  56  000  lb  per  sq  in  shall  be  developed,  that  the  elongation  in  the 
whole  length  shall  be  10%  and  that  failure  shall  occur  in  the  body  of  the  bar. 
Nickel  steel  has  been  used  for  tcnsion-meml>ers  on  a  few  long-span  bridges.  The 
WORKING  STRESS  on  the  eye-bars  was  increased  about  one-half  over  that  used  for 


O  _ll3o  oeiu  O 


Fig.  3.     Eye-bar  with  Screw-ends  for  Sleeve-nut  or  Turn^bucklc 

carbon  steel,  and  the  requirements  of  the  test -bars  made  correspondingly  severe. 
The  eye  is  made  ^o  in  greater  than  the  diameter  of  the  pin.  Bars  packed  on 
the  same  pins  are  drilled  at  the  same  setting  so  as  to  be  of  exactly  the  same 
length.  Bars  must  be  true  to  length  within  ^9  in.  Small  eye-bars  are  some- 
times made  with  ipset  screw-ends  and  sleeve-nuts  or  TURNBrcKLES  in  the 
middle  for  adjustment,  as  shown  in  Fig.  3  and  Table  VI,  page  395. 

i[^;=^  c=^«m^  ^=^^^i 

Fig.  4.    Loop-eyes  and  Slecvc-nuts 

Loop-Rods  (Fig.  4,  and  Table  VU)  of  round  or  square  section  with  welded 
loop-ends  arc  used  for  wunterties  and  bracing.  Because  of  the  weld  they 
are  not  so  dependable  as  other  types  of  tension-members,  but,  because  of  the 
adjustment,  arc  well  adapter]  for  this  service  as  secondary  members. 
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A  Forked-Itoop  Rod*  Fig.  5,  may  be  used  for  one  of  two  tepsion-rods  so  as 
to  avoid  eccentricity  where  two  rods  balance  each  other  on  a  pin.  A  clevis 
jI  each  end  of  one  of  the  rods 
3xcomp1ishes  the  same  object. 

Ttimbackles  and  Sleeve-Huts. 
The  dimensions  of  these  for  adjust- 
ing the  lengths  and  initial  stress  in 
tics  arc  given  in  Table  VIII,  page 
597.  The  open  tumbuckle  has  the 
advantage  of  being  easily  inspected 
to  note  that  the  thread  has  sufficient 

bearing  and  that  the  ends  of  the  _.    ^     _   .    ,  _ 

rods  do  not  butt  together.  ^«- *•    FoA«iLooP 

Upflet  ScrewoEnds  are  threaded  enlargements  on  the  ends  of  rods  or  bolts 
designed  to  give  to  the  threaded  portions  a  strength  as  great  as  that  of  the  body 
of  the  bar.  Because  of  effects  of  forging  it  is  necessary  to  make  the  area  of  the 
cross-section  of  the  upset  end  at  the  root  of  the  thread  a  little  larger  than  that 
of  the  rod  itself.  A  standard  upset  rod  wiU  fail  in  the  body  of  the  bar  with- 
cat  damaging  the  threaded  portbn  enough  to  prevent  the  turning  of  the  nuts. 
The  dimensions  given  are  nearly  the  same  with  all  manufacturers.  If  upset 
rods  can  not  be  obtained  the  section-area  at  the  root  of  the  thread  must  be 
used  in  computing  the  safe  load. 

Clevises.  Table  IX,  page  398,  gives  the  dimensions  and  other  details  for 
dcviseA  according  to  the  latest  standards  of  the  Anierican  Bridge  Company. 

Tables.  The  following  tables  will  be  found  useful  in  designing  tension- 
ircmbers,  or  for  drawing  tumbuckles,  sleeve-nuts,  clevises,  etc.  The  strength 
ot  plain  rods  in  Table  II  is  based  on  the  area  at  the  root  of  the  thread.  For 
kragtbs  and  weights  of  tie-rods  and  anchors  for  steel  beams,  see  Table  XIX, 
Laaptcr  XV. 
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Table  n.    Safe  Loads  in  Pounds  on  Round  Rods 


Plain  rods 

Upset  rods 

1 

Load  in 

pounds  based  oa  f  uU       | 

Diameter 

at 

root  of  thread 

area  of  rod 

inches 

Stress  in  lb  per  sq  in 

Stress  in  lb  per  sq  in              1 

xoooo 

12  000 

16000 

xoooo 

12000 

16000 

y* 

270 

324 

432 

491 

590 

1 
78s 

<^ie 

450 

540 

720 

767 

920 

1230 

% 

680 

816 

1088 

XX04 

1320 

1770      , 

TA« 

930 

1 116 

1488 

1503 

1800 

2400 

y% 

1260 

1S13 

2016 

1963 

2360 

3140 

•/le 

I  620 

1944 

2  592 

2  485 

2970 

3960      1 

«,8 

2020 

2424 

3232 

3068 

3680 

4910      1 

«4 

3  020 

3624 

4832 

4418 

S30O 

7070 

% 

4200 

S040 

6720 

6013 

7210 

9620 

I 

S50O 

6600 

8800 

7854 

9420 

12S70      ' 

iM. 

6940 

8328 

II 104 

9940 

11930 

15  900 

iV« 

8  930 

10  716 

14288 

12270 

14720 

19630     1 

1% 

10570 

12680 

16  910 

14840 

17  810 

23  750      1 

iVj 

12950 

IS  540 

20720 

17670 

21  200 

28270 

1% 

IS  ISO 

18  180 

24240 

20730 

34880 

33170 

1% 

17440 

20930 

27900 

24050 

96860 

38480 

1% 

20480 

24580 

32760 

27610 

33130 

44x80 

2 

23020 

27620 

36830 

31420 

37700 

50270 

^V^ 

26340 

31  610 

42  150 

35460 

42550 

56640 

2Vi 

30230 

36280 

48370 

39760 

47710 

63600 

2% 

33000 

39600 

52800 

44300 

53160 

70880 

2V^ 

37  ISO 

44630 

59  440 

49080 

58900 

78530 

2% 

46190 

55  430 

73900 

59390 

7I2TO 

95  020 

3 

54280 

6S  140 

86850 

70680 

84820 

113090 

3Vi 

65  100 

78  120 

101  160 

82950 

99S40 

132720 

3V^ 

75480 

90570 

120  770 

96210 

lis  450 

153840 

3*i 

86410 

103690 

138250 

no  450 

132540 

176690     , 

4 

99  9.10 

119  920 

159890 

125660 

150790 

201  050       1 

4Vi 

113  290 

135900 

181  300 

141  800 

170  160 

226  880 

4^ 

127430 

152900 

203900 

159000 

IQ0800 

254406 

4% 

142200 

170600 

227  500 

177  200 

212640 

283520 

S 

157630 

189  100 

252200 

196300 

*  235560 

314080 

sVi 

175  720 

210800 

aSi  100 

216400 

259680 

346200     ' 

sVi 

192670 

231200 

308300 

237500 

285000 

380000 

sv* 

2x2620 

255  100 

340200 

259600 

311  000 

414700 

6 

230980 

277  300 

369600 

282700 

339  300 

452300 

y  Google 
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Takie  m.    Safe  Loads  in  Poonda  for  Flat  RoOod  Bafa 
Camputcd  for  a  stress  of  x6  ooo  pounds  per  square  indi 


1 

Width  in  inches 

-Jses  1 

I 

1V4 

1% 

1V4 

2 

3% 

3% 

■3«i 

3 

3V4 

xooo 

laso 

,500 

1730 

2000 

3350 

3500 

2  750 

3000 

3250 

3000        2S00 

3000 

3SOO 

4000 

4500 

5  000 

5500 

6000 

6500 

h«  ' 

300O     3750 

4500 

5250 

6000 

6750 

7500 

8350 

9000 

9750 

'■  1 

4000I 

Sooo 

6000 

7000 

8000 

9000 

xoooo 

IXOOO 

12000 

13000 

■:.| 

5000 

6250 

7500 

8750 

XOOOO 

xz  350 

13500 

13  7SO 

15000 

16350 

>    1 

6000 

7S00 

9000 

10500 

13  000 

13500 

15000 

16500 

xSooo 

19500 

•T    1 

''1 

7000 

»7S0 

10500 

13  350 

14000 

15  7SO 

17500 

19350 

31000 

33750 

80Q0 

xoooo 

13  000 

14000 

16000 

18000 

30  000 

33  000 

34000 

36000 

>l 

9000 

11  2S0 

13  500 

15  750 

18000 

30250 

33500 

24750 

37000 

29250 

., 

ttJOOO 

13500 

15000 

17500 

30  000 

33500 

35000 

27500 

30000 

32500 

IX  000 

13  750 

16500 

19250 

23  000 

24750 

27500 

30350 

33000 

36750 

UOOO 

15000 

xSooo 

31000 

34000 

37000 

30000 

33000 

36000 

39000 

> 

13000 

16350 

I9S0O 

33750 

36000 

39350 

32500 

35  750 

39000 

42350 

-» 

14  000 

I7S0O 

3XOOO 

34500 

38000 

3ISOO 

35  000 

38500 

43000 

45500 

'*H 

15000 
16000 

IS  750 

33500 

36  350 

30000 

33750 

37  500 

41250 

45  000 

48750 

30  000 

34000 

38  000 

33000 

36000 

40000 

44000 

48000 

53000 

r/ooc 

31  350 

35500 

39  750 

34000 

38350 

43500 

46750 

51000 

55250 

iSooo 

33500 

37000 

31500 

36000 

40500 

45000 

49500 

54000 

58500 

19000 

23  7SO 

38  500 

33250 

38000 

42750 

47  500 

52250 

57000 

61750 

aoooo 

3SO0O 

30000 

35  000 

40000 

45  000 

50000 

55  000 

60  000 

65000 

23  000 

nsoQ 

33000 

38500 

44000 

49S00 

55  000 

60500 

66  000 

71  500 

240001  30  000 

3600c 

43000 

48000 

54000 

60000 

66000 

73000 

78000 

a6aoo 

lasco    390CC 

>   45500 

52  000 

58  500 

65000 

7IS00 

78000 

84500 

30  000 

3SO0O    4300c 

>  49000 

56000 

63000 

70cfoo 

77000 

84000 

91000 

/• 

3D  ooo 

37  500    45O0( 

J  53500 

60000 

67500 

75  000 

83500 

9000c 

97500 

* 

Siooo\  40  0oo|  49  00 

)  56000 

64000 

73000 

80000 

88000 

96000 

104000 

y  Google 
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Table  in  (Costinneil).    Safe  Loads  in  Poonds  for  Flat  RoUod  Bars 
Computed  for  a  streia  of  x6  ooo  pounds  per  square  inch 


Thick- 

Width in  inches 

ness  in 

•            1            1            1            1            1            1            1 

inches 

3Vi 

3% 

4 

4V4 

4Va 

4^4 

5 

5% 

6 

6H 

Mo 

3S00 

3  750 

4000 

4350 

4500 

4  750 

5000 

5500 

6000 

6500 

M 

7000 

7500 

8000 

8500 

9000 

9500 

10000 

XX  000 

13  coo 

13  000 

Ms 

10500 

II  350 

13  000 

12  750 

13500 

14350 

15000 

16  500 

X8000 

19  soo 

V4 

14000 

15000 

x6ooo 

17000 

X8000 

19000 

30  000 

33  000 

34000 

26000 

%« 

17500 

18750 

30  000 

21  250 

33500 

23  7SO 

35000 

37  500 

3D0CO 

33  soo 

% 

21  000 

23500 

34000 

35500 

37  000 

28500 

30000 

33000 

j6ooo 

3900c 

lU 

24SOO 

36350 

38  ooo 

39750 

3x500 

33350 

35000 

38SOO 

43000 

45  500 

y% 

28000 

30000 

33000 

34000 

36000 

38000 

40000 

44000 

48000 

S3  000 

%fl 

31S00 

33  7SO 

36000 

38350 

40500 

43  750 

45  000 

49500 

S4  000 

S8SOO 

% 

35  0001  37  500 

40000 

43500 

45  000 

47  500 

50000 

55  000 

60000 

6s  ooo 

His 

38500 

41350 

44000 

46750 

49500 

53  250 

55000 

60500 

66000 

71500 

'  % 

43000 

45000 

48000 

5X000 

54000 

57  000 

60  000 

66000 

73  000 

78000 

'Vie 

45  500 

48750 

.53000 

55350 

58  500 

6x750 

65000 

71  500 

78000 

84500 

% 

49000:  53500 

56000 

59500 

63000 

66500 

70000 

77000 

84000 

91  000 

»Vii 

53  500J  56350 

60  000 

63750 

67500 

7X350 

75  000 

83  500 

90000 

97500 

X 

56000 

60000 

64000 

68000 

73000 

76000 

80000 

88000 

96000 

X040CO 

iMs 

59  500 

63750 

68000 

72250 

76500 

80750 

85000 

93500 

XO2  000 

1X0  500 

iV^ 

63000 

67i>oo 

73000 

76500 

8x000 

85500 

90000 

99000 

106000 

117  000 

1*10 

66  500;  71  250 

76  000 

80750 

85500 

90  250 

95000 

104  soo 

114000 

X23  5O0 

lV4 

70000,  75000 

1 

80000 

85000 

90000 

95000 

xooooo 

IXOOOO 

130  000 

X30  000 

1% 

77  oooj  83  500 

88000 

93  500 

99000 

X04500 

IXOOOO 

121  000 

133000 

143  000 

\y% 

840001  90000 

96000 

102000 

106000 

114  000 

X30  000 

133000 

144000 

156000 

1% 

91  oooj  97  5oo;iQ4  00o 

X 10  500 

117  000 

X23  500 

X30  000 

143000 

X56000 

169000 

1% 

98  000, los  ooo!li3  000 

X19000 

126000 

X33O00 

140000 

154000 

X68000 

183000 

1% 

1 
losooo  113  500 

130  000 

137500 

135  000 

143500 

ISO  000 

165000 

X80000 

195000 

3 

XI3  0001X20  000 

128000 

XJ6000 

144000 

X53O00 

X60000 

176000 

193  000 

208  000 

y  Google 


Tension-Members 


301 


Xftbte  IV.    Ssfe  Loads  in  PooimU  for  Flat  Rollwl  Bafs 
Compated  for  a  atnu  of  xo  ooo  ib  per  square  inch* 


Thick- 

Width  in  inches 

BTssia 

" 

iachea 

I 

iVt 

iH 

I'Ji 

2 

2V4, 

aH 

2% 

3 

3y4 

Ma 

630 

780 

940 

1090 

X  250 

X410 

1560 

1720 

1880 

2030 

^ 

I  ISO 

IS60 

1880 

2190 

2500 

28x0 

3130 

3440 

3750 

4060 

1        %« 

z88o 

2340 

2810 

3280 

3  7SO 

4220 

4690 

5  160 

5630 

6090 

V* 

asoo 

3130 

3750 

4380 

5000 

5630 

6250 

6880 

7500 

8130 

Ma 

3130 

3910 

4690 

S470 

6250 

7030 

7810 

8590 

9380 

10200 

,        % 

3  7SO 

4690 

5630 

6560 

7500 

8440 

9380 

10300 

1x300 

12200 

Via 

43(Bo 

5470 

6560 

7660 

8750 

9840 

X0900 

12000 

13  100 

14200 

H 

Sooo 

6250 

7500 

8750 

xoooo 

II  300 

12500 

13  800 

15000 

16300 

1        ^« 

S630 

7030 

8440 

9840 

11300 

12  700 

14  100 

15  500 

16900 

18300 

% 

6250 

7810 

9380 

10900 

12500 

14100 

15600 

17200 

X8800 

20300 

nia 

6880 

8590 

10300 

12000 

13800 

IS  500 

17200 

18900 

20600 

22300 

% 

7S00 

9380 

II  300 

13100 

15000 

16900 

18800 

20600 

22500 

24400 

>«4a 

8130 

loaoo 

12200 

14200 

16300 

X83OO 

20300 

22300 

24400 

26400 

% 

S7SO 

10900 

13100 

15300 

17500 

19700 

2x900 

24  lOO 

26300 

28400 

1        *^^ 

9380 

1x700 

14  100 

X6400 

18800 

21  TOO 

23400 

25800 

28  xoo 

30500 

X 

10  000 

12500 

15000 

17500 

20000 

22500 

25000 

27500 

30000 

32  500 

iM« 

10600 

13300 

IS  900 

18600 

21300 

23900 

26600 

29200 

31900 

34SOO 

,      *^ 

II  300 

14  100 

X6900 

19700 

22500 

25300 

28  100 

30900 

33800 

36600 

1      i9ia 

II  900 

14800 

17800 

20800 

23800 

26700 

29700 

32700 

35600 

38600 

1% 

12  500 

15600 

X8800 

21900 

25000 

28  100 

31^ 

34400 

37SOO 

40600 

iH 

13800 

17200 

20600 

24100 

n5oo 

30900 

34400 

37800 

41300 

44700 

iH 

15  000 

18800 

22500 

26300 

30000 

33800 

37500 

41300 

45  000 

48800 

1% 

16300 

20300 

24400 

28400 

32SOO 

36600 

40600 

44700 

48800 

52800 

1% 

17  500 

21900 

26300 

30600 

35000 

39400 

43800 

48100 

52500 

S6900 

'      1% 

18800 

«40O 

28100 

32800 

37SOO 

42200 

46900 

SI  600 

56300 

60900 

2 

aoooo 

25000 

30000 

35  000 

40  000 

45  000 

50000 

55000 

60000 

65000 

*  For  unit  stresses  of  12  000,  12  500,  and  15  000  Ib  increase  by  ¥1,  M,  and  %  respec- 
For  working  strength  of  wrought  iron  and  steel,  see  pages  376  and  383. 
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Table  IV  (Contiiined).    Safe  Loads  in  Poonds  for  Flat  Rolled  Ban 
Computed  for  a  stress  of  lo  coo  lb  per  square  inch 


Thick- 
nessin 

Width  in  inches 

inches 

3Vii 

3% 

4 

4V4 

4% 

4% 

5 

5% 

6 

6Vi 

He 

a  190 

2340 

2S00 

2660 

2810 

2970 

3130 

3440 

3750 

4060 

% 

4380 

4690 

5000 

5  310 

5630 

5  940 

6250 

6880 

7500 

8130 

Me 

6560 

7030 

7500 

7970 

8440 

8910 

9380 

10300 

XI  300 

12200 

M 

8750 

9380 

10  000 

10600 

II  300 

XI  900 

12500 

13800 

15  000 

16300 

"He 

10900 

XI  700 

12500 

13300 

14  100 

14800 

15  600 

17200 

18800 

ao  joo 

% 

13  100 

14  100 

15000 

IS  900 

16900 

17800 

18800 

20600 

22500 

34400 

%• 

15300 

16400 

17500 

18600 

19700 

20800 

21  900 

24  100 

26300 

2840c; 

% 

17500 

18800 

20000 

21  300 

22500 

23800 

25000 

37  500 

30000 

32500 

%• 

19700 

2X  100 

22500 

33900 

35300 

36700 

28100 

30900 

33800 

36600 

% 

21900 

23400 

25000 

26600 

38100 

29700 

31300 

34400 

37500 

40600 

iVie 

24  100 

25800 

27500 

29200 

30900 

32700 

34400 

37800 

41300 

44700 

94 

26300 

28  100 

30000 

31900 

33800 

35600 

37  500 

41300 

45000 

48800 

»%• 

38  400 

30500 

33500 

34  500 

36600 

38600 

40600 

44700 

48800 

53800 

% 

30600 

32800 

35000 

37  300 

39400 

41  600 

43800 

48  100 

53500 

56900 

>%« 

32800 

35  200 

37500 

39800 

43  200 

44500 

46900 

51  600 

56300 

60900 

X 

35  000 

37500 

40000 

42500 

45000 

47  500 

50000 

55000 

60000 

65000 

iVie 

37200 

39800 

43500 

45200 

47800 

SO  500 

S3  100 

58400 

63800 

69100 

i^i» 

39400 

42200 

45  000 

47800 

SO  600 

53  400 

56300 

61  900 

67500 

73100 

l%e 

41600 

44500 

47500 

SO  500 

53400 

56400 

59400 

65300 

71300 

77200 

iVi 

43800 

46900 

.50  000 

53  100 

56300 

59  400 

62500 

68800 

75  000 

81300 

1% 

48  100 

51  600 

55  000 

58  400 

61  900 

65300 

68800 

75600 

83500 

89400 

1% 

S2SOO 

56300 

60  000 

63800 

67500 

7x300 

75000 

82500 

90000 

97500 

1% 

S6900 

60900 

65000 

69100 

73100 

77  200 

8x  300 

89400 

97  SCO 

105600 

1% 

6x300 

65600 

70000 

74400 

78800 

83100 

87500 

96300 

105000 

113800 

1% 

65600 

70300 

75  000 

79700 

84400 

89  100 

93800 

103x00 

1X2  SCO 

121900 

3 

70000 

75000 

80000 

85000 

90000 

95  000 

100000 

no  000 

120  000 

130  0001 
J 

*  See  foot- note,  preceding  table. 
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Tabte  Y.     SluidaM 


PtopoitioM  of  UpMt  Screw-Bndt  for  Round  < 
Sqiun  Ban 


! 

Roondbara 

Square  bars 

JAti.  of 

radori 

Excess 

Excess 

idfiol 

Ehain. 

Dum.or 

^f umber 

of  efTec- 

Diam. 

Diam.  of 

bomber 

of  effec- 

,r^ 

ofnpBet 

screw  at 

of 

tivc  area 

of  upset 

screw  at 

of 

tive  area 

^•r 

root  of 

threads 

of  screw- 

screw- 

root  of 

threads 

a 

end 

thread 

per 

end  over 

end 

thread 

per 

end  over 

in 

in 

inch 

bar 

% 

in 

in 

inch 

bar 

% 

^ 

•i 

0.630 

10 

54 

% 

o.6ao 

10 

21 

*U 

% 

0.620 

10 

31 

% 

0.731 

9 

33 

S 

'/• 

0  731 

37 

I 

0.837 

8 

41 

>Vi« 

I 

0.837 

48 

I 

0.837 

8 

17 

». 

I 

0  «n 

as 

i%" 

0.940 

7 

33 

!> 

iVh 

0  940 

34 

lU 

1.06s 

7 

35 

'i 

iVi 

1.065 

48 

1% 

1. 160 

6 

38 

»^« 

iVi 

1.065 

29 

1% 

1.160 

6 

ao 

, 

iH 

1.160 

35 

l\<H 

1.384 

6 

29 

i^« 

1% 

1.160 

0 

19 

1% 

1.389 

sh^ 

34 

lU 

iVi 

1.2S4 

30 

l*^^ 

1.389 

sV^ 

20 

i*« 

1% 

X.284 

17 

1% 

1.490 

S 

a4 

1'4 

1% 

1.389 

sVt 

23 

l-^ 

1. 61s 

s 

31 

l'l« 

I*; 

1.490 

29 

llii 

I.61S 

S 

19 

1*H 

1»'4 

1-490 

18 

a 

1. 713 

4Vi 

32 

l'\$ 

iT* 

1. 615 

5 

36 

aVs 

^837 

4¥t 

a8 

th 

a 

1. 713 

a¥2 

30 

2l& 

1.837 

4% 

18 

1»M 

2 

1.712 

A^ 

30 

2V4 

1.963 

AVt 

34 

r-H 

1      aVi, 

1.8.17 

4Vj 

38 

2^ii 

3.087 

AVa 

30 

I'h* 

1      .^ 

1.837 

4^3 

18 

^k 

3.087 

4V3 

30 

i*i 

2% 

1.96a 

4^^ 

26 

aVi 

3.I7S 

4 

31 

i'*le 

iM 

1.962 

4Vi 

17 

2«/4 

3..100 

4 

26 

I-; 

rH 

2.087 

4Vj 

34 

2^'S 

3.300 

4 

18 

i»-i* 

.      ^ 

a. 175 

26 

3% 

3.42s 

4 

33 

2 

2h<t 

2.17s 

18 

3% 

3.SSO 

4 

38 

i»W 

3% 

2.300 

34 

3% 

a.SSO 

4 

20 

^^ 

a«^i 

a. 300 

17 

3 

3.639 

31^ 

30 

^« 

3% 

2.425 

23 

3% 

3754 

3% 

34 

y  Google 
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TaUe  V  (Continiwd).    Standard  Proportioiis  of  UpMt  Scnw-Xnds  for 
Roand  and  Square  Bars 


•  Round  bars 

Square  bare 

Diam.  of 
rouador 

Eioess 

Excess 

tide  of 

Diam. 

Diam.  of 

Number 

of  effec- 

Diam. 

Diam.  of 

Number 

oC  effec- 

square 

of  upset 

screw  at 

oC 

tive  area 

of  upset 

screw  at 

of 

tive  area 

bar 

■crew- 

root  of 

threads 

ofscrew- 

root  of 

threads 

ofacrew- 

in 

end 

thread 

per 

ead  over 

end 

thread 

per 

cnd  over 

in 

ia 

inch 

bar 

% 

ia 

ia 

inch 

bar 

% 

^U 

2% 

a.sso 

4 

38 

3% 

2.754 

3V4 

18 

2<He 

2% 

2.SS0 

4 

22 

3V« 

a. 879 

3% 

22 

A^ 

3 

2.629 

3Vir 

23 

3% 

3.004 

3V4 

36 

2Ti« 

3^ij 

2. 754 

3V4 

28 

3% 

3.004 

3% 

19 

2Vi 

3% 

2.754 

3% 

21 

3% 

3.100 

3V4 

31 

2».^« 

3% 

2.879 

3Vi 

36 

3% 

3.22s 

3V4 

34 

2-'^ 

3V4 

2,879 

3V4 

20 

3^fe 

3.225 

3V4 

19 

2Hi« 

3% 

3.004 

3V^ 

25 

3% 

3.317 

3 

30 

2«i 

3^& 

3.004 

^V* 

19 

3% 

3.442 

3 

23 

2i'^ie 

3% 

3.100 

3Vi 

22 

3% 

3.442 

3 

18 

2Th 

3% 

3  22s 

3V4 

a6 

4 

3.567 

3 

31 

2»^i« 

3^ii 

3.22s 

3^4 

21 

4V^ 

3.692 

3 

34 

3 

3^4 

3.317 

3 

32 

4V& 

3.692 

3 

19 

3^^ 

3% 

3.442 

3 

31 

4% 

3.923 

2% 

24 

3Vi 

4 

3..S67 

3 

30 

4Va 

4.028 

2^4 

31 

3^ii 

4% 

3.C92 

3 

30 

4% 

4x53 

3^4 

19 

3% 

4V* 

3.798 

2% 

x8 

3% 

4H 

4.028 

Ai 

23 

.. . 



3H 

4% 

4.IU 

2^4 

23 

.  •  • 

3% 

4«V* 

4.255 

2^ii 

31 



... 

■■ 

Remaezs.  As  upsetting  reduces  the  strength  of  iron,  bars  having  the  same  diameter 
at  the  root  of  the  thread  as  that  of  the  bar  invariably  break  in  the  screw-end  when 
tested  to  destruction,  without  developing  the  full  strength  of  the  bar.  It  is  therefore 
necessary  to  make  up  for  this  loss  in  strength  by  an  excess  of  metal  in  the  upset  screw- 
ends  over  that  in  the  bar. 

Table  V  is  the  result  of  numerous  tests  on  finished  bars  made  at  the  Keystone  Bridge 
Company's  Works  in  HKtsburgh.  Pa.,  and  gives  proportions  that  will  cause  the  bar  to 
break  in  the  body  rather  than  in  the  upset  end. 

The  screw-threacfe  in  the  above  table  are  the  Franktin  Institute  standards. 

To  make  one  upset  end  for  a  5-in  length  of  thread,  aUow  6  in  in  length  of  rod,  addi- 
tionaL 


y  Google 
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Table  VL*    Steel  Eye-Ban 

(aherican 

standard) 

\ 

Okdikary  Eye-Bar 

___Adjustable  Eyb-Bar 

^-^- -^ 

LL___U)-i^ 

^*'    ii-i^n' 

Minimum  length  of  short  end  from 

center  of  pin  to  end  of  screw,  6  ft,  pref- 

embly  7  ft.. 
Thread  on  short  end  to  be  left  hand 
Pitch  and  shape  of  thread  A.  B.  Co 

Bar 

Head 

Thickness 

1 

Maximum 

Additional 

standard 

Min. 
in 

Dia. 
</. 
in 

pin 

material, 

a,  ft  and 

in 

Bar 

Screw-end 

T-    Max. 

Dia. 

Ex- 
cess 
head 

c 

d 

Ex- 
cess 

Additional 
material, 
6.  ft  and 

4     la 

For 

Pot 

1 

in  !  over 

der- 

figur- 

Dia. 

up- 

L'th 

in 

1 

bar. 

% 

ing 
bar 

mg 

w't 

1 

■^ 

in 

set 
over 

m, 

in 

1 

For 

For 





t^ 

g 

bar. 

or- 

fig- 

4V2'    I?4 

I-  0 

0-  7 

^, 

% 

der- 

ur- 

1 

^i          5>:i,  ^«    37.5 

I-  4 

0-1 1 

ing 

mg 

t  6li!  3}4| 

I-  9 

I-  4 

bar 

w't 

; 

1     6 

2W. 

1-  3 

O-IO 

tH 

iH 

39.6 

4 

I-  0 

8 

a'r    I 

H     1    7 

3' it  40.0 

I-  7 

I-  2 

I  2 

H 

I'A 

36.6 

44 

I-  0 

7H 

• 

•t« 

4h! 

2-  0 

1-7 

li 

2 

31  4 

44 

O-II 

7H 

7^4,  3^1 

1-6 

i-i' 

t?4 

3H 

41.2 

44 

I-  0 

8 

1     iH 

H         8^1  4^'  41.7 

i-ii 

I-  S 

2^ 

H 

aH 

38  I 

5 

I-  0 

8 

t  9M    5M 

2-  4 

I-IO  ' 

I 

2H 

36.7 

5 

I-  0 

74 

?i  '  10 

4^^ 

i-ii 

1-6  1 

t   *4 

2M 

34.3 

5 

1-  0 

74 

4       X?i 

T*  ,  u 

S'A 

37  5 

2-3   i-ioli  3 

^/6 

2H 

41.6]  s4 

I-  I 

94 

I         itl2 

6H 

2-82-  2', 

I 

24 

23.9 

54 

I-  I 

84 

U    1    12 

SW 

2-  1 

1-8 

t  % 

3'A 

23.9 

54 

I-  1 

84 

3       J 

I      1  ISH 

654 

3S.0 

2-8 

2-  2 

4 

}i 

2H 

32.0 

s4 

O-II 

7H 

I     (tis 

8W 

3-3 

2-9 

I 

3 

35. 7l  6 

I-  I 

84 

f4      14 

S')4 

2-  4 

I-IO 

iH 

3M 

44.6^ 

64 

I-  2 

94 

5     a 

I          14H 

6H 

37  5 

2-  6f   »-  I 

t  ^4 

2vi 

36.2 

6 

I-  0 

8 

I        ti6Ji 

85-4 

3-2    2-8 

'A 

3 

24  I 

6 

0-1 1 

7 

I 

16H 

7 

2-  7     2-  2 

5 

I 

3U 

30.2 

64 

I-  0 

8 

r      a      '  iVi 

17W 

8 

\K  7 

2-11'   2-  6 

. 

m 

3'.i 

34  2 

I-  I 

84 

jH 

ti8H 

9 

3-  4I  2-1 I 

2-  s]  >-  3 

— 

ih 
ti 

3-^4 
34 

38.3 
25. 8 

I-  2 
I-  0 

9 

74 

I 

t8 

7 

?      » 

iH 

19 

8 

37- 5 

3-  0   a-  6 

(V 

iH 

3M 

28.0 

I-  0 

8 

iH 

t20 

9 

3-  4'  2-11 

lU 

4 

33  2 

74 

I-   I 

84 

iH 

AV^ 

37  3 

8      1 

I-   2 

94 

i^i 

ao 

7^ 

2-11I  2-  6 

-±J-^  , 

f     2 

iM 

» 

9Vi 

38.9 

3-7   3-1 

tiH 

4 

26.9 

74 

1-08 

r=   ■  a 

a2h 
24 

t2S 

9 

3S.O 

3-  5   a-io 
3-9   3-3 

4-  i!  3-  7 

7 

lU 
iH 

iVa 

4k 
4^^ 

aVx 

4H 
44 
4^4 

s 

29.5 
32.4 
35  4 

8 

84 

84 

I-  I    84 
1-29 

V:  2  94 

u    la 

iM 
iH 

a6H 

2S 

t29H 

10 
13 

37.5 

J-  8   3-  3 

4-  2'  3-  8 

4-  8|  4-  1 

8 

27.4 
29.3 
31.4 

84 
84 
9 

I-  0  ^ 
I-  I 
I-  I 
I-  2 

B 

84 
84 
9 
10 

.     I 

31 

12 

35  7 

4-  3|  3-  9 
4-10    4-  4 

iH 

sM 

35.2 

94 

1-  3 

U       7 

33      14    1 

Bars  marked  f  should  be  used 

only 

iH     T34     115 

5-  5     4-  Bl 

when  absolutely  unavoidable 

I|4~l  3«     U 

37.5 

4-II'  4-  S' 

Deduct   pin-hole   when    figuring 

tn    ' 

»      !  I'/*  't37M't«    1 

34.4 

5-  5'  4-10! 

weight 

'  Fmm  Pocket  Companion,  1915  Edition,  Carnegie  Steel  Company.  Pittsburgh,  Pa. 
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Table  VH.*    Loop-Rods 

AMERICAN   BRIDGE   OOICPANY   STANDARD 


C 


^:u...w^'^, 


•  r  -trA  For  tlMTA-aafc 


Pitch  and  shape  of  thread  A.  B.  Co  standard 
Additional  length  At  in  feet  and  inches,  for  one  loop.    >l*4.i7^+5.89r 


Diam. 

of  pin, 

P. 


2M 
2}i 


UH 


UH 


t65i 


Diameter  or  side  r  of  rod  in  inches 


o-  9iy'i  o-io 


X 


iH 


O-II        O-IlH 

o-ii4'i-  o 


O-IO  07l0^2 

O-II  |o-iik.'i-  oltiii-  1 

I-  o  I-  oH  I-  ij'iji-  a 

I-  I  |i-  iH 


I-  2 
I-  3 


I-  S 
1-6 


I-  3 

I-  4 


1-6 


I-  7 


i-7H;i-8 
I-  8^^  I-  9 

I-  9H'i-io 


i-ii 

2-  0 
2-  I 

2-  2H 


IM 


I-  I 
I-  2 

I-  3 
I-  4 


iH 


I-  2j'j;i-  3 

I-  3'*i  I-  aWi-  5 
I-  4'2|i-  s!^  I-  6 
I-  5'5  I-  6»i'i-  7 

i-6h  I-  7Ji:i-8 

I-  7!i'i-  SJ^i'i-  9 
I-  8'2  I-  gViji-io 

I-IO      |l-10j'j,l-ll 


i^i 


iH 


I-2'«i      ....    I    .... 
1-  3'-v  I-  4H  I-  S 


1-  4h 

1-  5Vi 
I-  7 

1-  8 

-  9 

I-IO 

i-ii 

2-  O 


I-  S^^  I-  6 

I-  6H  I-  7 
I-  7h'i-9 
I-  8hii-  9!i 

I- 9*/'.'  l-ioK» 

I-10!a,I-Ill'2 


iH 


iH 


....  I 
i-'e'  I 

1-7    1 1-  7H 

1-8    ji-8H 

1-9       I-  9H  I-IC>:; 

I-Ill^ 


I-  8W 


I-IO       l-II 
2-  O 


2-  O 


1-Il'/'J'2-  0«.2j2-   1 
2-  O)'.; 


I-II  I-llJf  2-  0l3|2-  I 

I    -,,1      ,1 

2-  O  ,2-  o'-'i  2-  lVj'2-  2 

a-   I  2-  I ''.-'2-  2  k'  2-  3 

2-  a  2-  2)lJ  2-  3^^'2-  4 

2-  3 
2-  4 

2-  S 
2-6 


2-  3V-' 

2-  S 

a-6 
2-  7 

2-  8 
2-9 

2-10 
2-1 1 

3-  o 


a-  4'i  2-  S 


2-  S'V|2-  6 

2-  6Ii'a-  7 
2-  7J6 

2-  84 


2-  2 
i-  3 

2-  4 

2-  5 

2-6 

2-  7 


2-  9!.^ 
2-IOI6 

.?-  o 
.3-  I 


2-  8J'2]2-  9 


2-9H 


a-io 
2-11 


2  io3^ 
2-ii>/il3-  O 

3-  o^-jja-  I 
3-  iH  3-  2?: 


2-  2*6 
2-3^^ 


»-  3 

2-  4Vi 


a-  I 
a-  a 
a-  3 


3-  5 


2-  4l'ij2-  SJ'2]2-  6 
2-  sH  a-  6>iJ2-  7 

a-  6J^  a-  7^4  a-  8 


a-  o''j 

2-1'. 
a-  2«- 

a-  3'-' 

2-  4H 

a-6 
a-  7 
2-  8 


a-  jH  2-  8^|a-  9  |a-io 
a-  9  a-  g'^^ia-io  'a-ii 
a-io     a-ioH|a-iiJ4J3-  c 

a-ii     2-iiHj3-  o^j3-  I 

3-  0  3-  oH'3-  iH|3-  a 
3-  I  3-  i^i'i-  a^^  3-  3 
3-  2     3-  aVi|3-  3^»|3-  4 

3-3     3-  3J4  3-  4^13-  S 

! 


Pins  marked  t  arc  special.    Maximum  shipping  length  of  /  -  35  ft 
•  From  Pocket  Companion,  1915  EdiUon,  Carnegie  Steel  Company,  Pittaliargh.  Pa. 
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Table  VIIL*    Tumbockles  and  Sle«Te-Nttts 

MMXMICAM    VUDCK   COMPANY   STANDAKO 


All  dimensions 

in  inches 

TUXNBUCKLBS 

SiXBVB-NUTS 

1    **    ! 

1               4«  •'^ 

^. 

«— --? ^                   'yb-ii 

k*-*J           i*- — *---->{ 

^^  1*9^  ior  ttzmbuckles  marked  f 

Pitch  and  shape  of  thread,  A.  B.  Co 

Standard  dimensions 

Dia.  1     Standard  dimensions    | 

'        1         1 

Wt, 

of     ( 

IW't, 

•       i    \    I    \     c 

< 

C 

b 

lb 

screw;  ^ 

M 

/ 

a 

b 

f 

t    !   lb 

•     'i  \-H 

M. 

^U 

M 

1H6 

I 

1 

• 

^^7H« 

H 

Vi 

H 

iH 

X 

... 

^    h    i'M 

H 

H     1  H 

iH 

I 

^v.inu 

»M« 

^U     *i 

I9i6 

lYz 

'hijTi 

>^i6 

M«     ?4 

i^« 

iH 

1 

:"■» 

8M 

iHe 

»Hb   J* 

2 

2 

...| 

•    in« 

8H 

04 

H     I 

2M 

3 

"ii 

iH 

7 

iH 

lii 

iH 

H|-3 

I'^i 

9 

i^« 

M«   i« 

27^6 

4 

I 

iH 

7 

iH 

iH 

iH 

H 

3 

•  I  '-.• 

9H  ii'i« 

H     iW 

29f< 

5 

iH 

1^4 

7^^ 

2 

2M« 

iH 

M« 

4 

■.  i'% 

9^4  Ir^i. 

W     iH 

^ 

6 

iH 

iH 

7I-6  2 

2M« 

1^6 

He 

4 

^  3H9  lioH  ii'Mei   H    liH 

3M6 

7 

iH 

2 

8       2H 

2^4 

iH 

?6 

5 

*'i 

lo^i    iH     1   H     )I^ 

3M« 

8 

'  iH 

2 

8      :        tH 

iH 

^i 

6 

•  -■'•ie 

lOf'i    12 

H     iH 

3H 

ID 

iH 

2M 

8V6  ;        {M« 

iH 

Me'     8 

ri 

11 'i  laVi 

H       2 

3^4 

11 

1*4 

2H 

Bhit :       iMe 

iTh 

Me     9 

•  i'^ieUiH 

|2M. 

»H«2H 

3H 

12 

iH 

2H 

9 

.      iH 

2^i 

H      10 

1        « 

2H 

'MeaM 

4H 

14 

2 

2H 

9 

.      iH 

2H 

H  1  11 

r-i«  li^i  'i4 

«HiW 

4^ 

17 

2U 

2^4 

916 

.     \yu 

2H 

^■ie 

14 

jH    \i3i^%  'a' He 

»fi«>^i 

4?i 

20 

2H 

2^4 

9H 

:      \\U 

2H 

?'U 

15 

j*^«  lu^  !2>4 

«fi.2^ 

4'4 

22 

2H 

3 

10 

.      \H 

2% 

H 

18 

3^^    Il34 

3H« 

«^/tot3 

sH 

25 

2H 

3 

10 

J/B 

4^ 

2^^ 

H 

19 

•     x-i 

I4M 

3W 

»M«;3M 

Sf4 

3i 

2^i 

3V4 

10^^ 

4M 

4>M« 

2>i 

»Me 

23 

■•  i'ni 

I4H 

3^6 

1^2 

3H 

6H« 

36 

2H 

3>/i 

II 

4H 

sH 

3H 

W 

27 

'i4 

IS 

3H 

IHI 

3H 

6fi 

40 

3 

3W 

II 

4H 

sH 

3H 

H 

28 

,A'» 

ISH 

3T4 

iVIe  U 

6*4 

50 

3H 

3^4 

iiH 

5 

5»Me 

3H 

>Me 

35 

S^^* 

i6h 

4H 

1H2    4 

7M 

6S 

3H 

4 

12 

sH 

614 

3H 

H 

40 

.  -^ 

17H 

AlU 

l^« 

S 

8H 

9S 

3^4 

AM 

12H 

sH 

6»H« 

3H 

»Me 

47 

.    6 

ift 

4H 

iMe 

S 

8N 

106 

4 

4H 

i^       H 

7H. 

AH 

I 

55 

.  6^ 

nM 

4H 

iH 

5H2 

9'/4 

140 

4M 

4N 

i^        h 

7^ 

AH 

iH« 

65 

6ii 

22H 

SW 

iH 

6W 

loH 

195 

4H 

5 

14       ^ 

7»M6 

aH 

iHe 

75 

7'4 

n\i 

5H 

2 

6H 

iiH 

aos 

"'•^ 

iW 

6H 

iiTi 

250 

•^x«  Pocket  Companion,  1915  Edition,  Canegie  Steel  Company,  Pittsburgh,  Pa 
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TaUe  IX.*    QariMs 

AMSRICAN   BEIDOE  COIfPAlfT  STANDARD 


AH  dimensions  in  inches 


lew* 


Gripathickness  of  plate+M  in.  but  must  not  exceed  dimension/ 


Clevis- 1 
No. 


Head 


I 


\Max  Min 


3  iH|  W  iH 

4  2         H     i- 

6  ,3     I  54j  3 

7  3)^J.  H'  3^4 
I       I       I 


J 

r 

X 

I 

3>4 

2>i 

iH 

3 

3 

i>'^ 

3?4 

35i 

3 

4h 

4H 

ah 

5^4 

SM 

Nut 


Max  Min 


3H 
4^i 

6M« 


Fork 


I 


CLEVIS-KUMBERS  FOR  VARIOUS  RODS  AND  PINS 


Wt. 

lb 


4  ,  4 

6  ,  ]6 

7  I  26 

8 :  36 


Rods 


Round  Square   Upset 


z 

iH 
i« 

2 

2H 

'2M* 

2H 


I 

iM 
iH 

iH 
xH 
x?< 

a 


I 

iH 
Oi 
iH 

2 
aH 

2\i 

a^i 

aW 
aH 
254 
aH 
3 


Pins 


1^4     iH 


iJ4 


aM     aW     a?4 


3W 


Clevises  above  and  to  right  of  zigzag  line  may  be  tised  with  forks  straight,  thoa 
below  and  to  left  of  this  line  should  have  forks  closed,  so  as  not  to  overatresa  the  pin. 

*  Fiom  pocket  Companion,  19x5  Editk>n,  Carnegie  Steel  Company,  PitCabursb,  P^^ 

Digitized  by  VjOOQIC 
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Table  Z.     Safe  Loada  in  Teoaioii  for  Common  Sizea  of  Angles  with  One 
%-Inch  Rivet-Hole  for  a  H-Inch  Rivet 
Load  in  pounds  for  a  streaa  of  i6  ooo  lb  per  sq  in 


Sue  of  angle 

Load 

Size  of  angle 

Load 

6X4XH 

100500 

St^XstiX^ 

45000 

% 

8s  000 

%e 

41  100 

y^ 

68900 

% 

37000 

H 

26500 

SX3HX% 

82500 

M 

19500 

% 

70100 

% 

57  000 

3X3X% 

45000 

H 

37000 

SX3X% 

76SOO 

% 

28500 

% 

64900 

U 

19500 

% 

53000 

% 

40500 

3X3V^XH 

33000 

% 

25600 

4X4X% 

76500 

%e 

21800 

% 

40500 

y* 

17600 

4X3%X98 

60000 

% 

37600 

3XaX%«* 

25  900 

%• 

25600 

4X3X% 

55  000 

Wo* 

21  800 

Vt 

45  000 

%• 

17600 

% 

34600 

2M8X2V4xTi« 

25900 

3HX3%XV4 

64500 

% 

22600 

% 

55  000 

Ma 

19200 

y^ 

45000 

y* 

iSSoo 

% 

34600 

2V4XaX%e 

22400 

3%X3X% 

SO  100 

% 

I9S00 

% 

41000 

•Ji- 

16600 

% 

31500 

M 

12800 

*  These  aie  special  aaglea. 
nk  of  dday  in  ddivoy. 


It  is  better  not  to  use  them  in  ordinary  work  because  of 


y  Google 
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Table  XI.    SectionaJ  Area  to  be  Deducted  from  Plates  and  Anglea  for 
One  Round  Hole 

Note.    Bolt-holes  should  be  Mo  in  larger  than  the  diameter  of  the  bolt;  rivet-holea 
are  usually  V^  in  larger  than  the  diameter  of  the  rivet.* 


Diameter  of  hole  in  fractions  of  an  inch  and  inches 

Tie 

Vx 

^\ 

^0 

i^e 

iMa 

i^ia 

o.o8 

0.09 

0.1 

.20 

0.23 

0.27 

0.30 

O.II 

0.13 

0.] 

.27 

0.30 

0.36 

0.39 

0.14 

0.16 

0.] 

33 

0.37 

0.45 

0.49 

o.i6 

o.iglo.j 

.40 

0.4510.54 

0.59 

0.19 

0.22 

0.: 

.46 

0.52 

0.63 

0.69 

0.22 

0.25 

0.: 

.53 

0.59 

0.72 

0.78 

0.2S 

0.28 

0.; 

60 

0.67 

0.81 

0.88 

0.27 

0.31 

0.: 

66 

0.74 

0.90 

0.98 

0.30 

0.34 

0.; 

73 

0.82 

0.99 

1.08 

0.33 

o..\8 

O.i 

.80 

0.89 

1.08 

1. 17 

0.36 

0.41 

O.i 

86 

0.97 

1.17 

1-27 

0.38 

0.44 

o.i 

93 

1.04 

1.26 

I   37 

0.41 

0.47 

o.i 

00 

I. II 

I  3S 

1.47 

0.44 

o.so 

o." 



c6 

1.19 

I  44 

!.:/• 

*  See  also  Table  I,  Giapter  XX  and  paragraph,  Punching  Rivet-Holes,  page  414. 


7.  Wire 

Mtnuftcture.  Iron  and  steel  wires  are  made  from  billets  about  4  in  square. 
These  are  rolled  into  long  rods  which  are  dipped  in  acid  to  remove  the  scale 
and  furnish  lubrication  for  the  drawing  process.  This  consists  in  pulling  the 
rods  while  cold  through  steel  dies  having  a  series  of  holes  of  gradually  decreasing 
diameters.  The  cold  working  of  the  metal  hardens  it  and  makes  it  brittle  so 
that  it  is  necessary  to  anneal  it  at  intervals  during  the  process.  The  drawing 
increases  the  strength  of  the  material,  50  that  wires  of  difiFcrcnt  sizes,  although 
made  of  the  same  material,  differ  greatly  in  ultimate  strength. 

Finish.  The  common  grades  of  iron  and  steel  wire  are  furnished  in  several 
different  finishes:  plain  black,  bright  tinned,  copper-coated,  japanned  and  with 
single  and  double  coats  of  zinc  galvanizing.  The  last  is  applied  by  passing  the 
wire  through  the  melted  zinc  which  is  deposited  as  a  coating  and  forms  one  of 
the  best-known  protections  against  corrosion. 

Wire-Gauges.  Table  XIII  gives,  according  to  several  gauges,  the  diameters 
of  the  different  numbers  of  wire  that  have  come  into  use  for  different  purposes 
and  have  been  brought  out  by  different  manufacturers.  In  ordering  wire  by 
number  it  is  best  to  specify  which  gauge  is  meant. 

Strength.  Table  XIV  gives  the  sizes  according  to  the  J.  A.  Roebling's  Sons 
Company  gauge,  with  the  weight  and  length  and  the  strength  on  an  assumed 
basis  of  100  000  lb  per  sq  in.  The  different  kinds  of  wire  vary  so  widely  in  ulti- 
mate strength,  on  account  of  both  the  difference  m  quality  of  the  material  and 
the  effect  of  the  drawing,  that  in  order  to  obtain  the  approximate  strength  of  a 
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wire,  reference  mtist  be  made  to  Table  XII  in  connection  with  the  foot-note  to 
IJAe  XIV.  The  following  table  is  arranged  from  values  given  in  the  Catalogue 
cf  the  J.  A.  Roebling's  Son^r  Company: 


Table  ZEL 


Approximate  Ultimate  Strength  of  Different  Siiea  of  Iron 
and  Steel  Wire 


i 

Ultimate  strength 

Kind  of  wire 

Large  size 
lb  per  sq  in 

Small  size 
lb  per  sq  in 

Soft  iron 

45  000 
60000 
247000 
307000 
200  000 
50000 
56000 

60  000 
80000 
285000 
340000 
345000 
not  used 
66  000 

Tdegraph  aod  telephone  (steel) 

%>eciai  aviator , .  ^ .               .  ^.  ^ 

Piaao  wire 

Pkngh  steel  wire 

Hard-drawn  copper  trolley  wire 

'  Hard-drawn  telegraph  and  telephone  copper 

yGoogk 
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TaUe  Xm.    Compuison  of  StuuUrd  Oaoget  (or  Wire  and  Shoot  MoUI 

r- 

Diameter  or  thickness  in  decimals  of  an  inch 

Washburn 

Number 
of  gauge 

Binii- 
Ingham 
or  Stubs 

American 
or  Brown 
dbSharpc 

United 

SUtes 

standard 

gauge  for 

&Moen 

)4antt. 

facturing 

Co.*  and 

Trenton 
Iron  Co. 

Ameri- 
can 

Screw 
Co. 

British 

Imperial 

or  English 

legal 

iron- 

wire- 

sheet  and 

John  A. 

wir^ 

standard 

wiio» 

gauge 

plate  iron 

Roebling's 

gauge 

wire- 

wirc- 

gauge 

and  steel 

Sons  Co. 
wire-gauge 

gauge 

gange 

0000000 

0-5 

0.4900 

0.500 

oooooo 

0.580000 

0.46875 

0.461S 

0.464 

0.500 

0.516500 

0.4375 

0.4305 

0  450 

0.432 

0000 

0.454 

0.40635 

0  3938 

0  400 

0.400 

ooo 

0.425 

0. 409*^42 

0.375 

0.3625 

0.360 

O.Q3IS 

0.373 

00 

0.380 

0.364796 

0.34375 

0.3310 

0-330 

0.0447 

0.348 

0 

0.340 

0.324861 

0.3125 

0.3065 

0.305 

0.0578 

0.324 

I 

0.300 

0.289297 

0.38135 

0.2830 

0.285 

0.0710 

0.300 

2 

0.284 

0.257627 

0.365635 

0.262s 

0.265 

0.0843 

0.376 

3 

0  2S9 

0  229423 

0.35 

0  2437 

0.345 

0.0973 

0.353 

4 

0.3j8 

0.204307 

0.234375 

0.3253 

0.235 

o.iios 

0.233 

5 

0.220 

0. 181940 

0.2187s 

0. 2070 

0  20s 

0.1236 

0.313          1 

6 

0.203 

0.163023 

0.203125 

0.1920 

0.190 

0.1368 

0.192         1 

7 

0.180 

0.144285 

0. 187s 

•   0.1770 

0.175 

0.1500 

0.176 

8 

0.165 

0.128490 

0.17187s 

0.1620 

0.160 

0.1631 

0.160 

9 

0.148 

0.114423 

0.1562s 

0.1483 

0.145 

0.1763 

0.144 

10 

0.134 

0.101897 

0  140625 

0.1350 

0.130 

0.1894 

0.128 

XI 

0.120 

0.090742 

O.I2S 

0.1205 

0.II7S 

0.3026 

O.I  16 

13 

0.109 

0.080808 

0.109375 

o.ioss 

o.ios 

0.2158 

0.104 

13 

0.09S 

0.071962 

0.0937s 

0.091s 

0.0925 

0  2289 

0  092       1 

14 

0.083 

0.064084 

0.078135 

0.0800 

0.0806 

0.2421 

0.080 

IS 

0.072 

0.057068 

0.0703135 

0.0720 

0.070 

0.2553 

0.072 

i6 

0.065 

0  050821 

0.0625 

0.0625 

0.061 

0.3684 

0.064 

17 

0.058  ;  0.045257 

0.05625 

00540 

0.0525 

0.3816 

0.056 

i8 

0.049 1 0.040303 

o.os 

00475 

0.04s 

0.2947 

0.048 

19 

0.042  1  0.035890 

0.04375 

0.0410 

0.040 

0.3079 

0.040 

30 

o.o.v;  1  0  031961 

0.0375 

0.0348 

0.035 

0.3310 

0.036 

31 

0.032     0  028463 

0  O.M375 

0.03175 

0.031 

0..«42 

0.0i2 

23 

0.028 

0.025.146 

0.03125 

0.0286 

0.038 

0.3474 

0.028 

23 

0.025 

0.022572 

0.028125 

0.0258 

0.025 

0.360s 

0.021 

24 

0.022 

0.020101 

0.02s 

0.0230 

0  022s 

0  3737 

0.022 

2S 

o.oao 

0.017900 

0.021875 

0.0204 

0.020 

0.3868 

0.020 

26 

0.018 

0.015941 

0.01875 

o.oiSi 

0.018 

0.4000 

0.018     ; 

27 

0.016 

0.014195 

0  0171875 

0.0173 

0.017 

0.4132 

0.0164 

38 

0.014 

0.01 2641 

0.015625 

p. 0162 

0.016 

04263 

0.0148 

29 

0.013 

0.011257 

0.0140625 

0.0150 

o.ois 

04395 

0.01.16 

30 

0.012 

0.010035 

0.012s 

0.0140 

0.014 

0.4526 

0.0124 

31 

O.OIO 

0.008938 

0.010937s 

0.0132 

0.013 

O.46S8 

0.0116 

32 

0.009 

0.007950 

0.01015625 

0.0128 

0.013 

0.4790 

0.0108 

33 

0.008 

0.007080 

0.00937s 

0.0118 

O.OII 

0.4921 

0.0100 

34 

0.007 

0  oo6.?05 

0  00859.17s 

0.0104 

O.OIO 

0.5053 

0.0092 

35 

0.00s 

0  00561s 

0  0078125 

0  0095 

0.0095 

0.S184 

0.0064 

36 

0.004 

0  005000 

0.00703125 

0.0090 

0.009 

0..5316 

0.0076 

37 

0.004453 

0.006640625 

0.008s 

0.0085 

0.5448 

0.0068 

38 

0.00,^965 

0.00625 

0  0Q80 

0.008 

0.5579 

0.0060 

39 

[  0.00.VS31 

0.0075 

0.0075 

0.5711 

0.0052 

^        40 

1  0  003141 

0  0070 

0.007 

05843 

0.0048 

•  Now  the  American  Steel  and  Wire  Company.  j 

The  United  States  Standard  Gaucre  was  legalized  by  Act  of  Congress.  March  3,  1893, 
^s  a  sUndard  gauge  for  sheet  and  plate  iron  and  steel,  and  is  used  by  the  Custom-Houae 
>epartineDt  and  by  sheet-plate  and  tin-plate  manufacturers.  j 
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Table  XIV.    Weight,  Uocth  and  Strength  of  Steel  Wire 
Gauge  of  J.  A.  Roebling's  Sods  Compaoy 


Breaking- 

Nzmber. 
Roebkliag 
»age 

Diameter 
in 

Area 
sqin 

load  ia 
pounds  at 

rate  of 
100  000  lb 

Weight  in  pouads 

Number 

of  feet  in 

2  0oopoands 

Per  1 000 

ft 

Per  mile 

per  sqin 

MOOOO 

0.460 

0.166191 

16  619 

5S8.4 

2948 

3  582 

ooooo 

0.430 

0. 145^1 

1452a 

487.9 

2576 

4099 

OOQO 

0.394 

O.I3IJ04 

13  130 

407.6 

3  153 

4907 

ooo 

0.363 

0.103933 

ZO293 

345.8 

1826 

5783 

oo 

0.331 

0.0M049 

860s 

389.1 

1527 

6917 

o 

0.307 

0.074033 

7403 

248.7 

1313 

8041 

0.383 

0.062903 

6390 

3II.4 

I  X16 

9463 

o.a63 

0.054325 

5433 

183.5 

964 

10957 

0  244 

0.046760 

4676 

XS7.X 

«30 

12  730 

o.a^s 

0.039761 

3976 

133.6. 

70s 

14970 

o.ao7 

0.033654 

3365 

113. 1 

S97 

17687 

0.193 

O.0389S3 

2  895 

97.3 

SM 

20  559 

0.177 

0.034606 

3461 

83.7 

437 

24191 

6 

0.163 

0.030613 

3061 

69.3 

366 

38878 

9 

0.148 

0.017203 

1720 

S7.8 

305 

34600 

ID 

o.ijs 

0.014314 

1431 

48.1 

254 

41584 

II 

o.iao 

0.0II3T0 

II31 

38.0    ' 

301 

52631 

12 

0.105 

0.008659 

866 

39.1 

154 

68753 

13 

0.093 

0.006648 

66s 

33.3 

118 

89525 

14 

0.080 

0.005027 

503 

16.9 

89.3 

1X8  413 

IS 

0.073 

O.OQ407I 

407 

13.7 

73.3 

146198 

i6 

0.063 

0.003U7 

31a 

10.  S 

SS.3 

191  023 

17 

0.054 

0.003390 

339 

7.70 

40.6 

359909 

IS 

0.047 

0.00173s 

174 

S.83 

30.8 

343112 

19 

0.041 

0.001330 

133 

4.44 

23.4 

450856 

JO 

0.03s 

0.000963 

96 

3  23 

17.1 

618630 

Tte  table  was  calculated  on  a  bass  of  483.84  lb  per  cu  ft  for  steel  wire.    Iron  wire  is 

iv-  '^licbter. 
Thr  breaking  strengths  were  calculated  for  100  000  lb  per  sq  in  throughout,  simply 
"■  r>QireeieDce,  ao  that  the  breaking  strengths  per  square  inch  of  wires  of  any  strength 

"-.be  quickly  determined  by  multiplying  the  values  given  in  the  table  by  the  ratio 

^■'.tm  the  strength  per  square  inch  and  100  000.    Thus,  a  No.  15  wire,  with  a  strength 

P«T  vitiaxe  inch  of  150  000  pounds,  has  a  breaking  strength  of 

407X^^^^-610.5  lb. 
100  000 

I*  nasi  not  be  inferred  from  thb  table  that  steel  wire  invariably  has  a  strength  of 
!x>  30O  lb  per  sq  in.  As  a  matter  of  fact  its  strength  ranges  from  45  000  lb  per  sq  in  for 
hh,  «i«**H  wfae  to  orer  400000  lb  per  sq  in  for  hard  wire. 
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8.  Wire  Rope 

Kinds  of  Wire  Rope.  There  are  several  kinds  of  wole  rope  in  common 
use.  In  each  there  are  three  or  more  qualities  depending  on  the  kind  of  wire 
used  and  the  kind  of  core  about  which  the  strands  are  laid.  The  Trenton  Iron 
Company  lists  the  following: 

(x)  Haulage  or  Timnamiuion-Rope,  composed  of  six  strands  of  seven  wires 
each,  laid  about  a  hemp  core.  It  is  used  for  haulage,  transmission  of  power,  in 
places  where  surface-wear  is  of  chief  consideration  and  where  sheaves  of  sufficient 
diameter  may  be  used. 

(a)  Hoiating-Rope,  copiposed  of  six  strands  of  nineteen  wires  each.  It  is 
used  for  elevator  service,  shafts  and  derricks,  and  in  places  where  it  is  not  sub- 
ject to  abrasion  and  where  flexibility  is  of  chief  consideration. 

(a)  Seale  R6pe,  composed  of  six  strands  of  nineteen  wires  each,  the  inner 
coils  of  the  strands  being  of  finer  wire.  It  is  intermediate  in  flexibility  between 
the  first  and  second  kinds  of  rope. 

(4)  Non^Spinning  Hoisting-Rope,  having  eighteen  strands  of  seven  wires  each. 
Twelve  of  the  strands  arc  laid  in  reverse  direction  to  the  inner  six,  nukking 
it  well  adapted  for  hoisting  in  free  suspension  without  untwisting  and  turning 
the  load. 

(5)  Extra-Flexible  Hoisting-Rope,  having  eight  strands  of  nineteen  wires  each. 

(6)  Special  Flexible  Hoistiag-Rope,  having  six  strands  of  thirty-seven  wires 
each. 

(7)  Hawser-Rope  and  Flexible  Running-Rope,  haWng  six  strands  of  twelve 
galvanized  wires  each,  laid  about  a  hemp  core. 

(8)  Tiller-Rope,  composed  of  six  small  seven-strand  ropes  laid  about  a  hemp 
core.  It  is  the  most  flexible  of  wire  ropes  and  is  used  to  operate  tillers  and  for 
hand-ropes  in  elevators. 

The  Lay  of  Wire  Rope  is  the  twist  of  the  wires  in  the  strands  relatively  to 
the  strands  in  the  rope.  In  the  ordinary  lay  the  twist  of  the  strands  is  the 
reverse  of  that  of  the  wires,  wWle  in  the  Lano  lay  the  strands  are  laid  in  the 
same  direction  as  the  twist  of  the  wires.  This  latter  gives  a  greater  distribution 
of  the  wearing-surface  and  a  somewhat  greater  flexibility;  but  it  has  the  dis- 
advantage of  a  tendency  to  untwist  and  for  this  reason  should  not  be  used  for 
hoisting  weights  in  free  suspension.  Wire  rope  is  also  made  up  in  flat  or  rib- 
bon form.  For  large  sizes  it  is  more  flexible  than  standard  rope  and  may  be 
run  over  smaller  drums. 

Materials  for  Rope.  Nearly  all  of  the  above  kinds  of  rope  are  made  up  in 
the  following  materials: 

(z)  Best  Grade  of  Wrought  Iron.  This  is  used  in  high-speed  passenger- 
elevator  service  as  it  seems  to  suffer  less  from  the  effects  of  the  stresses  due 
to  the  starting  and  stopping  of  the  cars. 

(a)  Cast-Steel  Wire,  with  an  ultimate  strength  of  from  160  000  to  2x0  000  lb 
per  sq  in,  according  to  the  size  used. 

(3)  Extra-Strong  Cast-Steel  Wire,  with  an  ultimate  strength  of  from  190  000 
to  230  000  lb  per  sq  in. 

(4)  Blow-Steel  Wire  with  an  ultimate  strength  of  from  200  000  to  230  000  lb 
per  sq  in. 

Ordinary  galvanized-wire  rope  should  not  be  used  for  other  than  standing 
rope.    A  short  service  running  through  sheaves  will  break  the  coating  and  permit 
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Table  XV.    Strength  of  Wire  Rope 
Ammged  from  the  zgia  list  of  John  A.  Roebling's  Sons  Company 


1 

Trade 

Diameter 

Weight 
per  foot. 

Approximate  brealdng- 
load  in  pounds 

Minimum  diameter  of 

drum  or  sheave 

in  feet 

asmber 

inches 

hemp 

core 

In» 

Cast  Steel 

Iron 

Cast  steel 

HOISTING-ROPE 

Six  strands  of  nineteen  wires  each,  about  a  hemp  core 

I 

2V4 

8.C0 

144000 

266  000 

14 

9       _ 

2 

2 

6.30 

1X0  COO 

212000 

12 

8       ♦ 

2^ 

i"« 

5  S5 

100  000 

192000 

12 

8 

3 

1^4 

4.8S 

88  000 

170000 

II 

7 

4 

1% 

4. IS 

76000 

144000 

10 

6.5 

5 

i\^ 

zss 

66  000 

128  000 

9 

6 

SV^ 

1% 

3 

56000 

112  000 

8.5 

5.5 

6 

iM 

2.4S 

45600 

94000 

75 

S 

7 

1% 

2 

37200 

76000 

7 

45 

8 

I 

I.S8 

29000 

60  000 

6 

4 

9 

% 

1.20 

23600 

46000 

SS 

3.S 

lO 

V« 

0.89 

17000 

35000 

4.5 

3 

loVi 

% 

0.62 

12  000 

25  000 

4 

a. 5 

lo^i 

%« 

o.so 

9400 

20000 

35 

2.25 

io»4 

Va 

0.39 

7800 

16800 

3 

2 

loa 

T4« 

0.30 

S8oo 

13000 

2.75 

1-75 

lob 

% 

0.22 

4800 

9600 

2.25 

IS 

STANDING  ROPE 

Sixstr 

II 

1% 

3.SS 

64000 

126000 

16 

II 

u 

1% 

3 

56000 

106000 

15 

10 

13 

*f? 

a.4S 

46000 

92000 

13 

9 

u 

1% 

a 

38000 

74000 

12 

8 

IS 

I 

1.S8 

30000 

62000 

10.5 

7 

x6 

% 

1.20 

24000 

48000 

9 

6 

17 

M 

0.89 

17600 

37200 

75 

S 

x8 

i%e 

0.7S 

14  600 

30800 

7.25 

4.75 

19 

% 

0.62 

12000 

26000 

7 

4. SO 

ao 

%• 

0.50 

9600 

20  000 

6 

4 

1      n 

y% 

0.39 

7400 

IS  400 

5S 

35 

22 

-'A^ 

0.30 

S20O 

11  000 

4.S 

3 

Q 

% 

0.22 

4400 

9200 

4 

2.75 

'        24 

%• 

O.IS 

3400 

7000 

35 

2.25 

1    "• 

%a 

0.I2S 

2400 

5000 

3 

1. 75 

The  working  load  is  to  be  taken  at  one-fifth  the  breaking-load.    This  is  assumed  in 
cakafeOnig  the  diameter  of  the  sheaves. 
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rapid  corrosion  of  the  rope.  Because  of  the  many  kinds  and  qualities  of  rope 
it  is  well  to  consult  the  manufacturers  as  to  which  kind  will  best  suit  the  condi- 
tions for  any  particular  service.  The  John  A.  Roebling's  Sons  Company,  Tren- 
ton, N.  J.,  the  Trenton  Iron  Company,  Trenton,  N.  J.,  and  A.  Leschen  &  Sons 
Rope  Company,  St.  Louis,  Mo.,  are  among  the  largest  manufacturers  of  full 
lines  of  ropes. 

i  Coils.  Wire  rope  should  not  be  coiled  like  hemp  rope,  and  in  order  to  avoid 
kinking,  should  be  taken  from  the  reeb  without  twisting.  If  it  is  not  shipped  on 
a  reel,  to  avoid  injury  it  must  be  rolled  over  the  ground  like  a  wheel. 

Lttbrication.  It  is  very  important  that  running  ropes  be  properly  lubri- 
cated, since,  if  proper  care  is  not  taken,  the  wear  on  the  interior  parts,  between 
the  wires,  may  be  almost  as  great  as  the  outside  abrasion.  The  oil  should  pene- 
trate to  the  core  of  the  rope  and  yet  not  drip  off  a  few  days  after  application. 
Information  as  to  the  care  of  rope  may  be  obtained  of  the  Wire  Rope  Lubrica- 
tiiJg  Company,  Newark,  N.  J. 

Sheaves.  The  size  of  sheaves  recommended  in  the  tables  are  calculated  for 
a  working-load  of  one-fifth  the  given  breaking-load.  If  smaller  sheaves  are  used 
the  life  of  the  rope  will  be  greatly  shortened,  because  of  the  excessive  bending 
of  the  outer  wires. 


Table  XVI.    Galvanized,  Steel-Wir«  Strands 

For  guys,  signal-cords,  troUey-linc  span  wire.  etc.    Taken  Irom  the 
Trenton  Iron  Company's  full  list 


Diameter  in 
inches 

List-price  per 
xoofeet 

Weight  per  100 
feet 

Approximate 

breaking-load 

in  pounds 

% 

$7.25 

80 

14  000 

^U 

5. 75 

65 

II  000 

H 

4. SO 

Sa 

8500 

''An 

3.75 

41 

6500 

% 

a. 75 

30 

Sooo 

•^ia 

3.25 

33 

3800 

V4 

1.7S 

13 

2J0O 

Va2 

I. SO 

9V2 

1800 

M« 

1.25 

7V.. 

1400 

%ti 

1.15 

5V:s 

900 

Vx 

1.00 

3Vi 

600 

%a 

.80 

2 

400 

f.  Cotton,  Hemp  and  Manila  Rope 

Rope  is  made  of  cotton,  hemp,  and  Manila  fiber.  Cotton  is  used  for  small 
sizes,  only,  and  for  such  purposes  as  sash-cord,  etc. 

Manufacture.  In  the  manufacture  of  rope  the  fiber  is  first  spun  into  yarm. 
From  twenty  to  eighty  threads  are  twisted  together  into  strands  and  the 
strands,  three  or  four,  are  laid  together,  opposite  in  direction  to  the  twist  in 
the  strands,  but  in  the  same  direction  as  the  threads.  This  causes  the  fibers 
to  be  twisted  as  the  rope  untwists  and  produces  a  balancing  of  forces  that  tends 
to  keep  the  rope  in  shape. 

Cables  and  HawserSware  made  up  of  strands  of  rope. 
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Rope  used  for  Hoisting  wears  rapidly  from  the  action  of  the  pulleys  and 
also  from  the  bending  which  causes  a  slight  internal  motion  between  the  fibers 
lad  a  ciiafing  and  grinding  away  of  the  interior. 

Stevedore-Rope,  of  the  C.  W.  Hunt  Company,  is  fiUed  with  a  tallow  and 
plumbago  lubricant  which  decreases  the  internal  friction,  lubricates  the  outside 
ol  the  rope  and  thus  greatly  prolongs  its  life. 

Strength.  The  values  of  the  strength  of  new  rope,  g^ven  in  Table  XVH,  are 
taken  from  the  Specifications  of  the  United  States  Navy  Department,  issued 
in  June,  19x0,  at  the  Boston  Navy- Yard.  Manufactuxis  generally  adopt  these 
sixes  and  weights  and  claim  a  strength  equal  to  or  a  little  greater  than  the  values 
gi^ren.  The  unit  strength  for  the  different  sizes  varies,  being  about  14  000  lb 
per  sq  in  for  the  smaller  and  about  10  000  for  the  largest  size.  The  approx- 
imate fbnnula,  offered  by  C.  W.  Hunt,  of  720  times  the  square  of  the  drcum- 
ferenoe  in  inches,  is  equivalent  to  about  9  000  lb  per  sq  in.  American  hemp, 
tarred,  has  about  5%  greater  strength  than  Manila  rope  of  the  same  size.  The 
navy  specifications  give  for  two-strand  American-hemp  rope,  85%  of  the  strength 
of  the  three-strand  rope  of  the  same  material. 

Table  ZVn.    Strength  and  Weight  of  Rope 
Sped6catioas  of  the  United  States  Navy,  June.  1910 


Diameters 
in 

M^njl^  hemp,  plain4aid 

American  hemp,  tarred, 
plain-laid,  three  strands 

(erances 

va 

Weights 
lb  per  ft 

Breaking- 
loads 
lb 

Wrights 
lb  per  ft 

Breaking- 
loads 
lb           ' 

1 

^4 

X 

iV4 

3 

2Vi 
2Vli 
2% 
3 

3^4 
3^ 
3% 

4 

4% 
S 

7 

8 

I           9 
10 

0.24 
0.3a 

0.40 
0.48 
0.S6 
0.64 

0.72 
0.80 
0.87 
0.95 

1.03 
X.16 
1. 19 
1.27 

z.43 
1.S9 
1.7S 
1.90 

3.23 
3-34 

3.87 
3.14 

0.02 
0.033 

0.05 
0.083 

O.IO 

0.14 

0.17 
0.21 
0.36 
0.30s 

0.36 
0.42 
0.47 
0.S4 

0.67 
C.83 

x.oo 

I.2I 

1.63 
2.17 

2.70 
3.33 

700 
1000 

1800 
3500 
3000 
4000 

5000 
5500 
6600 
7800 

9200 
10500 

12  200 
13700 

17400 
31800 
27700 
31000 

36300     / 

47  300 
60  000 
74300 

0.051 
0.06 

0.067 
0.0B3 

O.IQS 

0.16 

0.21 
0.26 
0.32 
0.37 

0.44 
0.51 
0.S9 
0.67 

750 
1060 

1670 
2  340 
332s 
3955 

4730 
5  770 
7000 
8400 

9800 
11  200 
13000 
14550 

ManBa-hemp  rope  is  made  in  three  straiuls  and  in  sizes  up  to  3  in  in  circumference; 
foot  stzaDds  arc  used  for  sizes  larger  than  3  in  in  circumference,^.^^^  ^  GoOqIc 
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Working  Load.  The  working  load  for  slow-speed  derrick  and  hoisting- 
service  is  usually  taken  at  one-seventh  the  breaking-load.  This  makes  some 
allowance  for  the  loss  of  strength  at  splices  and  connections.  The  deterioration 
of  rope  exposed  to  the  weather  is  very  rapid.  For  Manila  roix  from  i  to  i%  in 
in  diameter,  running  over  sheaves  of  the  diameters  given,  C.  W.  Hunt  in  Trans. 
Am.  Soc.  M.  £.,  Vol.  XXIII,  gives  a  table  embodying  approximately  the  fol- 
lowing results  of  experience: 


Table  XVlii.    Working  Loads  for  Manila  Rope 

Working  load  ->  C  X  breaking-load  of  new  rope 

D  «  minimum  diameter  of  sheave  ip  inches 


Speed 

Feet  per 
niinnte 

Kind  of  work 

Value  of 
C 

D  for  rope  of 
diameter  of 

I  in 

i<}4in 

Slow 

Medium... 
Rapid 

so  to  100 
ISO  to  300 
40oto8oo 

Derrick,  crane,  quarry,  etc. 
Wharf,  cargo,  etc. 

0.014 
0.0S6 

0.028 

8 

12 

40 

14 
i8 
70 

The  wear  in  such  service  is  very  rapid,  a  i%-tn  rope  wearing  out  in  lifting  from 
7  ooo  to  zoooo  tons  of  coal.  On  the  other  hand,  a  iV^-in  transmission-rope 
running  at  5  000  ft  per  min  and  carrying  i  000  horse-power  over  sheaves  5  ft 
and  17  ft  in  diameter,  lasts  for  years,  the  difference  being  due  to  the  smaller 
stress  and  larger  sheaves. 


It.   Chains 

Manufacture.  Chains  are  made  by  hand-welding  from  best  wrought-iron 
bar.  The  bending  and  welding  reduce  the  strength  so  that  the  chain  is  not 
twice  but  only  from  1.55  to  1.70  times  as  strong  as  the  original  bar  from  which 
it  was  made.  Stud-chain  having  a  bar  welded  across  each  link  to  stiffen  it 
and  prevent  fouling  in  handling,  is  not  as  strong  as  open-link  chain.  G.  A. 
Goodenough,  in  a  Bulletin  from  the  Illinois  Engineering  Experiment-Station 
fiuids  that  the  stud-chain  will  support  a  greater  load  at  the  elastic  limit  of  the 
material.  If  P  is  the  load,  d  the  diameter  of  the  bar  and  5  the  stress,  the  form* 
ulas  are: 

P  -  0.5  rf*5  for  the  stud-chain,  and 

P  -■  0.4  d^S  for  the  open-link  chain. 

Proof -Tests.  A  proof -test  is  applied  to  chains  by  the  manufacturers.  The 
load  applied  is  one-half  the  average  breaking-load.  It  serves  to  detect  bad 
welds  and  gives  a  chain  a  slight  permanent  set,  so  that  for  working  loads  there- 
after there  will  be  little  stretching  of  the  chain.  The  ordinary  working  load 
should  not  be  greater  than  one-third  the  breaking-load. 

Care  of  Chains.  Chams  in  constant  use  require  lubrication  and  frequent 
annealing.  They  harden  in  service  and  are  liable  to  unexpected  failure  if  not 
annealed.  It  is  recommended  that  hoisting-chains  and  sling-chains  be  annealed 
at  least  once  a  year.  It  is  also  very  important  that  the  ordinary  safe  working 
STRESS  be  not  exceeded. 
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Itbte  ZIX.    Sum, 


Chains 

I,  Wdighta,  Proof-Testi  and  Averafe  Bnaking-] 
Chaisa 
Btadke  aod  Company,  Phfladdphia 


4(M 
for 


Approxi- 
mate 
weight 
per  foot 

D.B.G.  special  crane 

Crane 

chaias 

is 

Proof-test 
lb 

Average 
breaking- 
load 
lb 

Proof-test 
lb 

Average 
breaking- 
load 
lb 

% 

H 

H 

I 
1^ 

iH 

2 

% 
1% 
2.5 
41 

6.2 

8.4 

lo.s 
13.6 

i6 
192 
23 
a8 

31 
35 

•       40 

1932 
4186 
7728 
1x914 

17388 
22484 
29568 
37576 

46200 
55748 
66526 
74382 

82320 
94360 
107520 
121240 

3864 
8372 
15456 
23828 

34776 
44968 
59136 
75152 

92400 
111496 
133056 
148764 

164640 
188720 
215040 
242480 

1680 
3640 
6720 
10360 

15  120 
20440 
26880 
34160 

42000 
50680 
60480 

3.160 
7280 
13440 
20720 

30240 
40880 
53760 
68320 

84000 
loi  360 
120960 

TV  specifications  of  the  United  States  Navy  Department  require  the  same  proof -tesl 
»  B  ipven  above  for  crane-chatn  and  a  breaking-strength  10%  greater  than  that  giver 
•'7sDeual  crane<hain. 

Table  ZX.    Proof-Tests  and  Average  Breakinc-Loads  for  Studded  Chain- 
Cables 

Specifications  of  the  United  States  Navy  Department       • 


i«jeof 
cable 

Proof-test 
lb 

Average 
breaking- 
load 

Size  of 
cable 

Proof-test 
lb 

Average 
breaking- 
load 

in 

lb 

in 

lb 

I 

34607 

67526 

!»%« 

130202 

225687 

iVh 

43812 

82686 

2 

138739 

239732 

iV« 

54194 

100630 

2He 

147544 

254223 

iHa 

59  784 

109771 

2V6 

• 

156622 

269160 

iH 

65  574 

XI93S5 

2V4 

175591 

300373 

iX\€ 

71672 

129385 

2Vi 

216779 

368153 

i¥t 

78041 

139861 

2% 

238995 

404719 

i»i« 

84678 

150783 

2^4 

262302 

443069 

i^ 

91588 

162  152 

2% 

286692 

483203 

1% 

106222 

186  22S 

3 

312  16s 

525  121 

1% 

121937 

312188 

3M1 

339x02 

567823 

yGoogk 


410       Resistance  to  Tension.    Properties  of  Iron  and  Steel     Cbap. 

Strength  of  Old  Iron.  A  square  link  xa  in  broad,  i  in  thick,  and  ab 
12  ft  long  was  taken  from  the  Kieff  Bridge,  then  forty  years  old,  and  testcc. 
comparison  with  a  similar  link  which  had  been  preserved  in  the  stock-house  si 
the  bridge  was  built.  The  following  is  a  record  of  a  mean  of  four  longitudi 
test-pieces,  x  by  iH  by  8  in,  taken  from  each  link. 


Table  ZXI.    Strength  of  Old  Chain-Linki^ 

Old  link  from 
bridge 

New  link  fro 

Tensile  strength  per  sq  in,  tons 

21.8 
IX. X 

14.05 
17.35 

23    2 

Elastic  limit  per  sq  in,  tons 

11.9 
18.42 

Elongation,  per  cent 

Contraction,  per  cent , , 

18   75 

*  TakcQ  from  the  Mechanical  Workl,  London. 
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CHAPTER  Xn 

EESISTANOB  TO  SHE4K-   lUYETED  JOINT^^. 
PmS  AND  BOLTS 

By 
HERMAN  CLAUDE  BERRY 

?l£lfCSSO&  OF  MATERIALS  OF  CONSTKUCnON,  UNIYERSITY  OV  PENNSYLVANIA 

1.  Shear 

Shmi  is  the  internal  stress  in  a,  body  which  resists  the  tendeqcy  of  two  adja- 
cs!it  parts  to  slide  on  each  other,  due  to  the  action  of  two  equal  and  parallel 
mernal  forces,  called  shearing- 
rjtds,  actinc  on  opposite  sides 
d  the  plane  of  shear. 

If  the  piece  abed  of  Fig.  1  repre- 
sents a  short  simple  beam  Qf 
brittle  material  on  which  a  suffi- 
cient load  is  applied,  it  will  fail  in 
•xtncAL  shear  at  /  and  g,  as 
UDTn,  by  a  sliding  on  the  sections 
•i  ibe  beam  at  these  points,  be- 
au^ the  upward  force  of  the 
makm  at  S  apd  the  downward 

kjra  of  the  load  adjacent  to  5,  pig.  i.    Shearing-faauie  of  B«am 

ipin^  which  it  acts  across  the 

sectioa  at  5,  is  greater  than  the  total  shearing  resistance  of  the  section. 
S^ear  is  present  oyer  the  eQtire  length  of  the  beam,  and  at  any  section  is  equal 
tL  the  feactioQ  at  5  minus  the  weight  of  the  load  between  the  reaction  ^nd  the 
tcctioo  in  question.  In  geaerat,  the  vertical  shear  at  any  section  of  a  beam 
fi^jecud  to  vertiail  loads  is  equal  to  the  algebraic  sum  of  all  the  vertical  forces 

acting  on  the  beam  on  either  side  of 
the  section. 

Single  and  Double  Shear.    A 
rivet   connecting   two   bars   under 
F||.  1    t^r^ii^  p{  Siiwie  Shear  tension  (Fig.  2)  is  subjected  to  a 

shearing-stress.  If  one  section  of 
tk  rivet  transmits  the  force  the  riyet  is  said  (o  be  in  single  shear;  if  (wo 
s^oioo^  it  is  in  double  shear. 

Distrilmtion  of  Shear.    Shear  is  considered  to  be  univoiucly  distributed 
orer  the  section  e^tcept  in  cases  of  torsion  and  of  complex  stresses. 
For  the  ordinary  cases  of  shear  in  rivets,  etc.,  if 

St  -  the  allowable  unit  stress  in  shear, 
A  *  the  area  under  stress, 
3^  P  -  the  safe  shearing-load; 

tbcn  P'AS,  (i) 

TIm  Ultiaata  Strength  in  Shear  has  been  determined  for  building  materials 
by  testing  suitably  prepared  specimens  and  dividing  the  msTimum  load  ob^ 
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served  by  the  area  under  stress.  For  material  like  wood,  in  which  there  are 
planes  of  weakness,  tests  must  be  made  which  take  these  into  account.  The 
direction  of  the  force  with  respect  to  these  planes  must  be  considered  in  choos- 
ing the  SAFE  WORKING  STRESS  from  the  tables. 

Safe  Working  Stresses  in  Shear.    Table  I  gives  safe  working  stresses 
in  SHEAR  for  those  building  materiab  usually  subjected  to  such  stresses. 


Table  I.    Safe  Working  Stress  in  Shear  for  BuUding  Materials 


Material 


Safe  stress  in  lb  per 

SQ 

in 

3000 

7SO0 

10  000  (average) 

With  the 

Across  the 

grain 

grain 

aoo 

xooo 

100 

Soo 

ISO 

I  2SO 

IJO 

I  000 

130 

900 

40 

27s 

so 

330 

Cast  iron  (New  York) 

Wrought  iron 

Steel,  bolts,  rivets 

White  oak 

White  pine 

Long-leaf  yellow  pine. 
Short-leaf  yellow  pine. 

Douglas  fir 

Hemlock  (New  York). 
Spruce  (New  York)... 


Shear  in  Wooden  Tie-Beams.  There  are  a  few  cases  in  architectural  con- 
struct'on  in  which  the  weakness  of  wood  in  shear  must  be  provided  for.    The 

one  most  frequently  arising  is  the 
framing  of  the  end  of  the  tie- 
beams  in  wooden  trusses. 

Fig.  3  was  made  from  a 
photograph  of  a  shearing- 
failure  of  a  tie-beam  from  the 
thrust  of  the  rafter. 

Horizontal    Shear    in 

Wooden  Beams.    Failure  like 

that    shown    in   Fig.    1    rarely 

occurs  in  wood;   but  rectangular 

Fig.  3.    Shearing-failure  m  Wood  wooden  beams,    the    length    of 

which    is   less  than   about   twenty   times  the  depth,  are  liable   to   fail  by 

HORIZONTAL  SHEAR  along  the  middle,  under  about  the  same  loads  that  cause 

the  allowable  working  stresses  in  bending. 

Shear  at  the  End  of  a  Tie-Beam.  In  the  case  of  the  truss- joint  (Fig.  4), 
the  thrust  S  of  the  rafter  tends  to  shear  off  the  part  A  BCD  along  the  plane  of 
which  CD  is  the  trace.  This  area  under  stress  must  offer  a  shearing  resist- 
ance equal  to  the  horizontal  component  H  of  the  thrust  5.  The  width  of  the 
beam  6,  being  fixed,  formula  (i)  gives 

H-'iCDx  b)  Ss  or    CD  -  H/bSs 

The  shear  being  in  the  same  direction  as  the  grain  of  the  wood,  the  lower  value 
in  Table  I  must  be  used.  * 
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z  (Fig.  4).  The  horizontal  component  of  the  thnut  of  a  rafter  is 
to  GOO  lb.  The  long-leaf  yellow  pine  tie-beam  is  zo  in  wide.  How  far 
sboukl  the  beam  extend  beyond  the 
point  Z>? 


In  this  case  ff  *  20  ooo 
From  Table  I,  S»  -  150  lb  per 

30  000 

94  in.     Then  CD  -  ziZTTZZ  "*  ^3-3 


h. 


10  X  ISO 
in  and   should  be  made  at   least 
13%  in. 

As  actually  constructed  a  large 
part  of  the  thrust  is  generally  taken 
up  by  a  bolt  or  strap  at  the  foot  oA 
the  rafter  to  hold  it  in  place.    As 

the  bolt  and  shoulder  seldom  act  together,  either  the  length  CD  on  the  tie>beam 
should  be  made  long  enough  to  resist  the  entire  thrust,  or  the  bolt  or  strap 
<if5igDed  to  do  so  without  relying  on  the  shearing  resistance  in  the  plane  of  CD. 
The  design  of  such  joints  is  more  fully  considered  under  Subdivision  4.  pages 
4-29  to  439  of  this  chapter. 

2.  Riveted  Joints 

Use  of  Rivets.  Rivets  ahnost  exclusively  are  used  in  connecting  the  plates 
and  shapes  which  make  up  the  members  of  framed  steel  construction. 

Rivet-Definitions.  A  rivet  is  a  piece  of  cylindrical  rod  with  a  head  forged 
on  one  end  and  usually  with  a  slight  taper  at  the  other  end  of  the  shank.  The 
grip  (Table  IV)  of  the  rivet  is  the  length  betweeen  the  under  sides  of  the  heads 
after  driving,  or  the  thickness  of  the  parts  joined.  The  length  (Table  IV)  of 
tbe  rivet  is  equal  to  the  grip  plus  enough  of  the  stock  to  form  a  head,  and  is 
measured  from  the  end  of  the  shank  to  the  imder  surface  of  the  head.  The 
DUMEiEK  OP  iHE  SHANK  of  a  rivet  is  made  equal  to  its  nominal  diameter, 

but  rivets  are  driven  into  holes 
/^'^  y^  %  in  larger  in  diameter  and 

upset  by  the  driving  so  as  to 
completely  fill  the  holes.  The 
shearing  values  and  bearing 
values  are  based  upon  the 
NOMINAL  AREA  and  not  upon 
the  area  of  the  hole. 

Riveting  consists  in  heating 
the  rivet  to  a  welding-heat, 
passing  it  throtigh  holes  in  the 
parts  to  be  joined  and  forging 
another  head  out  of  the  pro- 
jecting shank.  This  may  be 
done  by  hand-hammering;  but 


SB 


TY 


Fig.  5.    Fonns  of  Rivet-heads 


shops  use  compressed-air-operated  hand-hammers  or  large  riveting-machines 
vhich  form  the  head  and  cause  the  shank  to  completely  fill  the  hole  by  heavy 
pressure  on  a  die. 

Msterisl  of  Rivets.  Rivets  are  made  of  soft  steel  and  of  wrought  iron. 
Rivet-sted  is  generally  used.  The  head  may  have  any  of  the  forms  shown  in 
Fig.  5,  although  the  first,  called  the  bxttton-head,  is  the  standard  for  structural 
work.  The  fourth  or  countersunk  head  is  used  where  it  is  necessary  to  have 
a  flat  suiface,  as  over  a  bearing-Vi^te. 
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Tlie  Sizes  of  Rivet-Heads  differ  slightly  at  different  mills.  The  Standards 
o!  the  American  Bridge  Company  give  for  the  DiAMEtER  of  the  head,  one  and 
one-half  times  the  diameter  of  the  shank  plus  M  in,  and  for  the  HEiGRt  of  the 
head,  0.425  times  the  diameter  of  the  head.  Countersunk  heads  have  a  SLOPE 
of  30°  and  a  depth  equal  to  one-half  the  diameter  of  the  shank. 

The  Pitch  of  Rivets.  By  this  is  meant  the  center-to-center  distance 
between  them  in  a  line  of  riveting.  The  distance  between  lines  of  rivets^  or 
from  the  back  of  an  angle  or  channel  to  a  rivet-line  is  called  the  gauge-dxs- 
TAKCE.  By  STAGGERED  PfiCH  IS  meant  the  anangement  <A  rivets  midway 
between  others  on  successive  rivet-lines  in  order  to  decrease  the  sectimi  less 
than  when  they  are  arranged  in  rectangular  rows,  and  at  the  same  time  to  place 
a  greater  number  of  rivets  in  a  definite  area.  The  vtTca  should  not  be  made 
less  than  three  diameters  of  the  rivet  and  the  distance  ntOK  tse  edg£  of  the 
plate  not  less  than  one  and  one-half  diameters,  although  k  may  be  necessary 
to  make  the  distance  less  when  small  angles  are  used.  The  pitch  of  counter- 
sunk  rivets  must  be  greater  than  that  of  button-head  rivets  because  of  the 
greater  amount  of  material  removed. 

Punching  Rivet-Holes.  Rivet-holes  are  made  with  power-punches.  The 
SPACING  is  marked  on  the  different  parts  to  be  fastened  together  by  means  of 
wooden  templates  with  holes  driHed  to  kxaXt  the  position  of  the  rivets.  When 
the  different  parts  are  assembled,  the  holes  are  laid  out  by  the  same  template- 
register,  so  that  the  rivets  may  be  inserted  without  difficulty.  Punching 
makes  a  ragged  hole.  The  flow  of  the  metal  under  the  great  pressure  hardens 
it  and  causes  a  loss  in  strength  of  Jrom  11  to  33%  as  reported  by  \V.  C.  Unwin 
for  soft  steel.  The  injury  may  beVemoved  by  annealing  or  by  reaving  away 
the  injured  part  of  the  metal.  Enlarging  a  %-rn.  hole  by  reaming  to  iH  in 
lias  been  found  to  remove  all  the  injurious  effects  of  punching.  One  method 
practiced  in  the  best  work  is  to  punch  the  holes  M«  in  less  in  diameter  than  the 
(fiameter  of  the  rivets,  and  to  ream  them  to  a  diameter  Vie  in  greater,  after  the 
parts  are  assembled  and  bolted  tagether.  This  removes  the  greater  part  of 
the  injury  from  punciiing  and  corrects  the  alinement  of  the  holes.  (See  . 
Table  XI,  page  400,  and  Table  I,  page  702.) 

Drift-Pins.  When  the  alinement  of  a  hole  is  such  as  to  prevent  the  insertion 
of  tiie  rivet,  it  is  the  practice  in  some  shops  to  drive  in  a  tapered  dript-pin  and 
distort  the  holes  in  some  of  the  plates  sufficiently  to  set  the  rivet.  This  causes 
U)cal  strxsscs  and  injury  to  the  plates  and  should  not  be  permitted. 

Shop-Rivetiflg  Is  done  with  powerful  air  or  hydraulic  riveting-machines 
wlikh  nmy  exert  a  imssiire  of  from  30  to  50  tons,  sufficient  to  opaei  a  perfect 
iwad  on  tJic  piojectiag  end  of  the  shank  and  to  completely  hll  the  hole  even 
though  the  aUaesnent  is  faaperfect.  Contraction  on  cooling  causes  great  pres- 
sure lietwecn  Uie  parts»  so  that  it  is  probable  that  in  good  work  the  rivet  is  under 
'  little  et  no  shearing-stiess>,  the  force  being  transmitted  through  the  frictional 
rasistaBce  o£  tlie  pklea, 

Clesnusee.  It  is  important  that  the  designer  place  the  rivets  so  they  may 
be  inserted  from  one  side  and  pomided  on  the  other  for  hand-work,  or  so  that 
the  machine  may  reach  them  for  machinc-rtveted  work.  For  example,  the 
minimum  distance  from  the  inside  face  of  the  leg  of  one  angle  to  a  line  of  rivets 
in  the  other  leg  mast  not  be  less  than  t%  in  for  %'m  rivet^  x  in  for  9&-in  rivets, 
etc.  In  genend,  a  distance  %  m  greater  than  the  diameter  of  the  head  should 
lie  aUowvd  fer  clearance. 

Inspection.  The  common  imperfections  in  riveting  are  loose  rivets  and 
eccentric  heads.    Loose  rivets  may  be  detected  by  holding  the  hand  against 
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one  Me  of  the  rivet-head  and  tftppinf  the  other  side  with  a  ]ighi  huomet, 
H  loose,  a  slight  slip  OAy  be  felt.  The  loose  rivets  should  be  marked  to  be  cut 
(Hit  and  replaced.  The  inspector  should  also  carefully  check  open  holes  left 
far  field-oonnections,  and  see  that  flattened  and  countersunk  rivets  are  as  called 
far,  because  such  work  may  be  done  at  less  expense  in  the  shop  than  in  the 
£dd,  where  it  may  cause  delay. 

The  Paflnre  of  Riveted  Joints  may  occur 

(k)  In  TENSION,  by  the  tearing  of  the  plate  through  the  line  of  rivets  (Fig.  8). 

(2)  In  SHEAR,  by  the  cutting  of  the  rivets  (Fig.  7). 

(j)  In  BEAKiNG,  by  the  crushing  of  the  plate  in  front  of  the  rivets,  the  split- 
ting of  the  plate,  or,  in  some  cases,  by  the  shearing  out  of  the  sections  in  front 
of  the  rivets.  In  a  careful  design  of  a  joint  the  strength  against  failure  by  each 
of  these  methods  must  be  investigated  (Fig.  6  and  Fig.  9). 


i 


Fig:  6 


Pig.  7  Fig.  8 

Figs.  6  to  9.    Methods  of  Failure  in  Riveted  Joints 


IT 


Fig.  0 


The  Steps  in  the  Design  of  any  type  of  riveted  Joint  are,  (i)  the  selec- 
tion of  the  size  of  the  rivet  to  be  used,  (2)  the  determination  of  its  shearing 
sod  bearing  strength  and  the  use  of  the  smaller  value  of  the  two  to  divide  into 
the  total  load  to  be  transmitted  and  thus  determine  the  number  of  rivets, 
C5)  the  arrangement  of  the  rivets  in  the  plate  and  the  investigation  of  its  strength 
in  tensioa  at  the  dangerous  section. 

The  Size  of  Rivets  is  determined  in  part  by  shop-practice.  Holes  can- 
not be  punched  in  plates  which  are  thicker  than  the  diameter  of  the  punch. 
Tbe  foUowing  table  gives  the  size  of  rivets  used  with  plates  of  different  thickness. 
Some  specifications  for  structural  work  require  all  rivets  to  be  94  in,  except 
where  thick  plates  require  hirger  ones. 


Thickness  of  plates 

Size  of  rivets 

%to%«   in 

%in 

Hto%     in 

%in 

iV4»to»%«in 

%in 

%toi      in 

lin 

Tables  II  and  HI  give  the  shearing  and  bearing  values  for  different  sizes 
of  rivets  in  plates  of  different  thickness  for  two  values  of  working  stresses  each; 
shear  at  7  500  and  10  000  lb  per  sq  in  and  bearing  at  15  000  and  18  000  lb  per 
sq  in.  Values  for  higher  stresses  can  be  figured  by  proportion  from  these  tables. 
The  lower  stresses  should  be  used  with  wrought  iron  or  in  parts  subjected  to 
live  kads;  the  higher  stresses  where  only  constant  or  dead  loads  are  present. 
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The  SBBASiNG  VALUS  Is  eqoal  to  the  area  of  the  rivet  multiplied  by  the  wocking 
stress;  the  bearing  value  is  equal  to  the  area  of  the  projected  surface  under 
pressure  multiplied  by  the  working  stress  in  bearing,  or,  if 

/  i*  the  thickness  of  the  plate; 

d  M  the  diameter  of  the  rivet; 
and  56  -  the  working  stress  in  bearing; 

then  the  bearing  value    P  »  dlSb  (2) 

The  Shearing  and  Bearing  Values  may  be  taken  directly  from  the  tables, 
and  if  a  rivet  is  in  double  shear,  twice  the  quantity  in  the  table  is  to  be  used  for 
its  SHEARING  VALUE.  Quantities  above  the  heavy  broken  lines  are  bearing 
VALUES  greater  than  the  values  in  single  shear,  so  that  for  these  conditions,  the 
number  of  rivets  necessary  in  a  joint  required  to  transmit  a  certain  load  is 
determined  by  dividing  the  load  by  the  value  in  single  shear.  If  rivets  are  in, 
double  shear,  the  number  of  rivets  required  is  found  by  dividing  the  load  by  the 

BEARING  VALUE. 

Rivet-Proportions.  •  The  following  diagrams  show  various  rivet-proportions» 
including  the  dimensions  of  shanks  and  of  finished  and  countersunk  heads: 


-»*- 


Al. 


V« 


FINISHED  HEADS  COUNTERSUNK  HEADS 

DUunhead-mdlamof 
abank**-  H*depUi  of  head 
■  %,dlam  of  Jiead 

*  These  proportions  vaiy  slightly  at  different  mills  and  in  different  handbooks. 


Depth  of  bead  -  Vx  diam  of 
shank.  Bevol  of  hoad  -  60" 


y  Google 
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Conventioiul  Signs  for  Rivetiiig.    The  following  diagrams  show  some 
anvcDtiooal  signs  for  riveting: 


Two  Full  Heads 


Coantersiiiik  Inside  (Farside)  and  Chipped 


Comitersvnk  Ootside  (llearside)  and  Chipped 


Coimtersnnk  hoth  Sides  and  Chipped 


Shop  Field 

o« 

0® 

an 


Inside        Outside 
(Fassidb)    (Neasside) 


Both  Sides 


flett«i&ed  to  v%  ^  ^sh  or  Couater- 
snak  and  not  Chipped 


Flattened  to  y^  in  high 


Flattened  9/^  in  Ugh 


•TUs  system,  designed  by  F.  C.  Osbom»  has  for  its  foundation  a  diagonal  cross 
to  repfesent  a  countersink,  a  blackened  circle  for  a  field-rivet  and  a  diagonal 
itrake  lor  a  flattened  head.  The  position  of  the  cross  with  respect  to  the  circle, 
made,  outside,  or  on  both  sides,  indicates  the  location  of  the  countersink;  and 
scnhrly,  the  number  and  position  of  the  diagonal  strokes  indicate  the  height 
acd  positk>n  of  the  flattened  heads.  Any  combination  of  field,  countersunk 
and  flattened-head  rivets  liable  to  be  used  may  be  readily  indicated  by  the 
proper  combination  of  the  above  signs. 
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Table  IV.     Length  of  Field-RiTets  for  Varioos  Oript.     Length  of  RiTet-Shan 
to  Form  Head 

American  Bridge  Company  Standard.    Dimensions  in  Inches 
,k-arip,a^  rt-Qrip.a—^  \^-^rip.b-*i  r»— Grip,  6 »^ 
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6^ 

6H 

6»4 

5 

6% 

6% 

7 

7% 

7y4 

s 

6V^ 

6y4 

6y4 

6y4 

6-»8 

% 

7% 

7V4 

7% 

H 

m 

6% 

6Vj 

U 

7^4 

7^y» 

7y2 

y4 

6V^ 

6Vt 

6^'s 

% 

7% 

7% 

7% 

% 

m^ 

6% 

6^^. 

Vi 

7% 

7^4 

7% 

Vt 

6% 

6V8 

7 

«?& 

7H 

7^-6 

8 

% 

7 

7 

7^s 

a4 

7Vi» 

8 

9^<H 

% 

7H 

7H 

7'» 

Vs 

....  1 

8 

8% 

8V4 

i% 

7y4 

7y4 

7«s 

For  weight  of  rivets,  see  page  144a. 
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Vue  of  RiTeted  Joints.  Riveted  joints  are  used  in  buikiing-constniction 
(i)  in  tie-bar  splices,  (2)  in  floor-beam  connections,  (3)  in  the  joints  of  trusses, 
U)  in  riveted  girders^  and  (5)  in  column-connections. 


Ox 


Fig.  10.    Lap-joint 


1 


c 


o..r^ 


T. 


t± 


Fig.  11.    Butt-joint  with  Single  Cover-plate 


Sfiiong  of  Tie-Bars.  Tie-bars  may  be  spliced  by  a  lap-joint  (Fig.  10); 
hy  a  BUTT-JOINT  with  a  single  cover-plate  (Fig.  11);  or  by  a  butt-jolnt 
with    two     cover-plates     (Fig. 


12). 

The  Butt-joint  is  synamet- 
rical  and  more  efficient  than 
the  others  because  of  the  absence 
of  any  tendency  to  bend  when 
Boder  a  load.  The  net  area  of 
the  cover-plates  at  the  section 
through  the  rivets  at  the  end  of 
the  main  plate  must  be  equal  to 


CX-Cy 


^yxy 


Fig.  12.    Butt-joint  with  Two  Cover-pUtes 


the  net  area  of  the  main  plate  through  the  rivets  at  the  end  of  the  cover-plate. 
Fig.  14  shows  a  better  arrangement  of  rivets  than  that  in  Fig.  13,  because  less 
area  is  removed  at  the  critical  section  of  the  cover-plates.  In  some  cases  it 
,  may  be  necessary  to  make  the 

aggregate  thickness  of  the  cover- 
plates  greater  than  the  thickness 
of  the  main  plates. 

A  joint  with  one  line  of  rivets 
is  said  to  be  single-riveted, 
one  with  two  lines  double- 
biveted,  and  one  with  more 
than  two  lines,  chain-riveted. 


o       010       o  ^ 

o       o     I     o       o 

o       o       ojo       o       o 

o       o  o       o 

o       olo       o 

Joint  I 


Tig.lZ.  Cover-plate.  Six  Rivets  at  Critical  Section 


Sample  a.  It  is  required  \o  determine  the  number  of  rivets  in  the  splice 
(rf  a  12  by  V4-in  tie-bar  which  is  subject  to  a  tensile  force  of  65  000  lb. 

SolBtioa.  Assuming  that  the  load  is  constant,  the  stresses  in  Table  III  may 
be  used.  Assuming,  also,  a  lap-joint  like  that  in  Fig.  15,  and  %-in  rivets,  the 
vahie  in  shear  of  one  rivet  is  found  to 

be  4  420  lb  and   the  bearing  value    ^ ^       — —       v^ \ 

against  a  %-in  pUte,  6  740  lb.    The      ^  ^^00100-^         ; 

aomber  of  rivets  is  determined  by  the 

shear  to  be  equal  to  65  000  divided  by 

4  420,  or  fifteen.    Since  sixteen  rivets 

are  required    to   complete    a    figure 

saaBer  but  similar  in  arrangement  to 

that  shown  in  Fig.  15,  this  niunber  is 

ised.    Tbefe  is  some  latitude  possible  in  the  spacing  of  the  rivets,  but  with  a 

width  of  12  in,  the  horizontal  gauge-lines  are  placed  1V3  in  apart  for  symmetry. 

If  the  pitch  F,  as  shown  in  Fig.  15,  is  required  to  be  three  times  the  diameter. 

of  the  xivet,  this  diagonal  pitch  acroas  the  rivet-spadng  must  be  a. 25  in,  or 
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graater.    The  length  of  the  bomontal  or  third  nde  of  the  rifht-angled  triangle, 
having  an  hypotenuse  of  2.35  in  and  a  vertical  altitude  of  1.5  ioi  is  (.68  in, 

which  requires  that  this  distance 
£  D  C   B  A  ED,  etc.,  be  1.75  in,  if  measured 

j    I     I     i    !  in  multiples  of  V4  in. 


Floor-Beam    Connections. 

The  two  following  examples  il- 
lustrate common  types  of  floor- 
beam  connections. 
Example  3.    It  is  required  to 


^  0  O  ^^^  I     determine  Uie  number  of  %-in 

rivets  to  connect  a  lo-in  25 -lb 


Rivet-fpadng  in  Covcr-pUtc '  ^  ^^«*™  supporting  24  000  lb  to 

a  15-in  42-lb  I  beam,  using  a 
shearing-stress  of  zo  000  lb  per  sq  in  and  a  bearing-stress  of  z8  000  lb 
per  sq  in. 

Solution.  From  the  table  of  properties  of  standard  I  beams,  pages  454-5.  the 
thickness  of  the  web  of  the  lo-in  25-lb  beam  is  found  to  be  0.31  in,  say  ^a  in, 
and  of  the  xj-in  42-lb  beam,  0.41  in,  say  Me  in.  Referring  to  Table  III,  page 
419,  the  bearing  values  for  a  %-in  rivet  for  these  thicknesses  of  webs  arc  re- 
spectively 4  a  10  lb  and  5  890  lb.  The  shearing  value  of  the  rivet  is  4  420  lb. 
The  rivets  in  the  lo-in  beam  are  in  double  shear;  hence  the  bearing  value  gov- 
erns. The  number  of  rivets,  then,  is  12  000,  the  end-reaction,  divided  by  4  210, 
or  3.  For  the  15-in  beam  the  shearing  value  is  less,  and  the  number  of  rivets 
required  is  12000  divided  by  4420,  or  3.  Hence  two  standard  connection- 
angles,  6  by  4  by  %  in  and  5  in  long,  may  be  used.  Each  has  three  holes  in  one 
leg  and  two  in  the  other.  The  leg  with  three  holes  is  placed  on  the  lo-in  beam 
with  the  rivets  in  double  shear,  and  the  leg  with  two  holes  is  connected  to  the 
15-in  beam;  thus,  in  the  latter  case  there  are  four  rivets  where  only  three  are 
required  for  strength.  They  are  driven  in  the  field  during  the  erection  of  the 
structure  and  the  working  stress  is  accordingly  made  less  in  most  specifications 
because  of  the  better  work  possible  with  the  heavy  machines  used  in  shop-work, 
than  with  the  tools  available  in  the  field. 

Example  4*  It  is  required  to  determine  the  number  of  %-in  rivets  in  a 
4  by  4  by  H-in  angle-bracket  attached  to  an  i8-in  ss-lb  beam  and  support- 
ing a  10  by  i2-in  wooden  beam  on  which  there  is  a  load  of  18  000  lb. 

Solution.  The  rivets  are  in  single  shear  with  a  shearing-resistance  of  4  420  lb, 
taken  from  Table  III.  The  thickness  of  the  web  of  the  I  beam  is  Tio  In,  giving 
a  bearing  value  of  5  890  lb.  Dividing  9  000  lb,  the  end-reaction,  by  4  4 so  lb, 
the  controlling  value,  we  find  that  two  rivets  are  insufficient.  The  bracket  may 
be  fastened  with  three  94-in  rivets  with  a  spacing  of  4  in.  Two  H-in  riveta 
are  sufficient  to  hold  the  bracket. 

Rivets  in  Plate  Girders.  The  methods  of  determining  the  rivets  in  plate 
and  box  girders  are  given  in  Chapter  XX. 

Bending  Stress  iif  Rivets.  While  the  bbndiko  STacNOTH  of  fins  at  the 
joints  of  articulated  trusses  is  always  investigated,  this  is  never  done  in  the 
case  of  arvETS.  A  hot  rivet  properly  driven  is,  when  cold,  under  a  tensile 
stress  which  is  nearly  equal  to  the  elastic  limit  of  the  material.  This  causes 
great  pressure  between  the  plates  and  a  consequent  frictional  resistance  to 
movement,  which,  under  the  usual  conditions,  equals  the  allowed  sheariug-forcc 
on  the  rivet;  and  so,  \mtU  an  initial  slip  occurs,  thero  can  be  no  bcnding 
sraatsgg  in  the  rivet*    In  the  case  of  very  long  rivets  driven  in  holes  where 
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tlfecre  Is  an  imperfect  aliaement  of  the  plates  and  a  consequent  difficulty  in 
making  the  rivets  fill  the  holes  completely,  it  is  not  probable  that  any  large 
bending  stresses  can  occur  in  the  rivets  of  a  structure.  This  has  been  avoided 
in  a  few  structures  for  which  long  taper  rivets  were  specified  to  be  used  in 
holes  Ry.AifF.D  with  tapered  reamers,  thus  insuring  a  perfect  filling  of  the  holes. 
Wortdiig  StrMS#s.  Tables  II  and  HI  ara  based  on  stresses  which  approx- 
imate those  used  in  the  best  practice.  Table  II  is  used  for  the  few  structures 
inade  of  wrought  iron  and  for  those  places  in  steel  structures  that  are  subject 
to  severe  conditions  of  service,  as  in  the  floor-systems  gi  bridges.  Table  III 
is  used  for  ordinary  structural  work  made  under  the  conditions  governing  in 
modem  shop-practice.  For  comparison,  the  following  stresses  taken  from  the 
5pecifications  of  Theodore  Cooper  for  Steel  Railroad  Bridges  and  Steel  Highway 
Bridges  are  given: 


Specification  for 

Allowable  stresses  on  rivets,  lb  per  sq  in 

Bearing 

Shear 

Sleel  railroad  bridges 
Steel  highway  biidses 

Z5  000  (xa  000  on  floors) 

22  soo  for  laterals 

x8  ooo  (i4  400  on  floor- 

27  000  for  laterals 

9  000  (7  200  on  floors) 

13  $00  for  laterals 

10  000  (S  000  on  floor- 

14  ooo  for  laterals 

Rivets  driven  in  the  field  are  allowed  two-thirds  the  value  of  shop-driven  rivets. 


S.  Strength  of  Pint  in  Trusses* 

Tnifls-Pins.  In  the  design  of  the  puts  at  the  joints  of  trusses  the  stresses  in 
SHEAR,  BEARING  FLEXURE  or  BENDING  must  be  investigated. 

The  Shearing-Force  at  any  section  of  the  pin  is  tfie  algebraic  sum  of  all 
the  forces  acting  on  the  pin  on  either  side  of  the  section.  The  stress  is  considered 
to  be  uniformly  distributed  over  the  cross-section  of  the  pin.  When  the  forces 
do  not  act  in  the  same  plane  they  must  be  resolved  into  vertical  and  horizontal 
components  and  the  resultant  of  these  components  taken  as  the  shear  at  any 
desired  section.  This  may  be  done  by  the  principles  of  graphic  statics,  or 
by  TRIGONOMETRICAL  and  ALGEBRAICAL  METHODS,  the  graphic  method  being, 
for  sooie,  the  more  rapid. 

The  Bearing  Area  on  the  pin  is  taken  as  the  projection  of  the  area  of 
ooNTAcr,  the  area  of  this  projection  being  equal  to  the  diameter  of  the  pin 
multiplied  by  the  thickness  of  the  plate.  The  bearing  is  assumed  to  be  uni- 
fonnly  distributed;  hence  for  any  load  the  intensity  of  the  pressure  may  be 
decreased  by  increasuig  the  thickness  of  the  plate  or  the  diameter  of  the  pin. 

The  Bending  Moments  on  the  pin  may  be  found  by  the  principle  of 
MOMENTS  or  by  methods  involving  the  principles  of  graphic  statics  explained 
in  Chapter  IX  in  finding  the  bending  moments  of  beams.  The  forces  are  con- 
sidered to  be  concentrated  at  the  middle  of  the  bearing-plates.  If  they  do  not 
Ee  in  a  plane  with  the  pin  they  must  be  resolved  into  their  vertical  and  hori- 

*  Staoe  the  introduction  of  roUed-steel  shapes  and  riveted  joints,  pin-joiats  for  trusses 
Bk  bufldingH  have  fallen  into  disuse.  The  general  principles  of  their  design,  howavec,  are 
gnrcn  oere« 
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zontai  components  and  these  component  forces  in  the  two  planes  treated  sepa- 
rately. The  resultants  in  both  planes  at  any  section  may  be  combined  and  a 
single  resultant  force  acting  on  the  section  obtained,  and  also  the  consequent 
stresses  due  to  it. 


Table  V.    Shearing  and  Bearing  Values  of  Pins  for  One-Inch  Thickness 
of  Plate,  in  Pounds  per  Square  Inch 


Diam- 
eter of 

Area  of 

Bearing 
value  at 

Single 
shear  7500 

Diam- 
eter of 

Ar«aof 

Bearing 
value  at 

Single 
shear  7500 

pin, 

pin. 

12  000  lb 

Ibpcrsqin. 

pin. 

pin. 

12  coo  lb 

lb  per  sqin. 

in 

sqin 

per  sq  in. 
lb 

lb 

in 

sqin 

per  sq  in, 
lb 

tons 

I 

0.78s 

12000 

S890 

4 

12.57 

48000 

47.0 

i^ 

0.994 

13500 

7  455 

4H 

13.36 

49500 

50.1 

iVi 

1.227 

15000 

9202 

4V4 

14.19 

51  000 

53  2 

I^H 

1.48s 

16500 

II  132 

A% 

15.03 

52500 

S6.3 

I^i 

1.767 

18000 

13252 

4^4 

IS  90 

54000 

59  6 

1% 

2.074 

I9S00 

15  555 

4% 

16.80 

55SOO 

63.0 

1% 

2  40s 

21  000 

18037 

4'^4 

17.72 

57000 

66.3    : 

l'^ 

2.760 

22500 

20707 

4Vi. 

18.67 

58500 

70.0      ; 

2 

3  142 

24000 

23565 

5 

19  64 

60  000 

73.6 

2% 

3.547 

25  500 

26600 

S% 

20.63 

61  500 

77  3 

2Va 

3.976 

27000 

29820 

sVi 

21.6s 

63000 

81.2 

2% 

4.430 

28500 

33225 

5% 

22  69 

64500 

85. 1 

2\k 

4.909 

30000 

36817 

sv^ 

23  76 

06  000 

89.1 

2% 

5-412 

31S00 

40590 

^k 

248s 

67500 

93  2 

2% 

5. 940 

33000 

44550 

5% 

25. 97 

69000 

97  3 

2% 

6.492 

34  500 

48690 
tons 

^^ 

27.11 

70500 

lOI.I 

3 

7.069 

36JOOO 

26.5 

6 

28.27 

72000 

106 

3V^ 

7.670 

37  SCO 

28.7 

6% 

29  46 

73500 

no 

3V4 

8.296 

39  000 

31  0 

6V4 

30.68 

75000 

115 

M 

8.946 

40500 

335 

6% 

31.9a 

76500 

119 

3V4 

9.621 

42000 

36.0 

6V1 

33  18 

78000 

124     1 

3% 

10.32 

43  500 

387 

&^k 

34.47 

79500 

139 

3% 

II. OS 

45000 

41  4 

6^i 

35  79 

81  000 

134 

3% 

11  79 

46500 

44  2 

6% 

37.12 

83500 

139 

In  the  Method  of  Moments  a  section  is  taken  at  each  force  in  succession 
and  the  moment  of  the  forces  about  a  point  in  the  section  found,  due  consider- 
ation being  given  to  the  direc- 
tion of  turning.    This  is  done 
at  each  force  on  one  side  of  the 
pin,  if  the  bars  are  arranged 
symmetrically,  and  in  both  the 
vertical  and  horizontal  planes. 
Inspection  of  the  results  will 
usually  indicate  which  section 
the   horixontal   and   vertical 
by   using  the  formula 


! 

il  . 

s 

40.000 

IXi" 

i 

1      , 

1  ^  - 

1X4''-40.UUU 

} 

1 

Vsvx.. 

yj    r*"' 

1          • 

l«V-«.(«> 

i 

L. 

«,«0U 

l\i'^ 

1.   1 

I 


Fig.  16.    Pin-joint 

has  the  grbatest  resultant   icoment   when 

components.  H  and  V,  are  combined.    This  is  done 

R*"  H*-^  V*  since,  graphically,  the  resultant  ^  is  the  diagonal  of  the  rectangle 
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Tilile  VI.    Mudmiiin  Bendinc  Moments  in  Inch-Poands  to  be  Allowed 
Fiber-Stresses  of  is  ooo,  ao  ooo  and  aa  500 
Potinds  per  Sqnaxe  Inch 


OB  Kns  for  MsTJinwn  '. 


Diam- 

Moment 

Moment 

Moment 

Diam- 

Moment 

Moment 

iiaol 

forS- 

for5- 

for5- 

eter  of 

for5- 

for5  = 

forS  = 

Tin, 

15000 

aoooo 

33500 

pin. 

15000 

30  000 

33500 

:3 

in-lb 

in-lb 

in-lb 

in 

in-lb 

in-lb 

in-lb 

! 

1  470 

i960 

3  310 

4 

94  300 

135700 

141400 

iS 

3  100 

3800 

3140 

4% 

103400 

137800 

155000 

I^ 

a88o 

3830 

4310 

4V4 

113  000 

150700 

169600 

iH 

3«J0 

5  100 

S740 

4% 

133  300 

164400 

185000 

i^ 

4970 

6630 

7460 

4% 

134200 

178900 

301300 

rH 

6320 

8430 

9480 

4% 

145700 

194300 

3x8500 

:*i 

7890 

10500 

II  800 

4% 

157800 

310400 

336700 

1% 

9710 

13900 

14600 

4% 

170600 

337500 

255900 

2 

II  800 

15  700 

17700 

5 

184  100 

345  400 

376x00 

2H 

14  100 

18800 

31  300 

5% 

198  300 

364300 

397300 

2^4 

16800 

33400 

35  300 

5V4 

213  100 

384  100 

3i9<Soo 

A 

19700 

36300 

39600 

5% 

338700 

304900 

343000 

2^t 

33000 

30700 

34500 

5% 

345000 

336700 

367500 

** 

36600 

35  500 

40000 

S^ 

362  100 

349  500 

393100 

A 

30600 

40800 

45900 

5% 

280000 

373300 

419900 

i'5 

35  000 

46700 

52500 

5% 

398600 

398300 

447900 

i 

39800 

53000 

59600 

6 

318  100 

424x00 

477100 

iH 

44900 

59900 

67400     • 

6% 

338400 

451  200 

507  600 

3*4 

50600 

67400 

75800 

ey* 

359  500 

479400 

.  539300 

3% 

56600 

75500 

84900 

6% 

381500 

S08700 

572300 

3^ 

63100 

84300 

94700 

6^ 

404400 

539200 

606600 

IS 

1    70100 

93500 

105300 

6% 

438300 

570900 

643300 

i»* 

77700 

103500 

1x6  500 

6^4 

452900 

603900 

679400 

3'% 

85700 

114  300 

128500 

6% 

478500 

638000 

717800 

The  following  is  the  formula  for  flexure,  If  >-5//c,  with  the  reductions 
b:^  to  adspt  it  to  a  beam  of  cticular  section: 

M  -  5W3/32  -  SAd/B 

M  «>  the  moment  of  forces  for  any  section  through  the  pin; 
5  »  the  stieas  per  sq  in  in  extreme  fibers  of  pin  at  that  section; 
>l  >■  the  area  of  the  section; 

4  «  the  diameter;  ' 

T  -  3-X41S9. 

The  forces  sie  assumed  to  act  in  a  plane  passing  through  the  axis  of  the  pin. 

The  above  table  gives  the  values  of  If  for  different  diameters  of  pin,  and  for  three 
nhwofS. 

li  the  masdnmm  value  of  If  is  known,  an  inspection  of  the  table  will  show  what  the 
^Snaeber  of  the  pin  must  be  so  that  S  will  not  exceed  15  000.  ao  000,  or  93  500  lb,  as 
t^  zcqaireaseats  of  the  case  may  be. 


CQ  B  and  V.  Example  6  illustrates  the  method  for  the  coodition  of  incumed 
poicES  acting  on  the  pin.  In  Example  5  the  same  method  is  employed  to  deter- 
miae  the  aze  of  the  pin  in  a  simple  joint. 
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Bmnple  5.  It  is  required  te  detennine  tke  «ze  of  the  pin  for  the  joint  shown 
in  Fig.  16  in  the  lower  chord  of  a  steel  truss.  The  middle  bar  is  a  vertical  sus- 
pension-rod to  hold  the  chord  in  place. 

Solution.  Beginning  at  the  section  between  the  outer  bars,  the  algebnuc 
sum  of  the  forces  on  either  side  of  the  section  is  4oxx»  lb,  hence  this  is  the 
shear.  At  the  section  next  to  the  suspender  the  sum  is  zero;  therefore  there 
is  no  shear  at  the  middle  of  the  pin.  The  bearing  pressure  is  40  000  lb.  Its 
intensity  depends  on  the  diameter  <rf  the  pin  and  the  thickness  of  the  bars.  To 
find  the  bending  moment  on  the  pin  the  forces  are  considered  concentrated  at 
the  middle  of  the  bars  and  moments  taken  about  sections  through  the  forces. 
The  moment  at  the  section  through  the  second  bar  is  40  000  lb  X  i  in,  equal 
to  40  ooo  in4b.  if  moments  ate  taken  about  a  point  between  the  inner  forces 
the  same  result  is  obtained,  ^rom  Table  VI  it  is  found  that  a  2^-in  ptn  at 
30  000  lb  per  sq  in  is  sufficient.  From  Table  V  the  bearing  value  of  a  2%-in 
pin  !s  found  to  be  only  33  000  lb  at  a  sttess  of  12  000  lb  per  sq  in,  which  makes 
it  necessary  to  Increase  the  site  of  the  pin  to  3%  in.  The  shearing  value  of 
this  pin  is  67  000  lb.  In  this  case  the  diameter  of  the  pin  is  determined  by 
the  bearing-stress,  but  it  is  necessary  to  investigate  the  other  stresses  to  be 
sure  of  the  correct  size,  especially  in  case  of  heavy  biearing-plates. 

lending  Moments  on  Pint.  The  finding  of  the  bending  moiient  due  to 
the  forces  acting  on  a  pin  is  usually  the  most  difficult  part  of  the  work  of  deter- 
mining its  proper  size.  In  the  case  of  a  simple  pin,  properly  packed  and  Isring 
in  the  plane  of  the  forces  acting  on  It,  the  greatest  icohent  is  usuaUy  the  prod- 
uct obtained  by  multiplying  the  outer  force  by  the  central  distance  between 
the  outer  bars;  but  when  the  forces  act  in  several  planes  the  work  is  more 
complicated.  The  graphical  method  illustrated  in  the  solution  of  the  two 
following  etamples  has  some  advantages;  but  the  Uetslod  or  moments  applied 
at  the  end  of  the  solution  of  the  first  mample  is  equally  rapid  in  practiced 
hands  an4  capable  of  greater  refinement  in  the  results. 

Kamiile  6.  It  is  required  to  find  the  bending  moment  on  fne  pin  of  the 
joint,  one-half  of  which  as  shown  in  Fig.  17.  The  bars  are  each  x  in  thick, 
the  channel  of  the  vertical  member  \^  m  thick  and  the  center  of  the  hanger 
is  94  in  from  the  center  of  the  channel. 

Sdlutlon.  Since  the  joint  f  s  symmetrical  it  is  necessary  to  construct  but  one- 
half  of  the  force-diagram  and  equilibrium-polygon  which  really  apply  to 
the  joint.  Ftom  the  conditions  of  equilibrium  of  forces,  the  vertical  com- 
ponent of  the  inclined  force  is  upward,  and  equal  to  the  sum  of  the  downward 
forces,  34  000  lb;  and  its  horizontal  component  tets  with  the  60  ooo-lb  force, 
to  the  amount  of  17000  lb,  a  sufficient  amount  to  close  the  force-diagram. 
The  following  construction  is  special,  in  that  but  one-half  of  the  entire  graphical 
diagram  is*shown.  This  is  made  possible  because  of  the  S3rmmetry  of  the  joint, 
the  bending  moment  being  constant  over  the  middle  of  the  pin. 

In  the  diagram  (Fig.  IH)  AB  is  drawn  at  an  angle  of  45**  with  the  horizontal, 
and  commencing  at  c,  the  distances  arc  laid  off  to  scale  between  the  bars,  and 
the  lines  1-2,  2-3,  etc.,  drawn  par^lel  to  the  forces  they  represent  at  the  joint. 
The  oblique  force  is  resolved  into  its  components  1-4  and  1-5. 

The  stress-diagram  (Fig.  19)  is  drawn  as  folk)ws:  On  a  horizontal  line  tJie 
forces  are  laid  off  to  scale  in  the  order  they  occur  on  the  pin,  1-2,  2-3,  3-4  and 
4-1,  the  closing  of  the  diagram  being  a  check  on  the  correctness  of  the  value  of 
the  forces.  Beginning  at  i,  1-5,  5-6  and  6-1  are  laid  off  to  scale,  parallel  to 
the  tittca  in  the  vertical  plane.  From  i  the  line  1-0  is  drawn  at  an  angle  of 
4S^  for  vottTeniefice  in  making  good  intersections,  and  equal  to  a  convenient 
number,  say  20  000  lb,  in  the  same  scale  to  which  the  loads^arc  drawn.    The 
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pout  O  is  the  pde  of  the  stressKliagraiii,  the  pole-distance  being  bo  ooo  lb. 
From  the  pdndples  of  graphics  tbe  bending  moment  at  any  point  on  the  pin 
B  equal  to  the  intercept  between  the  proper  toy  of  the  equilibriom-polygon 
liid  the  cteaing  line,  multiplied  by  the  pole-distance.  To  complete  the  flguteB» 
0-2,  0-3  and  0-4  are  drawn  from  O,  and  froM  c  cdiA  (irawn  parallel  to  o-a,  it 
parallel  to  0-3,  ef  parallel  to  9-4  and  Jk  parallel  to  o-i.  In  the  same  way 
n  is  drawn  parallel  to  0-5,  st  to  0-6  and  tv  to  o-i.  Then  according  to  the 
above  principles*  the  moment  at  any  section  due  to  the  forces  in  the  horizontal 
pfaae  b  proportional  to  the  oirdinate  et  that  section  drawn  from  the  line  AB 
to  the  line  cdefk  bounding  the  equilibrium-polygon;  and  the  moments  due  to 
the  vertical  forces  are  propoitional  to  the  oMinates  drawn  to  the  Une  rstb,  the 
numerical  value  being  the  length  of  the  ordinate  times  00  oooy  the  pole-distance. 


Fig.  17 


Fig.  18 


<=r-^ 


Fig.  19 


Fig.  20 


Figs.  17  to  20.     Pin-joint  and  Moment-diagrams 


Where  both  moments  are  present,  the  resultant  or  true  moment  is  proportional 
to  the  l^potenuse  of  the  right-angled  triangle  having  for  its  sides  the  ordkiates 
in  the  two  planes  at  the  point  in  question.  At  X  this  is  shown  by  the  line  mn. 
Has  measures  2.42  in,  and  being  the  longest  diagonal  of  hypotenuse  that  can 
be  drawn  in  the  6gure,  it  follows  that  the  maximum  bending  moment  on  the 
pin  b  2.42  X  20  000  a  48  400  in-lb. 

To  find  the  effect  of  changing  the  arrangement  of  the  members  on  the  pin, 
it  may  be  assumed  that  the  inclined  bar  is  placed  outside  the  inner  chord-blr. 
The  horizontal  stress-diagram  then  becomes  1-2,  2-3,  3-4',  4-1.  The  equilib- 
rium-polygons become  cdefk'  and  r's'i'w,  as  shown  in  Fig.  20.  In  these  polygons 
the  loiigest  diagonal  measures  3%  in,  which  gives  a  bending  moment  «df  3H 
in X  20 000  Vbmfs 000  in-lb,  showing  that  the  arrangement  o<  the  eye-ban  in 
Fig.  17  m  better.    As  a  rule  the  bending  moment  is  less  when  ^pM  foctM  that 
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oppose  each  other  are  placed  together.    It  may  be  further  reduced  by  making 
the  outside  bar  one-half  the  thickness  of  the  main  horizontal  bars. 

To  check  by  the  method  of  moments  the  value  of  the  maximum  bending 
moment  obtained  by  the  graphic  method  for  the  first  arrangement,  the  mo- 
ments of  the  forces  in  the  horizontal  plane  are  taken  about  r.    This  gives 

Mh  "  38  500  lb  X  3.0  in  +  38  500  lb  X  1.0  in  -  60  000  lb  X  2.0  m 
■■  34  000  in-lb, 

which  is  the  value  of  the  moment  in  the  horizontal  plane  across  the  middle  of 
the  pin. 
In  the  vertical  plane  moments  are  taken  about  a  point  ^  giving 

Mv  «  34  000  lb  X  i-S  in  —  22  000  lb  X  0.75  in 
«  34  500  in-lb 

From  these  component  moments  the  resultant  maximum  bending  moment  is 


M  -  V34ooo»+34  5oo*  -  48  400  in-lb 

Bzample  7>    Another  illustration  of  the  graphical  method  of  finding  the 
bending  moment  on  a  pin  is  given  for  the  joint  A  of  the  truss-diagram  shown  in 


Fig.  22 


/ 
3            y' 

1                                    9 

■   %f' 

0 

Fig.  n      ,___ — 

^^__*/^«>:'^* 

A 

rig.  24 

Figs.  21  to  24.    Force-polygons  and  Equilibrium^polygons  for  Bending  Moments  on 

a  Pin 


Fig.  21.  Fig.  22  shows  the  arrangement  and  size  of  the  members.  The  stresses 
given  in  Fig.  2 1  are  for  one-half  the  number  of  members  at  the  joint.  As  in 
Example  6,  the  synunetrical  arrangement  makes  it  unnecessary  to  draw  more 
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than  one-half  of  the  force-polygon  and  equilibrium-polygon.    The  web  of  the 
diannel  is  reinforced  to  make  it  %  in  thick. 

Solatioo.  The  line  AB  (Fig.  24)  is  drawn  at  an  angle  of  45°  and  ah,  etc.,  are 
laid  off  to  scale,  equal  to  the  distances  between  the  members.  At  each  point 
of  application  of  a  force  a  line  is  drawn  parallel  and  to  scale,  to  represent  that 
force.  The  inclined  forces  are  then  resolved  into  their  horizontal  and  vertical 
components.  The  force-diagram  (Fig.  23)  is  then  drawn,  the  horizontal  forces 
bemg  laid  ofif  to  scale  in  the  order  in  which  they  occur,  1-2,  2-3,  3-4  and  4-x. 
The  pole-distance  is  then  laid  off  at  an  angle  of  45°  and  equal  to  20  000  lb  to 
the  same  scale  o(  forces.  The  pole  o  is  then  joined  with  2,  3,  4  and  i.  Then 
b  Fig.  24,  ab  is  drawn  parallel  to  0-2,  be  to  0-3,  cd  to  0-4  and  de  to  o-i.  In 
the  same  way  the  line  hjkB  is  drawn.  From  inspection  it  is  seen  that  hb  is  the 
longest  intercept,  even  longer  than  any  diagonal  that  may  be  drawn  from  the 
cxtxcmities  of  the  horizontal  and  vertical  intercepts  at  any  point  abng  AB. 
To  the  same  scale  that  makes  o-i  represent  20  000  lb,  hb  represents  31  800  in- lb; 
therefore  the  bending  moment  on  the  pin  is  31  800  in-lb.  In  Table  VI  a  pin 
i^s  in  in  diameter,  at  a  fiber-stress  of  20  000  lb  per  sq  in,  has  an  allowable 
moment  of  35  500  in-lb,  and  in  Table  V  a  bearing  value  on  i  in  of  31  500  lb. 
A  force  of  31  800  lb  on  %  in  is  equal  to  42  400  for  a  i-in  bar;  so  it  is  necessary 
to  use  a  larger  pin  to  accommodate  the  baring  requirement.  From  Table  V 
t  pio  $\^  in  in  diameter  is  found  to  be  necessary.  The  shearing  value  of  this 
pin  b  72  o(x>  lb  more  than  twice  the  load,  so,  again,  it  is  the  bearing  that  con- 
trols the  size  of  the  pin.  If  the  thickness  of  the  bars  is  increased  the  diameter 
of  the  pin  may  be  reduced  to  3  in. 

4.   Strength  of  Bolts  in  Wooden  Trusses  and  Girders 

The  Working  Stresses  for  Bolts  on  which  Table  VTI  and  Table  Vm  are 
OKaputed  are  based  on  a  rAcroR  of  safety  of  five  applied  to  the  average  of 
cany  tests  on  dry  timber.  In  some  specifications  it  is  permitted  to  increase  the 
BcjuuNC  PRESSURE  between  timber  and  bolts  as  much  as  50%  above  that  per- 
Bitted  for  short  struts.  The  values  in  the  tables  are  somewhat  less  than  the 
tests  on  large  trusses  made  at  the  Massachusetts  Institute  of  Technology,  in 
1S97,  would  indicate  as  safe  values.  These  were  reported  in  the  Engineering 
Record.  November  17,  1900.  Table  IX  gives  the  allowable  maximum  tension, 
diear  and  bending  moments  for  wrought-iron  and  steel  bolts. 

Kinds  of  Stress  in  Bolts.  Bolts  in  wooden  trusses  are  subject  to  the 
same  kinds  of  stress  as  the  rivets  and  pins  in  steel  structures.  When  the 
pieces  joined  are  less  than  2  in  thick  and  the  bolts  are  tightly  drawn  up  so  as 
to  develop  considerable  frictional  resistance  between  the  pieces,  the  bolts  are 
proportioned  to  resist  the  total  force  in  shear  and  in  bearing.  When  the 
pieces  are  more  than  2  in  thick  the  bending  is  taken  into  account  and  the  bolts 
must  be  investigated  for  stresses  in  shear,  in  bearing  and  in  bending.  The 
SHEAS,  is  assumed  to  be  uniformly  distributed  over  the  cross-section  of  the  bolt, 
and  the  bearing  area  is  the  area  of  the  projection  of  the  bolt  on  the  timber, 
which  area  is  equal  to  the  diameter  of  the  bolt  multiplied  by  the  length  in  con- 
tact. The  bearing  strength  is  given  as  a  property  of  the  bolt  although  its 
vahie  depends  upon  the  crushing  strength  of  the  timber.  The  bending  mo- 
ment on  the  bolt  b  found  in  the  same  manner  as  for  pins  in  steel  trusses, 
ahlwuigli  the  cases  are  usually  less  complicated. 

ninstrations  of  the  Use  of  Bolts.  The  principles  involved  in  the  use  of 
bolts  in  wooden  trusses  and  girders  and  in  the  use  of  the  tables  may  be  best 
illustrated  by  the  solution  of  examples  in  each  of  the  following  cases: 
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(i)  Bolts  in  tie^beasu*  thin  pieces. 

(2)  Bolts  in  girders  to  support  brackets. 

(3)  Bolts  as  pin»  in  the  joints  of  trusses. 

(4)  Bolt-and-strap  joints  in  trusses. 

(s)  Bolts  under  tension  to  hold  the  foot  of  a  rafter. 
(See,  also,  "  Joints  in  Wooden  Trusses,"  Qbapter  XXVIII,  pa«es  1149  to  1160. 

Gate  I.  Bolts  in  Tle-Beams,  Thin  Pieces.  Tie-beams  of  wooden  trusses, 
when  longer  than  30  ft,  are  usually  made  up  of  a  number  of  pieces.  This  con> 
struction  is  cheaper  than  the  use  of  a  single  stick.  Two-inch  planks  bolted 
together  are  generally  used.  The  location  of  the  joints  in  the  courses  of  planks 
and  the  ntmiber  and  size  of  the  bolts  are  the  special  considerations  in  the  design 
of  such  a  joint.  In  general,  the  joints  in  adjacent  courses  are  placed  as  far 
apart  as  possible  and  not  more  than  two  joints  are  placed  opposite  each  other 
m  the  same  section.  The  simplest  case  is  that  of  a  plain  fish-plate  joint  like 
a  common  qtttt-joint  with  two  cover-plates  as  shown  in  Fig.  12.  The  number 
of  bolts  for  such  a  joint  is  found  in  the  same  way  as  the  number  of  rivets  in 
steel  tie-bars.  The  bolts  must  be  spaced  as  required  in  the  second  column  under 
each  timber  in  Table  VII,  to  provide  against  shearing  in  front  of  the  bolt. 

Table  VII.*    Safe  Bearing  Value  of  Bolts  pw  Inch  of  Length  ParaUel  to 

the  Grain  in  Timber  and  Distance  from  Center  to  Center  of  Bolta 

or  to  Bnd  of  Timber 


Long4aaf 

yellow  pine 

White  pino 

and  short-leaf 
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Douglas  fir 

White  oak 
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lb  per 
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1650 

7% 
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6V4 

1% 
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8% 

I  650 
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m 
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10 
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aSoo 
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13 

2  400 

iiVi 
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9 
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•  475 
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2700 

12^ 
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10 
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i6V4 

3000 

14 

3S0O 

11% 

Ai 

3850 

15% 

302s 

x8 

3300 

X5V4 

3  850 

iaV4      1 

3 

4J00 

17 

3*» 

19 

3600 

17 

4aoo 

13H     1 

The 

twice  the 


from  the  end  is  equal  to  the  diameter  of  the  bolt  plus  the  length  on  which 
SBKAK  is  equal  to  the  pEAaxNO  value  of  the  bolt  against  the  eod-fiben. 


*  When  the  effect  of  the  inclined  surfaces  upon  the  unit  stresses  is  taken  into  account, 
the  formula  for  the  normal  intensity  of  stress  for  cylindrical  pins  or  bolts,  given  In  Chapter 
XXVm,  page  iX3ti  may  be  used.  This  formula  will  give  lower  values  than  those  of 
TaUeYU. 
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Onia  'm  Ti»b«r 


1      Diameter 
of  bolt. 

in 

Lons-leaf 

yellow  pine, 

lb 

Short-lea{ 

yellow  pine 

and  Douglas 

fir.  lb 

Whit«  pioor 
lb 

White  08k, 

lb 

% 

S62 

X87 

ISO 

375 

% 

306 

ail 

175 

437 

I 

350 

aso 

200 

500 

iH 
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a8i 

»s 

56a 

1% 

i37 

313 

2SO 

62S 

1% 

489 

J43 

375 

687 

i^ 

S2S 

375 

300 

750 

1% 

6m 

437 

350 

873 

2 

TOO 

500 

400 

1000 

T«ble  IX. 


lUzim«ai  AIlow«blo  T«f»i09*  f^hoor  ^M  Btiuliac  Moment  for 
Wroiicht^nm  «n4  Stf«l  Bolt» 


Net 

area, 

sq  in 

Wrought  iron 

Steel 

Diasa. 

eterqf 

bolt. 

in 

Tepiion 

at  12000 

lb  per 

sqin, 

lb 

Sbofu* 
at  7  500 
lb  per 
sqin. 
lb 

Bending 

moment 
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sqin, 

in-lb 

Tension 
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lb 

Shear 
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lb 
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lb  per 
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Jn-lb 

'        % 
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830 

^ 
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X 
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7850 
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I^ 
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iH 
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5  100 

i^ 
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1% 
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a 
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15700 

2V4 
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48370 
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3^ 
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59510 

49090 

30700 

2%a 

4.620 

55430 

44550 

30600 

73910 

59400 

40800 

3 

S.4a« 

65140 

S3  010 

39800 

86850 

70690 

53000 

3% 

6.510 

78120 

62  220 

50600 

! 

t04  160 

82960 

67400 

Sample  8.  A  typical  tie-bmoi  used  aft  4  lower  chord  of  &  Howe  tnus  ig 
^»vn  in  Fig.  25.  It  is  50  ft  long,  of  Douglas  fir  and  subject  to  the  tfpgjon  in 
tbe  different  paneb  shown  in  the  figure. 

"f'Tf**  The  thicknese  of  the  pUnk  is  drawn  out  of  scale  in  the  figure  to 
show  the  jointa  more  clearly.  The  black  circles  show  the  vertical  tension-rod*, 
which  90  nearly  cut  the  middle  plank  in  two  that  it  is  not  considered  a  port  of 
the  leowle  member.  The  arrangement  of  the  planks  and  the  lengths  to  he 
Hied  must  be  determined  lor  each  case.  In  the  one  shown  there  is  but  one 
^sfice  in  the  middle  panels  where  them  is  the  greatest  tension.    The  dbtance 
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XY  is  12  ft,  which  is  about  as  small  as  will  serve  for  the  transfer  of  the  tension 
from  A'  Xo  B.  In  this  beam  the  two  outer  planks,  A  and  A',  must  be  large 
enough  to  resist  the  whole  tensile  stress  in  the  middle  panels  because  of  the 
joints  in  B  and  C.  At  the  inner  end  of  the  second  panel  there  b  58  000  lb 
tension  which  must  be  carried  to  the  end  of  the  first  panel.    Because  of  the 
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Fig.  25.    PUn  of  Built-up  Tie-bemm 

joints  in  A  and  A*  this  must  be  transmitted  to  B  and  C  in  order  to  pass  the 
point  X. 

Assuming  that  29  000  lb,  one-half  the  tension,  is  carried  on  plank  A  to  be 
transmitted  to  C  by  the  shear  and  bearing  on  the  bolts,  and  dividing  this  by 
7  850  lb,  the  allowable  shear  on  a  x-in  bolt,  four  bolts  are  found  to  be  necessary. 
But  the  bearing  value  of  a  i-tn  bolt  in  Douglas  fir  2  in  thick,  is  only  2  400  lb, 
which  makes  twelve  bolts  necessary.  These  are  required  in  the  distance  XY^ 
12  ft. 

From  the  distances  in  Table  VII,  it  is  found  that  the  end-bolts  must  be  s^s  in! 
from  the  ends  of  the  planks,  say  6  in;  this  leaves  11  ft,  in  which  distance  eight! 
bolu  are  to  be  arranged.    If  four  bolts  are  placed  in  paira^  two  at  each  end,  as 


Fig.ae.    Elevation  of  Beam  Opponte  2  of  Fig.  25 

shown  in  Fig.  26,  the  intermediate  spaces  are  14H  in.  The  bolts  bind  the  beami 
together  better  if  they  are  staggered,  as  indicated  in  Fig.  28,  and  not  placed  oa 
the  middle  line. 

The  number  of  bolts  mentioned  is  sufficient  to  make  the  splice,  but  there 
should  be  bolts  in  the  distance  YY',  and  between  the  ends  and  X  and  X',  to 
bind  the  planks  together.  These  need  not  be  as  large  or  as  close  together  a^ 
the  others;  9i-in  bolts  spaced  2  ft  are  sufficient.  There  should  be  two  bok^ 
at  the  end  of  the  beam.  Each  bolt  should  be  driven  through  a  hole  of  the  same 
size  as  the  bolt  and  the  nuts  should  be  screwed  up  tight. 

Caie  n.  Bolts  in  Girders  to  Support  Brackets.  The  construction  shown 
in  Figs.  27  and  28  is  commonly  used  in  cases  in  which  the  requirements  do  not 
allow  the  girder  to  project  its  full  depth  below  the  joists.  The  bolts  shown  in 
Fig.  27  must  be  investigated  for  bearing  and  shear,  and  those  shown  in  Fi^.  2S 
for  BEARING,  SBEAR  and  BENDING.  In  either  case  the  shearing  VALtTB  of  the  bolt 
in  single  shear  must  equal  or  be  greater  than  the  greater  of  the  forces  Sot  S*. 

The  BEARING  per  inch  on  the  wood  of  the  girder,  when  Bum  inches^  is 
(5+50/5 
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This  must  be  kept  within  the  valu3s  given  in  Table  VII  for  the  timber  used. 
Far  the  case  shown  in  Fig.  28  the  bending  moicent  in  pound-inches  is 
Jf-5L/2    or    M^S'L/2 
wiikfaever  is  the  larger.    B  and  L  are  measured  in  inches  and  5  in  pounds. 


s 

•■'/■y'f''///// 
■'WA 

S' 

/ 

^ 

b-r.^ 

-,4^fe;^ 

Fig.  27 

Fig.  28 

Figs.  27  and  28.    Bolts  Supporting  Brackets  on  Girders 

de  9.  For  the  construction  shown  in  Fig.  27  it  is  required  to  determine 
the  number  and  size  of  bolts,  the  Douglas  fir  girder  being  8  by  14  in,  with  a 
span  of  14  ft,  and  the  Douglas  fir  joists  3  by  12  in,  with  a  span  of  20  ft,  center  to 
center  of  girders.  The  floor-load,  including  the  floor,  is  60  lb  per  sq  ft.  The 
vigfes  arc  4  by  3%  by  %  in. 

Solntkwi.  The  floor-area  supported  by  the  girder  is  14  by  20  ft.  At  60  lb 
per  sq  ft,  the  load  is  14  X  20  X  60 «  16  800  lb.  The  load  5,  on  one  side,  is 
8400  lb. 

A  ^-in  bolt  has  a  shearing-value  of  4  420  lb.  Hence  two  bolts  are  necessary 
to  satisfy  the  shearing  condition.  The  bearing  value  of  the  bolt  in  the  wood, 
across  the  grain,  is,  from  Table  VIII,  187  lb  per  inch  of  length,  or  i  496  lb  for 
the  width  of  the  girder.  The  number  of  bolts  required,  then,  is  16  800  divided 
by  1 496  or  a|H)rozimately  ix,  which  gives  a  spacing  of  about  15  in. 

SBunjile  xo.  In  the  construction  shown  in  Fig.  28,  the  girder  is  6  by  14  in,  of 
Doui^as  fir  and  has  a  span  of  12  ft.  The  joists  are  2  by  12  in  and  have  an  18- ft 
span,  center  to  center  of  girders.  The  floor-load  is  65  lb  per  sq  ft.  There  are 
3  by  4-ui  strips  on  the  sides  of  the  girder.  The  distance  L  is  3  m.  It  is  required 
to  find  the  number  and  size  of  bolts  to  be  used. 

Solvtion.    The  total  load  on  the  girder  is 

12x18x65  a  14 040  lb 
,5-7  020  lb 

The  bearing  load  per  inch  of  thickness  of  the  girder  is 


14040 


«•  2  340  lb 


The  bending  moment  on  one  side  of  the  girder  is 

7  020  X  3 

2 


I  10  530  in-!b 


soce  the  force  5  acts  at  the  center  of  pressure  on  the  bracket-strip,  xVi  in  from 
the  edge  of  the  girder. 

The  shear  is  7  020  lb,  which  requires  two  ?i-in  steel  bolts  at  4  420  lb  for  one 
as  given  la  Table  IX. 

The  bearing  (Table  VIII)  on  a  H-in  bolt  is  187  lb  per  inch  of  length;  therefore 
it  ceqimres  thirteen  bolts  for  bearing. 
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The  aBowable  bending  moment  on  a  ¥«-in  steel  bolt  is  850  in*Ib,  from  Table  DC. 
To  take  care  of  the  xo  530  in-lb  requires  thirteen  bolts.  A  %-in  steel  bolt  has 
an  allowable  bending  moment  of  i  310  Ib-in,  making  eight  of  them  sufficient. 
The  3  by  4-in  pieces  may  be  held  in  place  by  thirteen  91 -in  bolts  spaced  ti  in 
on  centers,  if  two  of  them  are  placed  6  in  from  the  ends. 
Caae  HL    Bolts  as  Pins  in   the   Joints  of  Trasses.    For   ties   or 

STitUTS  joined  by  bolts  in  the 
manner  indicated  in  Figs.  29, 
30  and  31  and  having  the 
tfaickiwss  B  exceeding  s  in, 
the  diameter  of  the  bolt  or 
the  number  of  bolts  mu.st  be 
computed  for  srearino,  bear- 
ing and  tLEXTTRE. 

For  any  of  these  joints  the 
forces  are  as  foDows: 
The  single  shear  «  S/2 

On  the  sections  between  B 
and  B'  (Fig.  30) 

The  bearing  on  the  pin  per 
inch  of  length  «  S/B  or  S'/B' 

The  pcater  is  to  be  used. 
The  bending  moment  •  SL/ti 

on  the  assumption  of  a  contin- 
uous BEAM,  uniformly  kiadcd. 
If  there  are  more  bolts  than 
one,  the  quantities   obtained 
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by  the  above  formulas  are  to  be  divided  by  the  number  of  bolts  to  find  the  part 
to  be  taken  care  of  by  one  bolt. 
In  Fig.  29,  J  b  the  horizontal  component  of  the  thrust  T. 

Btemyie  xt.  It  is  required  to  determine  the  diameter  of  a  bolt  for  a  joint 
like  that  shown  in  Fig.  20.  The 
rafter  is  6  by  10  in,  of  Douglas 
fir,  the  tie-beams  3  by  10  in,  of 
the  same  material,  the  thrust  fn 
the  rafter  30  000  lb,  and  its  incli- 
nation 30**. 

Soiation.  The  horizontal  com- 
ponent of  30  000  lb  at  30°  is  prac- 
tically  26  000  lb.  Then  5  *  26  ooo 
lb  and  the  shear »  13  000  lb. 
B  -  6  in  and  L  ■■  9  in. 

Bearing  per  inch  of  length  on  the  bolt  -  a6  000/6 
Bending  moment  >-  26  000  X  9/12  -  19  500  in-lb 

In  TiiWc  IX,  a  x%-in  steel  bolt  is  found  to  be  necessary  to  resist  a  shear  of 
13  000  lb,  and  a  aVi-in  bolt  for  a  bending  moment  of  19  500  in-lb.  To  resist 
4  333  'b  end-bearing  pressure  on  i  in  a  larger  bolt  is  required  than  Is  given  in 
Table  VTI.  Dividing  4  ss^  by  i  200,  the  allowable  bearing  on  Douglas  fir,  a 
3%-in  bok  is  found  to  be  necessary.  This  is  larger  than  it  is  desirable  to  \ise, 
ao  the  joint  must  be  redesigned  with  a  view  to  reduce  the  bearing  pressure  on 
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tk  boiL    IC  an  8  by  a-ia  strut  and  4  by  9^i|i  tie-beams  are  uied,  B  becomes 
s  ^  ai4  ^  X3  in.     This  gives 

BfiarioK  prepare  »  a6  ooq/S  «  3  230  lb  per  inch  ol  kactk  of  the  bolt 

Bftiriing  mogteot »  26  000  X  ia/13  ■«  a6  ooo  iix-lb 

1^  total  abear  at  the  section  on  one  side  of  the  strut  is  the  same  as  before. 

From  Table  VII  It  is  found  that  a  2%-in  bolt  is  large  enough  to  provide  for 
tk  bearing  and  that  a  3%-in  bolt  is  sufficient  for  the  bending  as  given  in  Table 
K.  Hence  if  an  8  by  8-m  strut  is  used,  there  must  be  a  a^-in  bolt  and 
the  (fistance  D  must  be  15^  in  (Table 

Sample  la.   For  the  same  construe-  *— 

t'a  IS  in  Fig.  29  and  the  same  con-  g^        , 

Jtjoos  as  in  the  first  part  of  Example  '»  ^*  1. 
:  I,  it  is  required  to  determine  the  size 

d  the  bolts  when  it  is  necessary  to  V  s<.  (     ^ 

Kthite.  ' j   ^V'    "V      i 

Saiacioii.     The  shear,  bearing,  and  r  D-r-o'-^-Or-j 

btnding  moment  are  the  same  as  in  Fig.  31.    Bolts  in  Wooden  Tie-beam 
Example   ii,   but  because  there  are 
cbce  bolts  each  quantity  is  divided  by  3  to  determine  the  force  resisted  by 

CKb. 

Shear  •>  13  000/3  •  4  333  lb  and  requires  a  94-in  steel  bolt  (Table  DC) 
Bearing  —  4  333/ S  ~  x  444  lb  and  requires  a  iVi-in  bolt  (Table  VII) 
Bending  moment  »  19  500/3  -■  6  500  in-lb,  and  requires  a  iV^-in  steel  bolt 
(TabfelX). 

Id  this  case  the  bending  moment  determines  the  siz«  of  the  bolts,  which  may 
bt  arranged  as  shown  by  the  dotted  circles  in  Fig.  29. 

tnaple  13-    It  is  required  to  determine  the  diameter  of  the  bolt  ior  tho 
coQstnictioo  shown  in  Fig.  30,  in  'wbich  the  inner  beam  is  of  Douglas  fir  and 
t  by  8  in  in  aectioQ,  and  the  outer  beams  3  by  8  in,  the  tenaion  bmng  84  ooo  lb. 
SflNrtwi  5  ••  24  000;    B  •«  6  in;    £  -  9  in. 

Sngle  shear  on  the  bolt «  24  000/2  -  12  ooo  lb 
Bearing-pressure  per  inch  of  length  of  bolt  <-  24  000/6  *  4  000  lb 
Beading  moment »  34  000  X  9/12  »  x8  000  in4b 

From  Table  DC  a  x^-in  steel  bolt  is  found  sufficient  to  resist  the  shear,  and 
a  i^«-tn  bolt  large  enough  to  resist  the  bending.  In  Table  VII  the  largest  bolt 
uQsidered,  3  in,  is  too  small  in  bearing  value.  Dividing  the  load  to  be  resisted 
by  r  200  gives  3%  in,  as  the  diameter  necessary  to  resist  the  bearing.  The 
C  Uttoe  D  must  be  4  000/(2  X  130)  -f-  3H  in  or  i894  in. 

g*»—l^^  Z4.    If  two  bolts  are*  used,  one  behind  the  other,  it  is  required  to 
^^^ermioe  the  diameter  of  the  bolt  that  should  be  used,  the  conditions  and 
i^sdiog  being  the  same  as  in  Example  13. 
Solntioo.    Dividing  the  q\iantities  obtained  in  Example  13  by  3, 
Single  shear  «  6  000  lb  and  requires  a  T^in  stoel  bolt 
Bearing  »  2  000  lb  and  requires  a  2-iA  bolt 
Bending  moment »  9  000  in*lb  and  requires  a  iH-ln  steel  bolt 

The  allowable  bearing  on  a  i%-in  bolt  is  (2%  %)  less  than  the  required  amount, 
to  that  in  general,  since  the  other  requirements  are  more  than  satisfied,  the 
BaaJkr  bolt  would  be  used.  For  the  iH-in  bolt,  the  distance  D  is  9H  in.  The 
apacs  bftween  th«  bolta  may  bo  increaaed  somewhat  beyond  the  valuQ  given  in 
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Fig.  32.    Strap  and  Bolt  at  Foot  of  Rafter 


Table  VII,  and  they  may  be  located  out  of  the  same  line  as  a  further  precaia- 
tion  against  splitting. 

Case  IV.  Bolt-and-Strap  Joints  in  Trusses.  The  construction  shown  in 
Fig.  32  is  sometimes  used  to  connect  the  foot  of  the  rafter  of  a  wooden  truss 
to  the  tie-beam.  When  the  distance  D  is  sufficient  to  resist  the  shear  due  to 
the  thrust  of  the  rafter,  the  strap  is  of  value  only  in  holding  the  rafter  in  place. 
and  there  are  no  greater  pressures  brought  upon  the  bolt.  When  it  is  impos* 
sible  to  make  D  the  necessary  length,  the  bolt  and  strap  must  be  designed 
to  resist  the  full  force  in  the  direction  of  the  strap. 

As  the  STRAP  is  usually  not  more  than  from  H  to  ^  in  thick,  its  width 
is  such  that  the  bearing  between  it  and   the   rafter   is  smalt   compared 

with  that  between  the  bolt  and 
rafter.  The  forces  acting  on  the  bolt* 
are  the  only  ones  that  need  con- 
sideration.   These  are: 

Single  shear  «  S/2  >  the  ten> 
sion  in  the  strap  on  one  side 

Bearing  pressure  per  inch  oC 
length  -  S/B,  where  B  is  the  widtb 
of  the  tie-beam  in  inches 

Bearing  pressure  per  inch  of 
length  between  strap  and  bolt  <»  S/2  i 

To  find  the  value  of  5.  the  force- 
polygon  is  drawn  as  shown  at  the  right 
in  Fig.  32.  T  is  drawn  parallel  to  the 
rafter  and  with  a  length,  to  a  con- 
venient scale,  equal  to  the  thrust.  From  the  end  a  an  indefinite  line  is  drawn 
parallel  to  the  axis  of  the  strap,  and  from  h  another  line  perpendicular  to  the 
SEAT  of  the  rafter.  These  intersect  at  c,  so  that  or,  measured  by  the  same 
scale  used  in  laying  off  T,  is  the  magnitude  6i  the  force  5  in  the  strap.  If  the 
rafter  rests  on  top  of  the  beam,  he  is  vertical,  but  if  the  tie-beam  is  dapped,  as 
shown  by  the  dotted  line,  the  line  from  6  is  drawn  perpendicular  to  the  bottom 
of  the  notch,  making  the  intersection  at  <f.  It  is  seen  that  notching  the  tie- 
beam  in  this  way  increases  the  stress  in  the  strap. 

Example  15-  It  is  required  to  determine  the  size  of  a  strap  and  pin-bolt 
to  hold  the  rafter  without  notching  into  the  tie-beam  of  a  long-leaf  yellow-ptne 
king-post  truss.  The  rafter  is  6  by  6  in,  is  inclined  at  an  angle  of  45**  and  is 
under  a  compressive  stress  of  18  000  lb.    The  tie-beam  is  6  by  8  in  in  section. 

Solution.  Since  the  inclination  is  45°,  a  consideration  of  the  force-polygon 
in  Fig.  32  shows  ab  equal  to  oc,  so  that 

The  force  5-  the  thrust  T-  xSooo  lb' 
Single  shear  on  bolt  -  x8  000/2  »  9  000  lb 
Tension  in  strap  on  one  side  -  9  000  lb 

Bearing  pressure  per  inch  of  bolt  against  wood  -  18  000/6  «  3  000  lb 
Bearing  pressure  in  pounds  per  inch  between  strap  and  bolt  >  9  000// 
in  which  /  equals  the  thickness  of  the  strap. 

The  allowable  pressure  between  the  strap  and  the  top  of  the  rafter  is  350  lb 
per  sq  in  (Table  VII),  which,  on  the  6-in  rafter,  gives 

Allowable  load  per  inch  of  width  of  strap  -  6  X  350  *■  2  100  lb 

The  strap  then  must  be  18000/2  100  or  8.6  in  wide.  At  10  000  per  sq  in 
in  tension  the  necessary  section  of  the  strap  is  0.9  sq  in,  requiring  a  thickness  of 
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iboixt  o.x  in,  a  sufficient  ^ckness  if  the  strap  were  strong  enough  to  develop  a 
iuBform  pressure  over  the  rafter.  It  Is  not  good  practice,  however,  to  use  such 
tfaln  material,  because  of  the  danger  of  loss  of  strength  due  to  corrosion.  No 
BMCal  less  than  %  in  thick  should  be  used  in  such  places. 

The  bearing-pressure  per  inch,  between  the  strap  and  the  bolt,  for  a  %-in 
strsp  i-  9  ooo/%  «  24  000  lb 

The  bolt,  then,  must  take  a  single  shear  of  9  000  lb,  a  bearing  pressure  of 
3  000  lb  against  the  wood  for  each  inch  of  length,  and  a  bearing  of  24  000  lb 
per  inch  of  length  against  the  strap.  From  Table  DC  a  iH-in  steel  bolt  is 
soffident  to  resist  the  shear,  from  Table  V  a  2-in  bolt  is  large  enough  to  resist 
the  bearing  from  the  strap,  and  from  Table  VII  a  2U-in  bolt  is  found  necessary 
to  re^t  the  3  ooo-Ib  bearing  from  the  wood  per  inch  of  length  of  bolt.  This 
makes  the  2V4-in  bolt  satisfactory  for  the  joint. 

The  pressure  from  the  bolt  to  the  wood,  however,  is  not  parallel  with  the 
grsin  but  inclined  at  45^  The  allowable  pressure  against  wood  across  the 
grain  Is  about  one-foiuth  of  that  with  the  grain.  According  to  the  formula 
given  in  Chapter  XXVIII,  page  1138^  the  allowable  pressure  per  square  inch  for 
this  case  is  612  lb  instead  of  the  i  400  per  sq  In  allowed  for  direct  compression 
vtth  the  grain.  The  reduced  allowable  pressure  makes  it  necessary  to  use  a 
4.^in  bolt,  say  a  5-in  bolt,  which  would  be  impracticable,  for  it  would  almost  cut 
the  tie-beam  in  two.  It  thus  appears  that  this  form  of  joint  is  not  good  design 
for  a  truss  of  this  span.  For  shorter 
^nns  the  joint  may  be  made  in 
accordance  with  the  requirements 
given.  It  has  the  advantage  of  not 
presenting  any  projections  below  the 
tie-beam. 

Case  v.  Bolts  in  Tension  to 
Hold  the  Foot  of  a  Rafter.  In  the 
joint  shown  in  Fig.  33  the  bolt  is 
sobject  to  DIBECT  TENSION  Only. 
TIk  amount  of  the  tension  S  \s  found 
Yty  the  construction  explained  in 
Case  IV.  The  rafter  may  be  let  into 
the  tie-beam  or  rest  on  top  of  it,  the 
totsion   in   the   bolt   being   less   in 


Fig.  33.    Bolt  in  Tensbn  at  Foot  of  Rafter 


the  latter  case;  but  it  is  easier  to  erect  the  truss  if  the  rafter  is  notched  into 
bam  z^  to  1%  in  for  ordinary  spans  and  loads,  to  hold  it  while  the 
pieces  are  fitted.    After  this  is  done,  the  holes  may 
be  bored  exactly  where  required. 

Whenever  5  exceeds  about  10  000  lb  for  trusses 

made  of  timber  for  which  the  highest  bearing  stresses 

are  allowed,  a  cast  plate,  as  shown  in  Fig.  34  and 

made  to  fit  the  inclination  of  the  bolt,  should  be  let 

F%.  M.    Special  Washer   into  the  tie-beam  at  the  head  of  the  bolt  to  distribute 

the  pressure.    The  diameter  of  the  hole  for  the  bolt 

sfaodd  be  H  in  brger  than  the  diameter  of  the  bolt.    The  distance  D  must  be 

made  sufficient  to  provide  for  the  horizontal  component  of  5,  at  the  allowed 

vocksnff  stress  of  the  material  for  shear  with  the  grain. 

The  horisontal  component  is  found  by  drawing  a  vertical  line  from  e  and  a 
borizoatal  fine  from  a  and  measuring  ad  to  the  scale  of  the  diagram.  For 
safety,  this  force  must  be  less  than  the  product  of  the  distance  D,  the  width  of 
the  beam  and  the  allowed  shearing-stress  given  in  Table  I,  page  412. 
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Bnmpld  i6.  For  the  same  conditions  as  in  Exanffple  is,  for  the  size  of  the 
members  and  the  thrust  in  the  rafter,  it  is  required  to  determine  the  diameter 
of  the  bolt  and  the  distance  D  for  a  joint  of  the  type  shown  in  Fig.  33. 

Solntion.  To  find  5,  draw  T  equal  to  iS  ooo  lb,  at  a  convepient  scale,  and 
parallel  to  the  rafter.  At  a,  draw  an  indefinite  line  perpendicular  to  the  rafters 
and  at  6  a  line  perpendicular  to  the  seat  of  the  rafter.  This  makes  S  greater 
than  in  Example  is,  as  ac  now  scales  27  000  lb.  From  Table  IX,  a  i%«in  steel 
bolt  is  sufficient  to  take  this  in  direct  tension.  The  horizontal  component 
found  as  directed  above,  scales  19  000  lb.  The  width  of  the  tie-beam  is  6  in, 
which  at  the  allowed  shearing-stress,  150  lb  per  sq  in,  gives  900  lb  as  the  stress 
that  must  be  cared  for  by  each  mch  of  D.  19  000  lb  divided  by  900  gives  2x  in, 
the  required  distance  D,  (See,  also,  Chapter  XXVIII,  Joints  in  Wooden 
Trusses.) 

The  compression  against  the  grain  on  the  end  of  the  cast-iron  washer  must 
also  be  investigated.  19  000  lb  divided  by  the  width,  6  in,  gives  3  166  lb  that 
must  be  resbted  per  inch  of  width  of  beam.  At  i  400  lb  per  sq  in,  as  an  allow- 
able working  stress,  this  makes  it  necessary  to  set  the  casting  2H  in  into  the 
lower  side  of  the  beam,  which  exceeds  the  depth  usual  in  ordinary  practice. 
Some  tests  made  at  the  Massachusetts  Institute  of  Technology  on  lar^e  trusses* 
and  reported  in  1897.  mdicated  that  for  a  test  carried  to  rupture  the  stresses 
prescribed  for  usual  designs  might  safely  be  more  than  doubled.  Tests  on 
timber  imder  long-continued  loading  indicate  that  rupture  finally  occurs 
for  stresses  approximating  one-half  of  those  developed  in  tests  carried  to 
DOiEDiATE  failure.  This,  and  the  fact  that  decay  may  affect  the  strength  of 
the  members,  emphasizes  the  wisdom  of  using  conservativb  working-stresses 
in  this  material. 


Fig.  d6.    Joint  with  Two  BolU  in  Direct  Tension 

Example  17.  It  is  required  to  determine  the  size  of  bolts  for  the  joint  shown 
in  Fig.  35,  the  thrust  being  6s  soo  lb  and  the  truss-members  being  made  of 
long-leaf  yellow  pine. 

Solatioo.  The  tension  in  the  bolts  is  found  first  by  drawing  the  force*polygon 
as  shown  at  the  right  in  the  figure.  To  the  same  scale  that  a6  represents  65  500^ 
Qc  represents  96  500  lb.  If  the  load  is  equally  divided  between  the  bolts,  each 
has  a  tension  of  48  aso  lb.  From  Table  IX  this  force  requires  a  2V4*in  steel 
bolt. 

The  horizontal  component  aA  is  6S  350  lb,  which  must  be  tesisted  by  the  shear* 
ing  strength  of  the  wood  between  the  end  of  the  cast-iron  washer  on  the  under 
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side  of  the  tie-beam  and  the  end  of  the  beam  resting  on  the  wall.  At  150  lb 
ps  aq  in,  this  requires  68  350/150,  or  455  sq  in.  If  the  beam  is  8  in  wide,  this 
lequiies  a  length  of  57  in  along  the  beam  from  the  washer  to  the  end. 

The  bearing  of  the  cast-iron  Wiksher  against  the  end-fibers  of  the  tie-beam  b 
a]»  68  250  lb.  At  an  allowable  pressure  of  x  400  lb  per  sq  in  the  depth  of 
the  waabar  shoidd  bt  68  350/(8  X  i  400)  *•  6.1  in.  TUs  would  almoftt  cut  th« 
beam  in  two.  The  ultimate  strength  of  the  wood  in  oompMSflion  it  about  five 
tzoa  the  working  stress,  and  since  a  oonsiderable  part  of  the  horizontal  force 
Day  be  resisted  by  the  body  of  the  bolt  as  well  as  by  the  friction  of  the  washer, 
it  is  probable  that  with  washers  %  in  thick  there  would  be  little  sign  of  weak- 
t^ss  at  the  joint  even  when  the  truss  is  fully  loaded. 

Theoretically  the  washers  on  the  top  surface  of  the  rafter  should  be  deter- 
mined hy  the  allowable  working  stress  in  oomprenian  across  the  fibers.  This 
for  h»g-leaf  pine  is  taken  at  350  lb  per  sq  in  (Table  VI,  page  454).  The  area, 
tlHn,  is  48  350/350,  or  138  sq  in.  This  reqbiieB  a  Washer  11%  in  square. 
D^  8  by  8-in  washer  used,  assumes  a  pressure  of  755  lb  per  sq  in,  but  as  the  tests 
of  the  Forest  Service  of  the  United  States  Department  of  Agrictilture  give  3  480 
lb  per  sq  in  as  the  ebstic  limit  for  long-leaf  yellow  pine,  it  is  very  likely  that 
there  would  be  no  signs  of  injury  at  this  point,  other  than  a  SUGBT  indenta- 
ncRf,  when  the  truss  is  fully  loaded. 
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CHAPTER  Xm 

BEABING-PLATES  AND  BASES  FOR  COLUIINS,  BEAJ 
AND  GIRDEBS.    BRACKETS  ON  CAST-IRON 
COLUMNS* 


By 
HERMAN  CLAUDE  BERRY 

PKOFESSOK  or  UATEKIALS  OV  OONSTKUCTION,  UNIVERSITY  OV  PENNSYI^VAN 

1.  Bearing-Plates  and  Bases 

The  Purpose  of  Bearing-Plates  or  Bases.    When  a  heavily  loaded  i 
umn,  beam  or  girder  is  supported  on  a  masonry  wall  or  pier,  a  bearing-plati 
BASE  of  suitable  dimensions  must  be  used  to  distribute  the  load  so  that 
pressure  will  not  exceed  the  safe  bearing  strength  of  the  masonry  (Table 
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Fig.  1.    Simple  Bearing- 
plate 
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Fig.    2.    Beveled    Cast- 
iron  Plate  with  Pin 


Fig.  8. 


PLAN 
Ribbed  Cast-iron  Plate 


The  bearing-plate  is  designed  to  be  stiff  enough  to  distribute  the  pressm 
under  it  uniformly,  and  its  area  is  determined  by  dividing  the  load  on  it  b 
the  allowable  pressure  per  unit  of  area  (Table  II). 

Simple  Bearing-Plates.    Fig.  1  shows  a  simple  bearing-plate  under 

beam.    It  may  be  a  steel  or  cast-iron  rectangular  plate  of  sufficient  thicknej 

to  prevent  its  bending  at  the  edge  of  the  beam  from  the  pressure  of  th 

•  See,  also,  Chapter  XIV,  Subdivisions  8  to  ii. 
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aasonzy  below.    For  anchors  for  sted  beams  on  bearing-plates,  see  Chapt« 
XV.  pa^  619. 

Cast-iron  Plataa  with  Pin.  Fig.  2  is  a  cast-iron  plate  with  a  dowel-pm 
to  fit  inside  the  shell  of  a  cast-iron  column,  or  into  a  recess  cut  in  the  bottom 
of  a  wooden  one.    The  pin  holds  the  base-plate  in  position. 

Cast-Iron  Ribbed  Bases.  Fig.  3  b  a  cast-iron  kibbed  base  for  a  large 
(7&Klrical  cast-iron  column,  capable  of  supporting  a  load  heavy  enough  to 
break  a  plate  similar  to  the  one  shown  in  Fig.  a,  at  the  edges  of  the  column, 
ealest  the  plate  were  made  unduly  thick.  • 


Table  I.    Allowable  Beuiag  Pressure  00  Different  Kinds  of  Masonry 


Kind  of  masonry 

Allowable  pressures 

Lbpersq 
in 

Tons  per 
sqft 

From  the  buUding  laws  of  New  York  and  Philadelphia 

iia 
i6a 

906 

X40 
aoB 

8 

13 
Z5 
10 
IS 

in  cement  tnortar 

R  iihMft  tnaBonrv.  in  cement  mortar . . . .  r             . .  r . 

{Concrete. . .  

Recommended  by  a  committee  of  Chicago  architecte  and  engineers  in  1907 

Rubble   in  lime  mortar 

<o 

4  32 
7.2 
8.6 
144 
a8.8 
43-2 
2S.2 

28.8 

in  Portland-cement  mortar 

100 
130 
200 
400 

600 
3SO 

400 

Coofsed  rubble,  in  lime  mortar 

in  ocinciit  mortftr 

^hlar  Kmeston^f  in  cement  mortar 

»v«knit^  in  cement  mnrtar ,,.,..,, ,,,,.., 

rnnrmti"  1  :  3  :  4.  hand-mixed ....  r .......  r .......  r . 

machine-mixed 

The  Bases  of  the  Steel  Cores  of  Composite  Columns  used  in  reinforced- 
coooete  construction  have  areas  sufficient  to  distribute  the  loads  of  the  columns 
over  the  concrete  in  the  footings  at  the  allowable  working  stress  of  the  concrete, 
which  is  usually  500  lb  per  sq  in.     (See,  also,  page  474,  Figs.  14  and  15.) 

Sauafle  x.  The  basement-columns  of  a  warehouse  are  designed  for  a  load 
of  212  000  lb  each.  It  is  required  to  determine  the  size  of  the  base-plates  to 
rest  on  the  concrete  foundations. 

Solatioii.  At  an  allowable  pressure  of  208  lb  per  sq  in,  the  required  area  is 
213  000/208  or  z  020  sq  in,  or  about  32%  in  square.  The  plan  and  section  of 
the  base-plate  is  shown  in  Fig.  3. 

Forms  of  Base-Plates.  For  small  columns  and  wooden  posts  with  light 
loads,  PLAIN  FLAT  PLATES  of  cast  irou  or  sted  arc  generally  used.  The  cast-iron 
pbtes  may  have  a  raised  ring  or  cross  to  fit  inside  a  hollow  metal  column,  or 
a  dowel,  from  i^  to  2  in  in  height  for  a  wooden  one.  If  the  plate  is  very  thick 
the  outer  edges  may  be  beveled  to  save  weight,  as  shown  in  Fig.  2,  but  no  part 
of  it  sbould  be  less  than  about  %  in  thick. 
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Bearing  on 
in 

Size  of  plate, 
in 

Safe  b^i^ng  V4liie  pf  platQ  M«  p«uads 

Bxicks  laid  in  mortar  of 

Lime.  ix» 
lb  per  sq  in 

(cement.  162 
lb  per  sq  in 

Cement,  ao 
lb  per  sq  tsi 

6 

8 

10 
12 

14 
i6 

6X  6 
6X  8 
6XIO 

8X  8 
8XIO 
8X12 

lOXio 

IOXI2 
10X14 

12X12 
12X14 
X2Xl6 
12X18 

14X14 
14X16 
14X18 
14X20 

|6xi6 
;6XI8 

l6X30 
|6X22 

4070 
5400 
6700 

7200 
9000 
10700 

iz  200 

13  450 

15  700 

16  «P 
18800 

22  000 

24  300 

23  100 

25  000 
28  300 
31400 

28700 
32300 
35800 
39500 

S800 
7800 
9700 

10200  ' 

MIOQ 

15500 

16200 
19  500 
.22700 

33300 
37400 
31300 
3450Q 

31800 
36300 
40800 
45400 

41500 
46600 
51900 
57000 

7SOO 
10  000 
12500 

I3JOO 
16600 
20  00b 

20800 
25  200 
27900 

30000 
3SOOO 

40  100 
45000 

40800 
46600 
53400 
58300 

S3  200 
59800 
66700 
73200 

The  last  column  applies  to  concrete  walls  also. 

Ribbed  Bases.  If  the  calculated  size  of  a  bearing-plate  is  ao  large  that 
projection  beyond  the  edge  of  the  column  would  be  more  thw  about  6  in, 
KIBBED  BASE  similar  to  that  shown  (Fig.  3)  for  a  cylindrical  colunm  is  use 
For  such  bases  it  is  unnecessary  to  consider  the  transverse  stresses.  \Vhi 
these  bfues  are  bolted  to  the  columns  they  add  greatly  to  the  general  stabili 
of  tbe  supporting  members  because  of  the  greater  width  of  such  bases. 

Proportioiis  of  Ribbed  Bases.  The  height  H  of  this  type  of  base  shou 
be  approximately  equal  to  the  projection  P,  and  the  diameter  D  equal 
the  diameter  of  the  column-  The  projection  C  should  be  at  least  3  »»  to  pens 
the  bolting  of  the  column  to  the  base.  The  thickness  of  all  parts  of  the  castii 
should  be  the  same  and  approximately  equal  to  the  thickness  of  the  colum 
shell.  There  must  be  no  thin  webs  as  they  result  in  breakage  from  shrinka^ 
stresses. 

Bsse^Plates  lor  Steel  Colttmas  are  usually  made  of  btekl  plates  and  shap] 
as  shown  on  the  channel-columns  in  Chapter  XIV,  Figs.  17, 18  and  10.  Ca^ 
iron  bases  are  sometimes  used  for  very  heavy  columns.  If  conditions  s^ 
favorable  to  the  action  of  corrosion  the  CWt  iron  \^  to  be  preferred. 
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The  Area  of  BearingoPlates  under  Beams  and  Girders  is  found  in  the 
suae  mannftf  as  the  area  of  plates  under  columns.  If  the  load  on  the  beam  is 
edfomily  distributed  over  the  beam  or  concentrated  at  its  middle,  the  required 
aiea  of  the  plate  is  one-half  the  total  load  on  the  beam  divided  by  the  allowable 
baring  per  unit  of  area  on  the  masonry;  but  if  the  load  is  a  moving  load,  the 
greatest  possible  end-reaction  must  be  divided  by  the  allowable  bearing.  For 
enmple,  a  heavily  loaded  truck  standing  near  the  end  of  the  beam  causes  a 
pressure  on  the  bearing-plate  much  greater  than  one-half  its  weight.  The 
tnie  reaction  for  the  actual  conditions  must  be  found  by  the  methods  explained 
ia  Chapter  DC. 

The  Thickness  of  the  Bearing-Plate  is  found  by  the  formula  used  to 
determine  the  flexure  of  beams.  It  must  be  determined  in  each  case.  For  a 
typical  case  the  forces  acting  are  shown  in  Fig.  5,  which  represents  a  transverse 
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[  F«.  4.    Simple  B«riiig-|date  oodn  I'Bcun 
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9 

Fig.    fi.    Forces   Acting 
on  Half  of  Bearing-plate 


yertical  section  through  one-half  the  plate.    The  vertical  section  at  C,  and 
through  and  parallel  with  the  web  of  the  I  beam,  is  taken  through  the  center  of 
the  plate,  which  is  the  dangerous  section,  or  section  of  maximum  bending  mo- 
Dient. 
In  Fl|^.  4  and  5,  b'  is  the  bearing  depth  on  the  wall; 

/  is  the  length  of  the  plate,  parallel  with  the  waO; 

h  is  the  width  of  the  flange  of  the  beam; 

^  is  the  load  on  the  bearing-plate. 

Rcpladng  the  uniform  loads  by  the  equivalent  forces  at  the  center  of  gravity 
9i  each,  these  forces  are  represented  by  the  longer  arrows.  The  bending  mo- 
nent  at  the  section  at  c  is  the  same  as  the  moment  of  the  concentrated  forces, 
0ria& 

M'{R/2Xl/4)-(R/2Xb/4) 
or  M~R/2X{l-h)/4 

This  b  equal  to  the  resisting  moment  at  the  same  section  c,  or,  at  stress  5, 
5//c,  in  which  I/c  is  the  section-factor.  (See  Chapter  XV.)  This  reduces  to 
SW/6.    Equating  the  bending  moment  and  the  resisting  moment  there  results 

Sfib'/6^R(l-b)/S 

and  i-o.866V'j2(/-6)/5y 

For  5  »  3  ooo  for  cast  iron,  this  reduces  to 


/-o,ois8Vi2(/-.^)/^' 
For  5  ■"  i6  ooo  for  steel  plates.  It  becomes 

/- 0.00685  ViJ(/-6)/6' 
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Bximpie  a.  It  is  required  to  determiae  the  length  and  thickness  of  a  cast- 
iron  bearing-plate  under  a  wooden  beam  which  is  lo  in  wide  and  supports  a, 
load  of  24  000  lb.  The  plate  is  8  in  wide  and  bears  that  width  on  a  brick  wall 
laid  up  in  lime  mortar. 

Solution.  The  load  on  the  plate  is  24  000/2  »  12000  lb.  From  Table  I» 
the  area  of  the  plate  is  12  000/112  »  loS  sq  in.  Hence,  if  the  width  of  the 
plate  is  8  in,  its  length  must  be  i^Va  in.    Then,  from  Formula  (z) 

t  -  ox>i58  Vu  000  (13V4  -  io)/8  «  Z.15  in 
A  plate  iM  in  thick  would  be  used. 

Bzample  3.  It  is  required  to  determine  the  length  and  thickness  of  a  steel 
bearing-plate  under  the  end  of  a  24-in  80-lb  I  beam  supported  on  a  1 2-in  brick 
wall  laid  up  in  lime-and-cement  mortar  and  carrying  a  load  of  60  000  lb.  The 
width  of  the  flange  of  the  beam  is  7  in. 

Solution.     The  load  on  the  plate  is  60  000/2  «  30  000  lb 
The  area  of  the  plate  «  30  000/162  «  185  sq  in 
The  length  of  the  plate  is  185/12  «  15%  in 

Then,  from  Formula  (2) 

/ »  0.0068s  "^30  000  i^S'5  —  7)/ia  ■  I  In 

Standard  Sizes  of  Steel,  Wall  Bearing-Plates.    These  are  given  in  Table 

II,  and  are  based  upon  ALLOWABLE  pressures  of  112, 162  and  208  lb  per  sq  in. 

These  unit  pressures  are  based  upon  the  allowable  pressures  of  the  New 
York  and  Philadelphia  building  laws  which  are  ex- 
pressed  in  tons  per  square  foot.  Because  of  the 
complicated  formula  on  which  the  thickness  depends 
it  is  best  to  compute  the  thickness  for  each  case. 

Bearing-Plates  under  Columns.  The  general 
rules  already  given  Jot  the  proportions  of  ribbed 
bases  similar  to  that  shown  in  Fig.  3  arc  a  su£Bcient 
guide  for  detailing  such  bases;  but  in  case  simple 
FLAT  plates  are  used  under  columns,  their  thickness 
must  be  computed  according  to  the  principles  govern- 
ing bending.    The  stress  in  a  flat  plate  supported 

Fig.  5.    Flat  Bcaring-pUte   at  the  middle  and  subjected  to  a  unifqrm  load  cannot 

for  Cdumn  be  determined  by  the  ordinary  methods  of  mechanics. 

The  approximate  solution  here  given  is  generally 

used  in  the  design  of  base-plates  and  coLUifN-FOoriNGS.    It  gives  values 

found  to  be  safe  in  practice. 

In  Fig.  6,  let  B  «  the  length  of  the  side  of  the  plate  as  determined  by  the 
allowable  pressure  on  the  supporting  masonry; 
D  -  the  side  or  diameter  of  the  column; 
P~{B-  D)/2  -  the  projection  of  the  plate; 
/  -  the  thickness  of  the  plate; 
i4'  -  the  area  of  the  plate  outside  the  column; 
w  -i  the  allowable  bearing  pressure  on  the  masonry  due  to  the 
load  on  the  colunm. 

Then  in  Fig.  6,  the  pressure  on  one-fourth  of  A\  shown  enclosed  by  the  dotted 
lines  in  the  figure,  causes  shearing  and  bending  stresses  in  the  section  of  the 
plate  along  the  line  ab.  Considering  the  part  enclosed  and  taking  moments 
about  the  section  ab,  the  following  equation  is  obtained  from  the  usual  bend- 
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QiS-moment  formula.    (See  Chapter  XV,  page  557.)    That  is,  the  resisting 
moment  equals  the  bending  moment,  or 

SI/c^VlA'Pw 
For  the  rectangular  section  at  ab,  this  may  be  written 

whence                                   t^V^A'Pw/iSD 
which  becomes  for  5  -  3  000  

t»0J022^y/A*Pw/D 

and  for  5  -  i6  000    

/ »  0.0097  VA'Pw/D 

Bzuapie  4*  It  is  required  to  determine  the  size  and  thickness  of  a  cast-iron 
bearing-plate  to  be  used  under  a  wooden  post  12  in  square  in  cross-section  and 
(Jesigned  for  a  load  of  115  200  lb.  The  plate  is  to  be  set  on  brickwork  laid  in 
(onent  mortar. 

Solntioa.    The  required  area  of  the  base  is  115  200/208  »  565  sq  in.     v  565 
"  23.76  and  a  24-in  square  plate  would  be  used. 
Then  >4'«  576— 144-432  sq  in 

P-  (24  — 12)/2  =  6  in 
jD  •»  12  in 
w  a  208  lb  per  sq  in 

Hence  t  -  0.0224  V432  X  6  X  208/1 2  -  4.75  in 

This  thickness  may  be  beveled  to  i^  in  at  the  edge.  The  computed  thickness 
b  sreater  than  is  tisual  for  such  plates,  some  formulas  having  more  practical 
constants  which  really  assume  a  stress  of  about  10  000  lb  per  sq  in  in  cast  iron 
in  bending. 

If  the  plate  is  made  of  steel 

/  -  0.0097  V432  X  6  X  208/12  -  2  in 

2.  Bearing-Brackets  on  Cast-iron  Columns 

The  Usnal  Column-Connections  for  fastening  beams  and  girders  to  cast- 
iron  columns  are  shown  in  Fig.  7.*  The  end  of  the  beam  or  girder  is  set  on 
a  SHELF  P,  under  which  is  a  buacket-support  C,  cast  on  the  side  of  the  column. 
For  a  single  beam,  one  bracket  is  sufficient;  for  wide  beams  or  girders  there 
sitould  be  two  ribs.  The  ends  of  the  beams  are  fastened  to  the  column  by 
lilting  to  LUGS  L,  cast  on  the  column  above  the  bracket.  Sometimes  a  column 
is  f«*t^^*^  by  bolts  passing  through  the  bottom  flange/)f  the  beam  and  through 
the  shelf-plate.  This  connection  greatly  decreases  the  lateral  stability  of  a 
buHding  and  should  not  be  used. 

The  Shelf  and  Brackets,  when  loaded,  are  subject  to  shearing  and  bend- 
I'.'G-STRESSES.  The  SHEAR  at  the  outer  surface  of  the  column-shell  is  equal 
to  the  end-reaction  of  the  beam  it  supports.  The  brnding-stress  is  due  to  the 
ai>plication  of  the  load  on  the  shelf-plate  at  some  distance  from  the  surface  of 
tlie  column.  It  causes  a  tension  at  the  top  of  the  bracket  which  tends  to  tear 
out  the  shell  of  the  column,  and  causes,  also,  a  compression  at  the  foot  of  the 
rib.  The  thickness  of  the  rib  must  be  great  enough  to  withstand  the  com- 
pression from  the  load  above;  and  since  the  stress  is  variable  along  a  section, 

*  See  also.  Figs.  5  and  7,  pages  457  and  458. 
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as  alotu;  the  line  X,  ^  rougb  approximatioa  may  be  made  by  asstimihi;  the 
stress  at  the  extreme  edge  to  be  twice  the  average  stress,  and  by  further  assum- 
ing that  the  section  in  the  rib  takes  care  of  all  the  compression.  This  makes  it 
unnecessary  to  find  the  center  of  gravity  and  the  moment  or  inertia  of  the 
section  at  X,  both  of  which  must  be  known  if  the  flexure-formula  is  used. 
This  procedure,  also,  makes  unnecessary  any  assumption  as  to  the  true  position 
of  the  CENTER  OF  PRESSURE  on  the  top  surface  of  the  bracket.  With  the  thick- 
ness of  rib  given  in  the  tables  there  is  an  ample  factor  of  safety  for  any  load 


Fig.  7.    Cast-iron  Columns  with  Bearing-bFBckeCs 

that  may  be  applied  through  a  beam.    The  double  ribs  are  required  when  wide 
beams  are  used,  not  for  strength,  but  to  prevent  the  failure  of  the  shelf  from 

ECCENTRIC  loading. 

Tests  of  Cast-iron  Brackets.  Brackets  of  cast-iron  columns  tested  by  the 
New  York  Building  Department  gave  a  shearing  strengtq  of  4  200  lb  per 
sq  in  on  the  section  at  the  column  when  the  load  was  applied  at  the  end  of  the 
bracket,  and  an  average  of  8  000  lb  per  sq  in  when  the  load  was  distributed  over 
the  bracket-shelf.  The  range  of  stress  in  the  first  case  was  from  s  450  to 
S  600  and  in  the  second  from  4  100  to  10  900  lb  per  sq  in.  In  seventeen  out  of 
twenty-two  tests  the  manner  of  failure  was  the  tearing  out  of  a  hole  in  the 
body  of  the  column.  It  appears  that  when  the  thickness  of  the  rib  and  shelf 
is  the  same  as  that  of  the  shell  of  the  colimin,  there  is  generally  ample  strength 
for  the  support  of  beams  and  girders;  but  that  in  the  case  of  very  hea\ily 
loaded  beams,  the  shearing  and  crushing  strength  should  be  investigated. 
From  the  results  of  the  tests  mentioned,  a  low  working  stress  for  she.\m 
must  be  assumed. 

The  Bevel  of  Brackets.  If  the  shelf  P  (Fig.  7),  on  which  the  beam  rests, 
h  cast  square  with  the  column,  when  the  beam  deflects,  the  load  is  brought  00 
the  extreme  end  of  the  bracket,  causing  an  increased  ^nding-»stress  in  the 
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frartft  and  connections  and  tendinis  to  tear  a  hole  in  the  column-shell.  To 
airaid  this  the  bracket-shelf  should  be  sloped  downward,  away  from  the  column, 
*nd  should  have  a  bevel  of  H  in  to  the  foot. 

Standard  Connectiona  for  Cast-Iron  Coluoms.  Table  III,  published 
ongiaally  in  the  Passiac  Rolling  Mill  Handbook,  and  widely  tised  by  other 
E3aqfactnrers>  will  be  found  useful  when  detailing  cast-iron  columns. 


Tahle  m.    Standard  Coanectioog  (or  Cast-iron  Columns 
All  dimensions  an  in  inches 

J 

C-r     •            *                   *                       ^ 

«  ^v« 

G  .»J.'|H 

T  i     n 

1^. 

3f 

—        -r- 

..      ^ 

-L  - 
■E 

;.  ±  i^r 

i^    ^ 

-F 

"h    J    111*  1 

F-  y 

K 

^f 

^"^ 

Depth 

of 
Deam 

A 

B          C 

D         £ 

F        G 

H       K 

Thick- 
ness of 
lugs 

Holes 
cored 
for 
%-in 
bolts 

20 

IS 
IS 

12 

S 

4 
4 
3 

S            6 
S            6 
3%        5% 

3             4% 

10^         J\i 
IO%          1% 

9%       1% 
7%        lV4 

1%       a 

1%         2 
lV4          2 
iV*          2 

l^       2 
iH       2 
1%       1% 
1%       1% 

I 
I 
I 

I 

r 

^^^1    1    'Bii  r       1 

-F 

CiJ       He 

■'•7  1\- 

F 

1       ^ 

_ 

Dqfth 

hauD 

A 

B          C 

Z>         £ 

F        G 

H       IC 

Thick- 
ness of 
lugs 

i 

Hc&eS  . 
cored 
for 
%.in 
bolts 

10 

i 

7 

3^ 

2V* 

3^           4 
3                4 

7         iH 
7         X 
7         I 
7         I 

X           2 
I           2 
I            2 
I            2 

1%     iVi 

X 

z 
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CHAPTER  XIV 

STRENGTH  OF  COLUMNS,  POSTS  AND  STRUTS 

By 
CHARLES  P.  WARREN 

ASSISTANT  PROFESSOR  OF  ARCHITECTURE,  C0LU1CBIA  UNIVERSITY 

1.  General  Principles  and  Definitions 

Slendemess-Ratio.  The  manner  in  which  a  material  fails  under  compression 
or  pressure  depends  not  only  upon  its  nature,  but  also  upon  its  dimensions  and 
form,  that  is,  upon  the  ratio  of  its  length  to  its  cross-section  or  diameter.  This 
ratio  is  denoted  by  Ijr  and  is  known  as  the  slenderness-ratio. 

Three  Classes  of  Columns.  The  actual  compressive  strength  of  a  material 
must  be  determined  on  very  short  specimens  in  which  there  is  no  tendency  to 
bend  or  to  buckle.  The  load  required  to  break  the  specimen  does  not  change 
much  until  the  length  is  increased  to  about  ten  times  the  diameter  or 
LEAST  LATERAL  DIMENSION.  When  that  ratio  is  exceeded,  the  specimen  tends 
to  fail  by  bending  or  by  buckung  instead  of  by  direct  compression.  According 
to  their  manner  of  failure,  therefore,  columns  in  general  may  be  divided  into 
three  dasses: 

(i)  Short  Columns,  in  which  the  slendemess>ratio  does  not  exceed  lo 
and  which  fail  by  direct  compression. 

(a)  Columns  in  which  the  slendemess-ratio  varies  from  lo  to  30  for  timber 
and  cast  iron  and  from  10  to  90  for  steel.  The  failure  of  columns  of  this  class 
Is  due  partly  to  direct  compression  and  partly  to  bending. 

(3)  Long  Columns,  in  which  the  slenderness-ratio  exceeds  30  for  timber  and 
cast  iron  and  90  for  steel.  These  columns  fail  wholly  by  bending  or  bucklinc^, 
which  causes  flexural  stresses  of  compression  and  tension  on  the  concave  and 
convex  sides  respectively. 

2.  Strength  of  Short  Wooden  Columns 

The  Safe  Load  for  a  Short  Wooden  Column,  the  length  of  which  is  not 

more  than  10  times  the  least  dimension,  may  be  computed  by  the  formula 

„  ,   ,     ,     area  of  cross-section  X  5 

Safe  load  -   -  -p- 1— j- (O 

factor  of  safety 

in  which  S  denotes  the  crushing  strength  of  the  given  material  as  stated  in 
Table  I. 

The  Factor  of  Safety  to  be  selected  depends  upon  the  place  where  the  col- 
umn is  used,  the  load  which  comes  upon  it,  the  quality  of  the  material  and,  in  .1 
large  measure,  upon  the  value  given  to  S.  For  lumber  of  ordinary  quality,  con- 
taining no  very  bad  knots,  a  factor  of  safety  of  five  may  be  used;  or,  in  other 
words,  the  safe  stress  per  square  inch  of  section-area  may  be  taken  as  one-fifth 
of  the  values  given  in  Table  I.  If  the  column  is  badly  season-checked,  cross- 
grained,  or  contains  bad  knots,  a  larger  factor,  say  six  or  seven,  should  be  used. 
The  character  of  the  load,  also,  should  be  taken  into  consideration  in  determioini; 
the  factor  of  safety.  Thus  for  a  wooden  post  supporting  a  brick  wall  a  larf^er 
factor  should  be  used  than  for  one  supporting  a  floor,  as  in  the  former  case  the 
full  load  is  at  all  times  on  the  post,  and  the  least  reduction^of  its  section-area  in 
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ax  of  fire  might  cause  it  to  give  way.  Wooden  posts  supporting  machinery,  or 
ixiden  struts  in  railway  bridges,  should  have  a  factor  of  safety  of  from  six  to 
ci^  if  the  values  of  S  given  in  Table  I  are  used. 


ing  Materials 

Crxjshing- 
in 

Materials 

Crushing- 
loads. 
Ibpersq 
in 

;        -5 

Fw  stone,  brick,  concrete 
and  znasonr>',  see  Chap- 

Woods  (continued) 
Cypcaa 

S 

3S0O 
4«oo 
5000 
5000 
4000 
4500 
3S0O 
4000 
4000 
4  500 
3000 

tcrV 

80000 
SS  000 

60000 

3S0O 
4600 

Hemlock 

Oak,  white 

Metals 
•"last  irrrn         

Pine,  long-leaf  yellow 

Pine,  short-leaf  yellow 

WrcMght  iron 

S:«el.  rolled  shapes 

Pine,  white 

Woods,  with  the  graint 

Redwood.  California 

.  Sinruce 

•  '>.t£tnut 

'  Whitewood 

•  See.  also.  Table  XVI,  page  647.  and  Table  I,  page  1138. 

t  These  are  values  for  wooden  columns  under  15  diameters  in  height  and  are.  of 
oT'urse.  average  values.  For  crushing  resistance  of  timbers  perpendicular  to  the  grain, 
iR  Table  VT. 

Example  z.  What  b  the  safe  load  for  a  long-leaf  yellow-pine  column,  10  by  10 
u  in  cross-section  and  X2  ft  long,  using  a  factor  of  safety  of  5? 

Soliitioii.  Area  of  cross-section  » 100  sq  in;  safe  load  per  sq  in  « 5  000/5  » 1000; 
I  000  X  100  »  xoo  000  lb. 

Example  J.  It  is  required  to  support  a  brick  wall  weighing  80  000  lb  by  a 
I'tjtyrias-fir  column  z  i  f t  long.    What  should  be  the  cross-section  of  the  column? 

Soiotioa.  As  previoiLsly  stated,  for  these  conditions  it  would  be  wise  to  use  a 
fcictijr  of  safety  of  6.  Then  the  safe  resistance  per  square  inch  of  section-area  - 
i  500/6  »«  750;  80000/750  =106  sq  in  required,  abtout  equivalent  to  a  10  by 
10^  cross^section. 

2.  Strength  of  Wooden  Columns  or  Struts  Over  Ten  Diameters 
in  Length.    Formulas  • 

Formulas  for  Wooden  Col-imns.  When  the  length  of  a  column  exceeds 
about  ten  times  its  least  cross-dimension  it  is  liable  to  bend  under  the  load,  and  . 
)k.oce  to  break  under  a  less  load  than  would  break  it  if  it  were  shorter  and  of 
tb*:  same  cross-section.  To  deduce  a  formula  which  will  make  the  proper  allow- 
ar.oe  for  the  length  of  a  column  has  been  the  dim  of  many  engineers,  but  their 
if^muha  have  not  always  been  exactly  verified  by  actual  results. 

Until  recently  the  formulas  of  Lewis  Gordon  and  C.  Shaler  Smith  have  been 
u>ed  prnerally  by  engineers,  but  the  extensive  series  of  tests  made  by  the  Govern- 
Bxut  testing-machine  at  Watertown,  Mass.,  on  full-sl2ed  columns,  showed  that 
tbe««  formulas  did  not  agree  with  the  results  there  obtained.  James  H.  Stan- 
woixl  in  the  year  1891  plotted  the  values  of  all  the  tests  made  at  the  Watertown 
Arsenal  up  to  that  time  on  full-size  columns.    From  the  results  tl|us  obtained 
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oe  deduced  the  following  straigbt-unp  forkuia  for  long-leaf  yeUow-pine  and 

white-oak  colunu^: 

o  r  1    J  .    u  v^  length  in  inches  ,  . 

Safe  load  per  square  inch  »  i  coo  —  lo  X  : r-r-. — : — ;; —  (2) 

breadth  m  inches 

The  author  has  carefully  compared  this  formula  with  the  results  of  actual 
tests,  and  with  other  formulas,*  and  believes  that  for  timber  without  serious 
defects  and  with  not  more  than  10  or  i3%  of  moisture,  it  meets  the  actual  con> 
ditions  as  nearly  as  any  other  formula.  He  has  therefore  prepared  Tables  II 
m,  IV  and  Y  for  the  strength  of  round  and  square  columns  of  the  sizes  generally 
used  in  practice.  Of  .course  other  formulas  must  be  used  when  required  by  cer- 
tain city  building  laws.  For  other  sizes  the  loads  can  easily  be  computed  by 
the  formulas.  For  columns  having  bad  knots  or  other  defects,  or  more  than 
10  or  12%  of  moisture,  or  which  are  to  be  exposed  to  the  weather  or  known  to 
be  eccentrically  loaded,  a  deduction  of  from  10  to  25%  should  be  made  from  tho 
values  given  in  the-  tables. 

The  loads  for  columns  of  other  species  of  wood  were  computed  by  the  following 

formulas  of  the  same  form  as  that  of  Formula  (a): 

For  Pouglas  fir  and  spruce, 

r»  *  1     .  .    ,      «         «         length  in  Inches  ,  ^ 

Safe  load  per  square  mch  -  850  -  8.5  X  / \Tr-r—. — r —  (3) 

breadth  m  mchea 

For  chestnut,  hemlock,  short-leaf  yellow  pine  and  white  pine, 

_  -   ,     ,  .    ,  length  in  inches  ,  ^ 

Safe  load  per  square  inch  -  750  -  7.5  X  r — .,,  .    .    ,  (4) 

breadth  m  mches 

For  cedar,  cypres^  redwood,  Norway  pine  and  whitewood, 

o  *   •     J  .    ,      ^         ^       length  in  inches  ,  ^ 

Safe  load  per  square  mch  -  625  —  6  X  , .-;—: — : — ; —  (s) 

breadth  m  inches 

In  these  formulas  the  breadth  is  the  least  side  of  a  rectangular  column,  or  the 
diameter  of  a  round  column.  The  round  columns  were  computed  for  the  half- 
inch,  to  allow ;f or  being  turned  out  of  a  square  colunm,  of  the  next  size  larger. 
The  formulas  were  used  only  for  columns  exceeding  la  diameters  for  Douglas 
fir  and  spruce,  and  exceeding  10  diameters  for  other  woods. 

4.  Tables  of  Safe  Loads  for  Wooden  Columns 
Tables  II,  in,  IV  and  V  give  the  safe  loads  in  pounds  for  round  and  square 
wooden  columns  of  different  cross-sections  and  lengths  and  of  different  kinds  of 
wood.    They  were  computed  from  formulas  as  explained  above  and  are  for 
favorable  conditions  of  material,  seasoning  and  position  in  buildings. 

*  Th«ia  are  many  formvlas  far  the  safe  loads  per  square  inch  of  crass-section  of  wooden 
columns.    Among  those  frequently  used  are  the  following: 
American  Railway  Engineering  and  Maintenance  of  Way  Association, 
P/A  -5(i-//6o<f) 

Department  of  Agriculture, 

P/A  -  5  (700  +  IS  //i)/(70O  +  IS  l/d  +  P/di) 
Winslow  Formula  (Chicago  Law), 

P/A  -5(i-//8oi) 

In  these  formulas,  P  is  the  safe  load  in  pounds,  A  the  area  of  the  cross-section  in  square 
inches,  P/A  the  safe  load  in  pounds  per  square  inch,  S  the  safe  end-bearing  compression 
per  square  inch,  /  the  length  in  inches  and  d  the  least  side  or  diameter  in  inches.  These 
fonnulas  give  smaller  safe  loads  than  those  of  Tables  IT.  III.  IV  and  V;  but  as  the  loads 
of  these  tables  are  to  be  decskabed  for  onfavorable  conditions  and  the  loads  determined 
from  the  three  formulas  mentioned  XNcamASBo  for  lavorable  conditions,  the  results  an 
about  the  saoM. 
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TaJbU  TL    Safe  LoAds  in  Pounds  ttt  Long-leaf  YeUow-Plne  kbA  White- 
Oak  Columns,  Round  and  ^uare 


Siae  of  column 
in  ixM^ies 


4X6 

S4  round . . 

6X6 

6X8 

6XIO 

iH  round . . 

SX8 

8XIO 

8Xia 

9Hnytind.. 

loXio 

loXia 

10X14 

iiH  round. 

i   L2XI2 

UXI4 

uXi6 

14X14 

;  16x16 

I  18x18 

I  »Xao 


Length  of  column  in  feet 


xSicx) 
19590 

50  300 

40300 
50400 
38540 
64000 
Soooo 
96000 
70900 
100  000 

Z2O00O 
140000 
103900 
144000 
168000 
193000 
196000 
256000 
324000 
400000 


16800 
18760 
28800 
38400 
48000 
37130 

54  400 
68000 
81600 
61970 
100  000 
120000 
140000 
103900 
144000 
168000 
192000 
196000 
256000 
324000 
400000 


15360 
17550 
27400 
36.500 
4560Q 
35710 
52500 
65600 
78700 
60  190 
85600 
102700 
119  800 
90912 
144000 
168000 
192000 
196000 
256000 
324000 
400000 


16 


18 


24500 
32600 
40800 
32890 
48600 
60800 
73000 
SO  580 
80800 
97000 
113  100 
86550 
121  000 
141  100 
161  300 
169  100 
225300 
289400 
400000 


46700 

S3  400 
70  100 
54800 
78400 
94100 
109800 
84  160 
118  100 
137800 
157400 

i6sr 
221  400 

28|  100 
356800 


76  000 
91  200 
106400 
82290 

lis  200 
134400 
153600 
162  400 
217600 
280800 
352000 


• 

109440 
127680 
145920 
155800 
209900 
272  160 
342400 


Table  IIL    Sale 


Loads  in  Pounda  fer  Deiicla*-14r  and  Spfade  Columna, 
Round  and  Square 


Sae  of  oolnnxn 


4X6 

S^xoond 

6X6 

6X8 

6X10 

7V^  round 

8X8 

8X10 

8XU 

9Vi  round 

10X10 

10X12 

10X14 

xi^  round 

12X12 

12X14 

UX16 

14X14 

MXiO 

16X16 


Length  of  column  in  feet 


issoo 

16650 

25704 

34272 

42840 

32740 

47870 

59840 

71808 

54  150 

85000 

102000 

119000 

88290 

122400 

142800 

163  200 

166600 

190100 

217000 


14  280 
15790 
24480 
32640 
40800 
31540 
46240 

69360 
52650 
78800 
89760 
104700 
79100 
110160 
128520 
146880 
166600 
190400 
217600 


13050 
14900 
23256 
31008 
37760 
30340 
44600 

SS  760 

66910 

51  ISO 

72760 

87300 
10x860 
77250 

107700 
125660 
143600 
149450 
170800 
217600 


14030 
22032 
29376 
36720 

29  140 
42970 

64460 

49580 
70720  ^ 
84860I  83 


16 


99000 

75400 

105  260 
122  800 
140  350 
IJ6600 
107500 
194700 


20808 
27744 
3<:68o 
27940 
41340 
51680 
62000 
48070 
68680 
_  82400 
580  96  ISO 
470  73550 
040;  102  800 
380^119950 
7:ra  137  080 
180  143  760 
900164300 
000  191  400 


26740 
39710 
49640 
59560 
46570 
66640 
80000 
93300 
71  700 
100360 
117  100 
133800 
140900 
161  000 
188200 


64600 
77  500 
90400 
69850 
97920 
114  240 
130560 
138080 
157800 
184900 


66160 
93000 
108520 
124030 
132400 
151  300 
178400 
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TaMe  IV.    Safo  Loads  in  Pounds  for  Chestnut,  Hemlock,  Short-Leaf 
Yellow-Pine  and  White-Pine  Columns.  Round  and  Square 


Sise  of  column 
in  inches 


4X6 

SVi  round 

6X6 

6X8 

6Xio 

7)^  round 

8X8 

8Xio 

^Xi2., 

9V^  round 

loXio 

loXia 

10X14 

iiVi  round. . . 

12X12 

12X14 

12X16 

14X14 

16X16 

18X18 

20X20 


Length  of  column  in  feet 


TaMe  V.    Safe  Loads  in  Pounds  for  Cedar,  Cypress,  Redwood,  Norway- 
Piaa  and  Whitewood  Columns,  Round  and  Square 


Size  of  column 
in  inches 


Length  of  column  in  feet 


4X6 

SM  round 

6X6 

6X8 

6X10 

7M  round 

8X8 

8X10 

8X12 

gVi  mund 

roXio 

10X12 

10X14 

XI H  round... 

12X12 

12X14 

12X16 

14X14 1 122 

16X16 160 

18X18 202 

20X20 2S0 


10         12 


II 
18 
24 

yo 

23 
34 
42 

51 

000;  39 

000 


000 ^lOS 
000,120 
500,122 

000.160 

500  202 

000  2S0 


S50[  9 
730  11 
2i6|  17 
200  23 
360  26 
3801  22 
300  33 
480I  41 
450,  49 
000,  37 
400,  S3 
480  64 
560'  75 
390I  57 
000,  79 
000  93 
000  106 
500  no 
000  160 
500' 202 

000{2SO 


800'  8  700 
180]  10490 
352]  16490 
140  21  980 
920  27  480 
540'  21  660 
ISO  32  000 
44o|  40  000 
730  48  000 
860,  36800 
960;  52520 
800'  63000 
600  73500 
140,  55«oo 
780  78000 
170!  91  050 
300  104  ooo 
350  108  3=50 
OOO' 143  870 
50o|20i  500 

00O|250  000 


15  I  16 


1 


16  050, 

21  400 

26760 

21  260 

31  420 
39280 
47  no 
36230 
51800 
62  160 
72520 

55  170 

77180 

90  050, 
102  900 
107400 

142590 
183060 
250000 


15  620    . . , 

20830  .., 
26  040^  . . , 
20820!  ... 
308SO  29 

38560  37 
46270  44 
35  730  34 
51  080  49 
6t  300  59 
71510  69 
54550  S3 
76320  74 
89000  87 
loi  700  99 
106  400  104 
141  570  139 
x8i  760  179 
250  000  224 


700 
120 

544 
670' 
6401 

570I 
SOol 


48200    I 

57840    

67480    

100,  51  950]   

590-  72860,  69400 
020:  85  000  80  9o:r 
400'  97  150  92  5«^ 
460'  102  300  9S  4CX- 
260, 1 36  960  132  36c 
1701176580  171  40: 
500, 2J1  200  215  200  j 
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«.  Eccentric  Loading  of  Woodan  Columns 

General  Prindples.  When  the  load  on  a  short  column  or  post  is  not  axial, 
Uut  is,  when  the  column  supports  a  g^der  on  one  side  only,  or  when  the  weight 
frocn  <Hie  girder  is  much  more  than  that  from  the  others,  the  load  is  said  to  be 
eTCENTRic,  ond  the  distance  from  the  point  of  application  of  the  load  to  the  axis 
ul  the  column,  denoted  by  ^,  is  called  the  eccentricity  of  the  load.  It  is  evi- 
.iem  that  the  stress  in  the  column  will  increase  with  p,  and  that  the  total  unit 
ftiss  5,  on  the  side  of  the  column  in  which  the 
i.L-3presston  is  the  greatest  will  be  greater  than  for 
13  equal  a&xial  load. 

Fonnuln  for  Eccentric  Load.  Suppose  the 
eccentric  load  to  be  applied  as  shown  in  Fig.  1, 
iha  the  sectional  area  of  the  required  square  or 
rectangular  column  may  be  computed  by  the  fol- 
loving  fonnula: 

The  sectional  area  of  the  column  in  square 
*schesb 

A'P/S-^6PxP/Sd  (6) 

m  which  A  »  sectional  area  in  square  inches 
P  -  total  load  on  column  in  pounds 
Pi  —  eccentric  load  in  pounds 
S  »  safe  stress  in  pounds  per  square  inch 
p  —  distance  from  axis  of  column  to  cen- 
ter of  bearing  in  inches 
d  »  side  of  colunm  parallel  with  girder,  in 
mches 


ELEVATION 


y^/.?^ 
'<:'^/^, 


PLAN 


1.    Eooentric  Load*  on 
Wooden  Colunm 


In  assuming  the  value  of  5,  the  probable  ratio  of 
the  side  to  the  length  of  the  column  shoiild  be  taken 
into  account.  Thus  if  it  is  probable  that  the  length 
vin  not  exceed  12  times  the  side,  both  being 
measured  in  inches,  for  oak,  long-leaf  yellow-pine  or 
I>otiglas-&r  columns,  or  10  times  the  side  for  other 
moods,  then  the  value  of  S  for  short  columns  may 
be  taken.  If  the  ratio  will  probably  be  greater  Y]g. 
than  this,  then  the  probable  ratio  should  be  roughly 
cakdated  and  5  computed  for  that  ratio  by  the 
fonnula  given  for  colunms  more  than  10  or  12  diameters  in  length,  as  noted  in 
preceding  paragraphs. 

ExBinple  3.  The  lower  post  in  Fig.  1  supports  a  total  load  on  its  cap-plate 
ct  60  000  lb,  including  the  reaction  of  1 2  000  lb  from  girder  A .  What  should  be 
the  size  of  the  column  if  made  of  Douglas  fir  and  if  12  ft  in  height? 

Sdatiaa.  As  it  is  probable  that  the  column  will  have  to  be  10  in  square  S  may 
be  taken  from  Table  I.  With  a  factor  of  safety  of  s,  this  is  equal  to  4  500/5  - 
900  lb  per  sq  in.  Pi  —  12  000  lb,  i  —  10  in  and  p,  the  distance  from  the  axis  of 
the  column  to  the  center  of  bearing  of  the  girder  -  7  in.  Then  from  Formula  (6), 
tbeaectiona]  area  of  the  column  is 


60000      6X12000x7 


'  66.6-1-  56  «■  122.6  sq  in. 


900  900  X  10 

about  equivalent  to  a  12  by  la-in  square  column.    From  Table  m,  it  may  be 
uea.  that  an  8  by  lo-in  column  concentrically  loaded  wiU  carry  almost  60  000  lb. 
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Hence,  the  ecceatric  load  from  the  girder  increaaes  the  dimcnsioas  of  (he  cross- 
section  of  the  column  from  8  by  lo  to  X2  by  i3  in. 

For  wooden  columns  having  a  length  of  over  12  diameters  for  Douglas  fir  and 
spruce  axkd  over  10 'diameters  for  other  woods  the  safe  load  per  square  inch 
should  be  found  by  using  Formulas  (3),  (4)  or  (5). 

Example  4.  What  size  will  be  required  for  a  white-oak  colunm,  14  ft  in  length 
to  carry  a  total  load  of  56  000  lb,  16  000  lb  of  which  act  as  an  eccentric  load  from 
a  girder,  the  distance  from  the  center  of  bearing  of  the  girder  to  the  colunm  being 
2  in. 

Solution.  From  Table  II,  it  is  probable  that  at  least  a  10  by  lo-in  column 
will  be  required,  so  that  5  must  be  calculated  by  Formula  (2). 

length  in  in 


Substituting, 


i  -  I  OQo  -  10  X  .       ...    . 
breadth  m  m 

5-1 000  -  10  X  —  -  832  lb  per  aq  m 


Substituting  in  Formula  (6), 

56  OOP     6  X  16  000  X  7 
832    ■*■      83a  X 10 
equivalent  to  a  X2  by  12-in  column. 


ii- 


«>  68  +  80- 148  sq  in 


<.  M0tsl  Caps  and  Bolsters  for  Wooden  Colusma  ' 

Use  of  Metal  Post-Caps.  Whenever  wooden  posts  arc  used  in  tiers,  one 
above  another,  each  post  except  the  top  one  should  have  an  iron  cap-plate, 
and  the  upper  post  should  be  set  on  the  cap  of  the  post  below  and  not  on  the 
.  girder.  Where  a  wooden  post  supports  a  girder,  only,  a  wooden  bolster  may  be 
iised  in  place  of  the  cap  but  modem  approved  metal  post-caps  are  always  pref- 
erable to  wooden  bolsters.  Details  of  post-caps  and  bolsters  are  shown  in 
Chapter  XXn. 

7.  Crashing  of  Wood  Perpendicular  to  the  Grain 

Sale  ITnit  Stresses.  The  bearing  of  wooden  girders,  the  ends  of  columns 
resting  on  girders,  and  washers  on  truss-rods,  should  be  proportioned  so  that 
the  quotient  obtained  by  dividing  the  load  by  the  bearing  area  will  not  exceed 
the  safe  unit  stresses  given  in  Table  VI. 


Table  VI.    Cnishlng  Strength  of  Wood  Perpendlcnlar  to  the  Grain 


Kind  of  wood 

Crushing 

strength, 

lb  per  sq  in 

Kind  of  wood 

Crashing 

strength, 
lb  per  sq  in 

White  oak 

500 

Cedar 

200 

200 
ISO 

200 

ISO 

aso 

T^Anir-leaf  yellow  Dine ,   .... 

350 

Spruce 

Douglas  fir 

200 

JOO 

200 
aso 

Hfn^k)c1r 

Cypress 

White  pine 

Redwood 

ShorUeaf  y«ltow  pine 

Chestnut 
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8»  Cast-iron  Coluains* 

Cad-Iron  Varans  Steel  Columns.  Although  steel  is  being  used  more  and 
Bore  every  year  for  columns  in  buildings,  it  will  probably  never  entirely  supplant 
cast  iron  for  buildings  of  moderate  height.  For  skeleton  construction,  however, 
when  the  hdght  of  the  building  exceeds  twice  its  width,  riveted  steel  columns, 
with  riveted  connections  with  the  beams  and  girders,  are  unquestionably  better; 
but  for  the  larger  proportion  of  buildings  of  moderate  height,  cast  iron  will 
probably  have  the  preference  for  some  time  to  come  because  it  is  more  economi- 
cal 

Advantagas  of  Cast-iron  Colnmns.  The  commercial  advJEuitages  which 
favor  the  use  of  cast-iron  columns  are  these: 

(i)  Chaapneas.  As  far  as  the  cost  of  production  is  concerned,  cast  iron  is 
cheaper  than  steel.  This  consideration  alone  often  decides  in  favor  of  its  em- 
ployment. The  raw  material  is  easily  transported  as  pig  iron  is  sometimes 
btougtit  over  as  ballast;  so  that  competition  with  foreign  countries  keeps  down 
the  price. 

(a)  AvailabOity.  Cast  iron  is  the  most  available  form  of  iron.  An  iron- 
foundry  requires  no  very  elaborate  plant,  scarcely  more  than  a  few  furnaces 
and  sand  molds,  and  moreover,  no  very  extensive  capital  is  required  to  operate 
it;  consequently,  the  product  may  be  obtained  in  almost  any  locality.  In 
roUing-miUa,  on  the  contrary,  the  machinery  must  be  very  heavy  in  order  that 
it  may  overcome  the  enormous  pressure  due  to  the  resistance  of  the  steel  in 
colling,  and  to  operate  it  requires  a  great  amount  of  power. 

(3)  Readiness  with  Which  it  May  be  Obtained.  Columns  and  other  struc- 
tural members  if  made  of  cast  iron  may  be  obtained  much  more  quickly  than  if 
made  of  steel.  After  the  pattern  has  once  been  prepared,  a  dozen  castings  may 
be  made  almost  as  quickly  as  one,  and  with  but  very  little  extra  cost,  except 
that  of  the  additional  raw  material  and  the  expense  of  remelting  it.  On  the 
other  hand,  colunms  and  girders  built  up  of  rolled  sections  take  considerably 
kxiger  to  make.  Sections  can  be  pimchcd  only  one  at  a  time,  and  if  they  do 
not  happen  to  be  of  some  standard  length,  they  must  be  cut  and  fitted  separately 
before  all  can  be  finally  riveted  together. 

(4)  Fhjaical  Advantafea.  Cast  iron  is  one  of  the  best  materials  to  resist 
compression,  its  ultimate  compressive  strength  being  as  high  as  80  000  lb  per 
aq  in  and  even  higher.  Moreover,  it  can  be  molded  into  almost  any  desired 
form,  and  lugs,  brackets  and  flanges  may  be  cast  upon  a  column  all  in  one  piece 
thus  greatly  simplifying  the  cost  of  erection.  In  fact,  the  ease  with  which  the 
beam  and  girder-connections  can  be  made  is  one  of  the  chief  reasons  for  the 
popularity  of  cast  iron.  Finally,  it  resists  fire  better  than  steel  and  it  corrodes 
less  easily.  Because  of  this,  its  use  is  advocated  by  many  for  the  wall  columns 
of  skeleton  structures,  as  these  colunms  are  particularly  liable  to  corrode.  In 
the  Mutual  and  Manhattan  Life  Insurance  Company's  Buildings  in  New  York 
City,  for  example,  the  wall  colunms  are  of  cast  iron,  whereas  the  interior  ones 
are  of  steel. 

Disadvantages  of  Cast-Iron  Colunms.  The  disadvantages  of  cast  iron  for 
columns  are  as  follows: 

(i)  Physical  Diaadvantages.  Cast  iron  is  hard  and  brittle  and  cannot  be 
punched  or  riveted,  as  the  blows  required  in  driving  the  rivets  would  very  likely 
fracture  the  castings;  consequently,  all  connections  have  to  be  made  with  bolts. 
A  bolted  connection  even  under  the  most  favorable  conditions  is  not  very  rigid, 

*  See,  sbo.  Chapter  Xni.  pagBs  44s  to  447. 
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as  it  allows  more  or  less  lateral  movement,  which,  in  the  case  of  a  tall,  narrow 
building,  is  a  serious  matter.  Owing  to  the  low  tensile  and  shearing  strengths  of 
cast  iron,  the  brackets  supporting  beams  and  girders  are  unreliable  and  require 
great  skill  in  designing.     (See  pages  445  to  447.) 

(a)  Defects  in  the  Castinss  and  the  Difflcolties  of  Thorough  InspectioiL.  The 
castings  themselves  are  subject  to  a  number  of  serious  defects.  In  the  first  place, 
owing  to  the  shifting  or  floating  of  the  cores,  variations  in  the  thickness  of  hollow 
castings  are  not  infrequent;  in  fact,  it  is  very  difficult  to  avoid  them  even  with 
the  best  care  and  workmanship.  Moreover,  there  are  apt  to  be  concealed 
cavities,  blow-holes  or  honeycomb,  and  foreign  substances,  such  as  cinders  and 
sand,  any  of  which  may  be  on  the  inside  of  a  casting,  where  a  careful  ezamina* 
tion  often  faib  to  reveal  them.  The  most  critical  condition,  however,  is  that 
due  to  the  uneven  contraction  of  the  metal  during  the  process  of  cooling,  the 
thin  parts  of  the  casting  cooling  and  contracting  more  quickly  than  the  thick, 
ones,  thereby  giving  rise  to  initial  stresses,  at  times  of  sufficient  intensity 
to  fracture  the  casting  before  any  external  loads  whatever  have  been  f>laccd 
upon  it.  In  many  cases  this  trouble  is  due  to  faulty  designing  or  to  carelessness 
in  handling  the  molds;  yet,  even  under  the  most  favorable  conditions,  it  is  so 
difficult  to  secure  equal  radiation  from  the  molds  in  all  directions  that  castings 
entirely  free  from  inherent  shrinkage-stresses  are  probably  seldom  produced. 


9.  Design  of  Cast-Iron  Columns 

Common  Forms  of  Cast-Iron  Columns.  Figs.  2,  3  and  4  show  some 
common  forms  of  cross-sections  of  cast-iron  columns.  Columns  of  circular  or 
rectangular  cross-sections  are  always  made  hollow  and  the  diameter  should  be 
made  as  large  as  possible,  within  reason  of  course;  because  of  two  colimins 


^2^ 


mm. 


-^ 


Fig.  2 


Fig.  3 


WfYraYiVin. 


Fig.  4 


Figs.  2,  3  and  4.    Cross-sections  cf  Cast-ixon  Columns 

having  the  same  area  of  cross-section,  the  one  which,  within  certain  limits,  has 
the  greater  diameter,  and  consequently  the  thinner  shell,  is  the  stronger.  Thu 
maximum  thickness  of  shell  is  1^4  or  a  in,  because  of  the  difficulty  of  keeping 
the  core  from  shifting  in  columns  of  greater  thickness;  and  the  minimum  thick- 
ness is  94  in.  The  latter  is  a  requirement  of  most  municipal  building  codes. 
As  the  maximum  limit  of  diameter,  16  in  may  be  taken;  beyond  thjs,  built-up 
steel  columns  can  be  used  to  better  advantage  and  are  less  expensive.  The 
minimum  diameter  i)ermitted  by  most  building  codes  is  5  in,  and  the  unsupported 
length  of  the  colunm  is  limited  to  20  times  the  least  diameter. 

HoOow,  Cylindrical  Cast-Iron  Columns.  The  most  economical  form  of 
cross-section,  as  far  as  structural  requirements  are  concerned,  b  the  hollow 
aacLE  (Fig.  2).  This  form  is  generally  used  for  interior  colunms;  but  for  ex- 
terior columns  it  is  not  so  desirable,  because  such  columns  cannot  be  bonded  into 
walls  so  readily,  and  do  not  present  the  same  facilities  for  the  design  of  the  beam 
and  girder-connections  as  columns  having  the  other  forms  of  cross-sections. 
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Fig.  5.    Connections  for  Cylindrical  Cast-ixon  Columns 


Typieal  Connections  for  a  Cylindrical  Cast-Iron  Column.  Fig.  5  shows 
the  details  of  a  cylindrical  cast-iron  column  with  typical  beam  and  girder-con- 
nections, dimensions  and  spedhcation-notes.  (See,  also,  details  of  connections, 
brackets,  base-plates,  etc^  for  cylindrical  columns  in  Chapter  XIII,  Figs.  2,  3 
and  7  and  Table  III  of  same  chapter.) 
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Cast-iron  Colonms  with  Hollow-Square  Cross-Section.  The  columns 
next  in  point  of  economy  of  cross-section  are  those 
with  the  HOLLOW-SQUARE  cross-section  (Fig.  3). 
They  are. generally  used  for  wall  columns  because 
it  is  easier  to  bond  them  into  the  masonry  than  if 
they  had  a  circular  section.  Columns  of  hollow 
rectangular  cross-section  of  unequal  sides  are  some- 
times found  to  be  more  available  than  those  of  square 
section. 
The  H-Shape  Column  (Fig.  4)  ranks  third  ia 

regard  to  economy  of  material.    It  is  particularly  well  adapted  for  wall  columns 

in  skeleton  construction  for  the  following  reasons: 


Fig.   6.     H-«haped    Cross- 
sectioD  of  Cast-iron  Column 


Wlnm  bete  goihxou^hhsrMIUiamgtti^ 
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*'8t«al  topsUlM,  BotlMi  Omb  ^4bMt,  of  tbvilw 
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and  of  "»**^AT\  fhicknew.^ 
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iaf  jima  or  flanvea  to  be  ia  Che  wcy . 


Fig.  7.    Connections  for  It-shaped  Ca«t-iron  Column 


(i)  Being  entirely  open,  with  both  the  interior  and  exterior  surfaces  exposed, 
any  inequalities  in  thickness  can  be  readily  discovered  and  the  thickness  itsdf 
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easly  measured,  thus  obviating  any  necea^ty  for  drilling,  and  rendering  the 

inspectiofi  of  the  columns  much  easier. 
(2)  The  entire  surface  of  the  coliunn  may  be  protected  by  paint< 
fj)  When  built  In  brick  walls  the  masonry  fills  all  voids,  so  that  no  open  space 

is  left;  and  if  the  column  is  placed  as  shown  in  Fig.  6,  only  its  edges  come  near 

the  face  of  the  waU. 

(4)  Lugs  and  brackets  can  be  cast  on  such  colunms  more  readily  and  effectively 
than  on  cylindrical  columns,  especially  for  wide  and  heavy  girders,  and  the 
omnections  do  not  require  projecting  flanges,  which  are  often  in  the  way  on 
cylindrical  oolumns. 

(5)  An  eccentric  kiad  may  bo  applied  to  the  web  where  its  effect  is  less  and 
where  it  is  more  evenly  distributed  than  when,  it  is  applied  to  the  outer  rim  or 
shdL 

Details  of  connections  and  brackets  for  H  shaped  cast-iron  columns  are  shown 
in  Fig.  7. 

Detafls  of  Connections  of  Cast-iron  Columns.  The  bearings  of  a  cast- 
iron  colunm  should  always 
be  faced  true  to  the  axis  of 
the  column,  and  the  columns 
shotUd  be  bolted  together  by 
four  H-in  bolts  for  columns 
10  in  in  diameter  or  less,  and 
by  six  bolts  for  12-in  and 
larger  columns.  Faced 
plates,  as  shown  in  Fig.  5, 
are  inserted  between  the 
flanges  of  columns  to  make 
up  for  any  shortage  in  length 
and  also  when  a  column  of 
smaller  diameter  is  placed 
over  one  of  greater  diameter. 
For  convenience  in  erecting 
columns,  the  joint  is  gen- 
erally  placed  just  above  the 
beams  or  girders  supported 
by  the  colunms. 

Projecting  Caps  and 
Bases.  A  column  with  or- 
namental cap  and  base  should 
never  be  cast  as  shown  in  Fig.  S,  that  is,  if  it  is  to  support 
i.  load.  In  evety  bearing  colunm,  the  core  should  extend 
in  a  straight  line  from  end  to  end.  Plain  molded  caps  and  bases  may  be  cast 
sotid  as  in  Fig.  9;  but  if  more  ornamental  caps  are  desired,  or  heavy  projecting 
bases,  they  should  be  cast  separately  and  attached  to  the  straight  colunms  by 


Fip-  8.    Cast-inm  Cdumn  with 
Cap  and  Base.    Wrong  Method 


Fig.  9.  Cast-iron 
Column  with  Cap 
and  Base.  Slight 
Projections 


It.  Strength  of  Cast-Iron  Columns.    Formnlas 

PormnlAS  for  Cast-Iron  Columns.  The  ultimate  resistance  of  cast  iron 
to  crushing  is  generally  taken  at  80  000  lb  per  sq  in,  and  for  posts,  pintels,  etc., 
where  the  length  is  not  more  than  six  times  the  diameter  or  breadth,  it  will 
usually  be  safe  to  assume  a  woeking  strbnoth  of  six  tons  per  square  inch  of 
metaL    For  longer  posts  or  columns,  the  strength  Is  affected  by  the  ratio  of 
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length  to  diameter,  but  to  just  what  extent  is  not  known  with  absolute  certainty  ; 
hence  all  formulas  for  columns  must  be  more  or  less  theoretical.  The  conse- 
quence is  that  while  a  great  many  formulas  have  been  published,  there  is  none 
that  b  universally  accepted.  The  two  following  Formulas*  (7)  and  (8),  however, 
are  perhaps  now  more  commonly  adopted  than  any  others,  as  they  appear  to 
agree  as  well  as  any  with  actual  tests. 

Formula  for  Hollow,  Cylindrical,  Cast-Iron  Columns  with  Square  Bnds 

Ultimate  strength,  in  pounds 

r«  /  SQ  of  length  in  in     \~|  .  . 

«  metal-areax     8oooo  +  (  1  +  ~- — . ^-r-  (7> 

L  \        800  X  sq  of  diam  m  m  /J 

or 

Ultimate  strength,  in  pounds 


80000^ 


i  +  r'/8oorf» 
in  which  A  is  the  area  of  the  cross-section  in  square  inches. 

*  The  tables  in  the  handbook  of  the  Cambria  Steel  Company  are  based  on  Formulas  (7) 
and  (8),  and  they  have  been  adopted  in  the  Boston  building  laws.  They  are  baaed  upon 
the  fonn  of  Gordon's  formula,  which  in  turn  is  Rankinc's  formula  with  d,  the  diameter 
or  least  lateral  dimension,  substituted  for  r,  the  least  radius  of  gjration  of  the  cross-sec- 
tion. Ranklne's  formula  is  sometimes  referred  to  as  Gordon's  formula.  The  values 
obtained  by  these  formulas  will  be  slightly  in  excess  of  those  given  in  the  Chicago  building 
law  (see  tabulation  in  this  footnote),  and  considerably  less  than  those  permitted  by  the 
building  law  of  New  York  City,  S  «■  13  000  —  30  l/r. 

In  1898  Professor  W.  H.  Burr  made  an  analysis  of  the  results  of  a  number  of  experi- 
ments on  full-size,  hollow,  cylindrical  cast-iron  columns  made  at  the  Watertown  Arsenal, 
Mass.,  and  at  Phcenixville,  Pa.,  and  by  plotting  the  results  found  that  a  straight-line 
formula  having  the  equation  5  «  30  500  —  z6o  l/d,  in  which  S  is  the  ultimate  strength  of 
the  metal  per  square  inch  of  column^area,  represented  the  average  of  the  plotted  results. 
With  a  factor  of  safety  of  4  thb  would  become  S  "  7  62$  --  40  l/d  and  with  a  factor  of 
safety  of  5,  5  —  6  100  —  32  l/d. 

According  to  Professor  Burr's  analysis  the  values  for  .S  given  in  the  fourth  column  of 
Table  VII  represent  a  factor  of  safety  of  a  little  over  4  for  l/d  *  20,  and  of  nearly  7  for 
l/d  -  36. 

Formulas  for  finding  the  values  of  S  according  to  the  various  building  codes. 


Cylindrical  columns                 ' 

Chicago 

Boston 

Chicago                       Boston 

10  000 

10  000 

10000 

10  000 

6ood* 

1+     "" 

8ooi»          1 

'+80!,* 

'  +  ioa6rf. 

The  New  York  City  Building  Code  Formula  is 

5  -  13000  — 3o//r 

Compared  with  the  results  of  tests  that  have  been  made  on  full-size  cast-iron  columns  it 
has  been  shown  that  while  in  Chicago  a  factor  of  safety  of  8  is  allowed,  the  actual  factor 
of  safety  is  a  little  over  4,  that  in  Boston  it  b  slightly  under  4.  while  in  New  York  it  is  a 
trifle  over  6.  Great  care,  therefore,  should  be  taken  in  th:  calculations  for  cast-iion 
columns,  as  the  above  comparison  shows. 

A  series  of  tests  on  full-size  cast-iron  cdumns  and  brackc'. ',  was  made  under  the  direc> 
tJon  of  Stevenson  ConsUble,  in  December,  1897,  a  report  of  which,  with  illustiatioos, 
may  be  found  in  the  Engineeriog  Record  for  Janaary  8  and  22, 1898. 
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FonnaU  for  HoOow,  Rectaacnlar,  Cast-Iron  Cdumns  with  Square  Bods 
ndsiate  strength,  in  pounds 

r  /  sq  of  length  in  in  \~1 

-metal-areax     8oooo  +  {i+  —7-^ ,'.,..  (8) 

L  \        1 067  X  sq  of  least  side  in  in  /J 

or 

xTi  .  1    .  ,  8ooooi4 

Ultimate  strength,  in  pounds  «  • 


i  +  ^/io67d« 
a  vfaicfa  A  is  the  area  of  the  cross-section  in  square  inches 

Ponnaia  for  Solid,  CyUndrical,  Cast-iron  Columns 
Htimate  strength,  in  pounds 

.  .  r«  .       sq  of  length  in  in    ~l  ,  . 

-metal-areax     80000+1+  -~- z-J- ^-^\  (9) 

L  266  X  sq  of  diam  m  m  J 

or 

Ultimate  strength,  in  pounds » ^,  ^^  ^ 

i  +  /»/266</« 

b  vfaich  A  is  the  area  of  the  cross-section  in  square  inches. 

For  H-shaped  columns  use  formula  (7),  taking  d  as  the  least  side. 

The  sate  load  is  generally  taken  at  one-eighth  of  the  ultimate  strength  or 
t^eaking-load. 

Eceentric  Loading.  Cast-iron  columns  should  not  be  loaded  with  a  heavy, 
liXEKXKic  LOAD,  that  is,  a  load  applied  on  one  side  of  the  column  without  a 
corresponding  load  on  the  other  side,  as  cast  iron  is  unable  to  resist  very  great 
bending  stresses.  (See,  also,  eccentric  loading  of  wooden  and  steel  columns, 
pages  453  and  485.)      ' 

11.  Tables  of  Safe  Loads  for  Cast-iron  Columns.  Examples 
Explanation  of  Tables.  As  the  allowable  pressure  per  square  inch  of 
HET.'ki.  depends  upon  the  ratio  of  length  to  diameter,  without  regard  to  actual 
dimensioiis  (that  is,  it  would  be  the  same  for  a  column  6  in  in  diameter  and  12  ft 
bog,  as  for  one  8  in  in  diameter  and  16  ft  long),  it  is  practicable  to  prepare  a 
tabfe  which  will  give  the  value  of  the  terms  of  Formulas  (7)  and  (8)  inclosed  in 
brackets  for  all  ratios  of  diameter  to  length,  and  thus  simplify  very  much  the 
Gompatation  for  any  particular  column.  Table  VII  has  been  computed  by 
nxaas  of  Formulas  (7)  and  (8)  for  ratios  of  length  to  diameter  varying  from  8 
to  36,  and  the  same  result  will  be  obtained  by  using  the  values  given  in  this 
table  as  by  using  the  corresponding  formula.  To  use  this  table  it  is  only  neces- 
sary to  divide  the  length  of  the  colunm  by  the  least  thickness  or  diameter,  both 
b  inches*  and  opposite  the  nimiber  in  t^e  first  column  of  the  table  coming  nearest 
to  the  quotient,  find  the  sate  strength  per  square  inch  for  the  column. 
This  load  is  multiplied  by  the  uetaI/-area  in  the  cross-section  of  the  column 
sad  the  result  is  the  safe  load  for  the  colunm.  Examples  (5)  and  (6)  will  illus- 
trate the  use  of  Tables  VII  to  X. 

Eiample  5.  What  is  the  safe  load  for  a  lo-in  hollow,  cylindrical  cast-iron 
cotumn,  15  ft  bng,  the  shell  being  i  in  thick? 

SolatioB.  In  this  case  the  ratio  //i,  which  is  the  length  of  the  column  divided 
by  the  diameter,  both  in  inches,  is  18,  and  opposite  18  in  Table  Vll  the  safe 
bad  per  square  inch  for  a  cylindrical  column  is  found  to  be  7  1 17  lb.  The  metal- 
area  of  the  column,  from  the  table  of  areas  of  circles,  page  42,  is  equal  to  the 
area  of  a  lo-in  drde  minus  the  area  of  an  8-in  circle,  or,  78.53  —  50.26  «  28.27 
sq  m.  Multiplying  these  two  together,  for  the  safe  load  of  the  column  the  result 
l>  28.27  sq  in  X  7  117  lb  per  sq  in  »  201 197  lb,  or  about  xoo.5  tons. 
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Tables  Vm,  IX  and  Z.  To  still  further  fadUtate  computaUoos*  Tab 
VIII,  IX  and  X,  have  been  prepared,  which  give  at  a  glance  the  safe  loai 
based  on  a  factor  of  safety  of  8,  for  columns  of  the  more  common  sizes  a 
lengths.  For  lengths  between  those  given  in  the  tables  sufficiently  accurs 
results  may  be  obtained  by  interpolation.  For  any  other  factor  of  saJei 
multiply  the  safe  load  given  in  the  table  by  8,  and  divide  by  the  new  fad 
of  safety. 

Example  6.    What  is  the  safe  load  for  a  9-in  hollow,  cast-iron  column 
square  cross-section  X2  ft  long,  the  shell  being  i  in  thick? 

Solntion.  From  Table  IX,  the  safe  load  is  129  tons.  The  same  result  nu 
be  obtained  by  using  Table  VII.  The  ratio  l/d  in  this  case  is  144/9  «  16  ai 
the  corresponding  safe  load  in  pounds  per  square  inch  is  8  064.  The  area 
the  column  is  3a  sq  in.  Hence,  the  safe  load  is  32  sq  in  X  8  064  lb  per  sq  in 
258  048  lb,  or  129  tons,  which  agrees  with  the  safe  load  given  in  Table  IX  f 
the  same  column. 


Table  VII.    BreaUng-Loads  and  Safe  Loads  in  Pounds  per  Square  Inch 
for  Hollow,  Cylindrical  and  Hollow,  Rectangular,  Cast-Iroa  Cotvmas 

Calculated  by  Formulas  (7)  and  (8) 


Length  in 

Breaking-w«|ght  in  pounds 

Safe  loads  in  pounds  per 

inches  divided 
by  external 

per  square  inch 

square  inch.    Safety- 
factorS 

breadth  or 
diameter 

Cylindrical 

Rectangular 

Cylindrical 

Rectangular 

8 

74074 

7S470 

9SS9 

9433 

9 

72661 

74  350 

9082 

9293 

10 

71  110 

73126 

8888 

9140 

It 

69505 

71870 

8688 

8983 

13 

67  800 

70487 

8  475 

8  Six 

13 

66  060 

69084 

8257 

86i35 

14 

64257 

67567 

8032 

8446 

15 

62450 

66  060 

7«o6 

8aS7 

x6 

60  606 

64516 

7576 

8064 

'    n 

58780 

62942 

7  347 

7867 

18 

56940 

61360 

7117 

7670 

19 

55134 

59  745 

6892 

7468 

90 

53  333 

58180 

6666 

7272       ' 

az 

51580 

566x0 

6447 

7076 

22 

49843 

55<)20 

6230 

6877 

a3 

48163 

S3  470 

6030 

6684       1 

24 

46512 

5x950 

5814 

6494       1 

25 

44918 

$0440 

5614 

630s 

26 

43360 

48960 

5420 

6x20 

27 

41862 

47530 

5233 

5940 

a6 

40404 

46  no 

So$o 

S7«4        1 

29 

39000 

44742 

4875 

5593 

30 

37647 

43390 

4706 

5424 

31 

36347 

42080 

4543 

Sa«o 

3a 

35090 

40816 

4386 

5102 

33 

33884 

39580 

4235 

4947 

34 

32720 

38380 

4090 

4797 

35 

3160B 

37344 

39SI 

46SS 

36 

30534 

36130 

3817 

4SIS 
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Tkbte  vnL     Sde  Loads  in  Tons  of  a  ooo  potsnis  for  HoUow.  CjUnOtUuX, 
Cast-iron  Columns  with  Squaro  Ends 

Based  oo  Formula  (7).    Sjiety -factor  S 


r 

eter. 
in 

Thick- 
ness, 
in 

Length  of  columr 

in  fwt 

Area  of 
metal, 
sqin 

Weight, 
linft 

6 

8 

10 

12 

14 

16 

i3 

20 

^ 

24 

c 

n 

H 

45 

3ft 

10. 0 
XX. 3 

XI. 2 

12.7 

31.3 
35.3 

35.0 
397 

38.7 

44.0 
490 

46.0 
52.6 
S8.9 

<».7 

SH 

46 
52 

40 
46 

26 
29 

n 

I 

66 

47 
S3 

59 

39 

27 
31 
34 

24 

27 

JO 

12.4 
X4.I 
xS-7 

' 

H 

z 

65 
74 
^3 

60 
68 
76 

I 

43 
49 
54 

3> 

43 

x8.8 

I 

78 
«9 
100 

72 
83 
93 

; 

71 

SO 

45 
51 
S8 

40 
46 
52 

36 

41 
47 

33 
37 
42 

X7.1 
19.6 
22.0 

I 

103 
117 
129 

98 
no 

122 

I 

80 
90 
99 

7X 
80 
89 

6S 

i? 

74 

1} 
67 

49 

If 

22.3 
25. 1 
27.8 

69.8 
87.0 

10 

H 

I 

118 

133 

iia 
I»7 

141 

154 

II 

I 

L 

93 

IS 

127 

97 
X07 

99 
109 

11 
91 
xoo 

92 

62 
69 
77 
84 

25.  X 
28.3 
31  4 
34.4 

78.4 
88.4 
98.0 
107.4 

II 

I 

iH 
iH 

;6i 

182 

143 
159 
I7S 
190 

I 
I 
II 
li 

122 
135 
148 
x6i 

139 

X5I 

106 
118 
129 
X40 

98 
109 

120 
X30 

91 

lOI 

III 

12 1 

85 
94 
103 
1X2 

3X.4 

^^ 
38.3 

41.6 

98.2 
109. 1 
119  7 
129.9 

11 

X84 

aoa 

320 

237 

178 
195 
212 
229 

171 
188 
204 
220 

163 

179 
194 
210 

154 

IS 
.99 

146 
x6o 
174 
187 

137 

176 

xa8 
141 

X20 
132 
143 
154 

ixa 

123 
133 
144 

3B.4 
42.2 
45  9 
495 

X20.X 

131. 9 

143.4 

154.6 

"^ 

iH 

202 
222 

261 

196 
216 
235 
254 

190 
145 

182 

2C» 
218 

235 

X74 
X9I 

208 
224 

i6s 
181 
197 
2x3 

XS6 
172 
187 
201 

147 
X62 
176 
190 

138 

179 

130 

i 

420 
46.1 
50.2 
54.2 

131. 2 
X44.2 

1  "* 

1 

iH 

X 
S 

236 
258 
fl78 
398 

229 

250 

221 
241 
260 
279 

212 
MS 

203 
221 

^?? 
256 

193 
210 
227 
243 

i83 
199 
215 
231 

173 
189 
204 
219 

164 
178 

X93 
207 

So.x 
54.5 

156.5 

197.4 

! 

268 

3S4 

280 
303 
32s 

346 

272 
316 

337 

264 

327 

254 
275 
295 
3IS 

244 
264 
283 
302 

234 

252 
27X 
288 

223 
241 

212 

203 
219 
235 
251 

ii 

X83.9 
203.4 
213.4 

227.6 

x6 

in 

455 

327 
351 

Si 

319 
435 

3x0 
423 

300 
32a 

344 

410 

290 

311 
332 
395 

278 

299 
380 

267 
286 

364 

255 
273 
292 

347 

26X 
279 
332 

68.3 

Hi 

93.2 

2135 
229.3 
244.8 
291.3 
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Table  IX.    Safe  Loads  in  Tons  of  2  000  Pounds  for  Hollow,  Square  and 
Rectangular,  Cadt-Iron  Columns,  with  Square  Ends 

Based  on  Formula  (8).    Safety-factor  8 


Size, 


4X  6 
4X  8 
4X9 
4X10 
4X12 

SX  8 

5X9 

SXio 

SX12 


6X  6 
6X  8 
6X  9 

6X10 
6X13 
6X1S 

7X  7 
7X  9 
7X12 

8X  8 

8X10 

8X12 


Thick- 


H 
H 

H 

H 


H 
I 

H 

X 


Length  of  column  in  feet 


41 
SI 
56 
60 
70 

64 
81 
69 
89 
75 
96 
86 
III 

63 
80 
75 
96 
81 
104 

87 

113 

99 
129 
117 
153 

80 

103 
93 
119 

in 
144 


I 
H    I  95 

I    I  134 

iH   148 

H    I  109 

I 

lU 

H 
1 
iM 


34 
43 
46 
SO 
59 

55 
71 
60 
78 
65 
84 
74 
97 

57 
72 
68 
87 
73 
94 

79 

lOI 

90 
116 
ic6 
138 

73 
94 
8S 
109 
loa 
133 

90 
115 
140 
103 
133 
161 

lis 
148 
181 


3S 
39 
43 
49 

48 
61 
53 
67 
57 
73 
65 
84 

51 
6S 
60 
78 
65 
84 

70 

91 
80 

104 
95 

133 

67 
85 

77 

TOO 

93 

131 

83 

107 
129 

95 

133 
148 

Z06 
138 
167 


41 

S3 

45 
58 
49 
63 
56 
73 

45 
57 
54 
69 
S8 
75 

63 
80 
71 
93 
84 
109 

61 
78 
70 
91 
85 
no 

77 
99 
"9 
87 
113 
137 

98 
137 
154 


16 


55  49 

70  I  63 

63  .  57 

83  I  74 

77  !  69 

99  89 


104   95 
135   IIS 


Area  of 

metal, 
sq  in 


57 
51 
66 
62 
80 

59 
76 
91 
67 
86 
los 

75 
97 
118 


Weight. 


13.75 
IS  75 
17  35 
18.75 
31-75 

17.35 
33.00 

18.75 
34.00 

30.35 
36.00 
33.35 
30.00 

15  75 

30.00 
18.7s 
34.00 
30.35 
26.00 

31.75 
38.00 
34.7s 
33.00 

39-35 

38.00 
18.7s 

34.00 
31.75 
38.00 
36.35 
34.00 

31.75 
38.00 
33.75 
34. 75 
33.00 
38.75 

37.7s     I 
36.00     I 

43.75  ; 
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Table  IX  (Cootianed).    Safe  Loadi  in  Tpni  of  aooo  Ponnds  for  Hollow, 
Square  and  Rectangular,  Cast-Iroa  Columns,  with  Square  Ends 

Based  oo  Fonnula  (8).    Safety-factor  8 


1 

(Length  of  column  in  feet 

Size,  1 

Thick- 
ness. 

Area  of 

metal, 

Weight. 

in   1 

1 

'  lin  ft 

in 

8 

10  1  la 

14 
ISS 

16 
142 

18 

ao 
119 

24 

sq  in 

8X16 

I 

193 

i8x 

168 

130 

99 

44.00 

137.5 

iV4 

236 

221 

ao6 

190 

174 

159 

145 

121 

53  75 

16S.0 

9X  9 

H 

III 

106 

99 

93 

86 

80 

74 

63 

24  75 

77.3 

I 

144 

137 

129 

120 

112 

103 

96 

85 

32.00 

100.0 

9Xi2 

I 

171 

162 

153 

143 

133 

123 

114 

97 

.38.00 

118. 8 

lU 

209 

198 

186 

174 

i6a 

149 

138 

118 

46.25 

144.5 

9Xi6 

I 

207 

196 

18S 

173 

161 

149 

138 

117 

46.00 

143.8 

! 

in 

254 

240 

226 

212 

197 

182 

16S 

143 

56.25 

17.5.8 

loXio 

I 

i6s 

158 

150 

142 

133 

125 

117 

lOI 

36.00 

112. 5 

iV4 

301 

193 

183 

172 

i6a 

152 

142 

123 

43.75 

1.36.7 

10X12 

I 

184 

176  1  167 

IS8 

148 

139 

129 

Z12 

40.00 

125.0 

iH 

224 

214  204 

192 

181 

169 

158 

137 

48.75 

152.3 

xoXiS 

X 

211 

1 
202  1  19a 

181 

170 

160 

149 

129 

46.00 

143  8 

iH 

258 

247  '  23s 

222 

209  195 

182 

158 

56.25 

175.8 

;  10X16 

I 

220 

211  j  200 

189- 

178 

167 

155 

135 

48.00 

iso.o 

iM 

270 

258  24S 

232 

218 

204 

190 

i6s 

58.7s 

183  6 

1  10X18 

I 

239 

228  1  217 

20s 

193 

x8i 

168 

146 

52.00 

162. 5 

iM 

293 

280  j  266 

2SI 

236 

221 

207 

179 

63.75 

199  2 

loXao 

I 

257 

246 

234 

221 

208 

194 

181 

157 

56.00 

175. 0 

. 

iW 

316 

302 

287 

271 

255 

239 

223 

193 

•6875 

214  9 

[  10X24 

I 

294 

281 

267 

252 

237 

222 

207 

180 

64.00 

200.0 

1 

iH 

362 

346 

329 

3" 

292 

274 

255 

221 

78.75 

246.1 

1  12X12 

li 

183 

177 

171 

164 

156 

149 

141 

126 

38.90 

121. 7 

, 

I 

207 

201  '  193  I 

185 

177 

168 

159 

142 

44.00 

137. 5 

iH 

253 

24s 

236 

223 

216 

206 

19s 

174 

53.75 

168.0 

iH 

296 

288 

277 

265 

253 

241 

228 

204 

63.00 

196.9 

12X1S 

I 

23s 

228  '  220 

211 

201 

191 

181 

162 

50.00 

156.3 

iV4 

388 

280 

269 

258 

246 

234 

222 

198 

6X.25 

19x4 

1  12X16 

1 

245 

237 

228 

219 

209 

X99 

188 

168 

52.00 

162.5 

12X18 

I 

263 

256 

246 

236 

225 

214 

203 

181 

56.00 

175  0 

1  12x20 

I 

282 

274 

264 

253 

241 

229 

217 

194 

60.00 

187.5 

1  12X24 

I 

320 

310 

299 

287 

274 

260 

246 

220 

68.00 

212. s 

'  i4Xx6 

I 

268 

261 

254 

246 

238 

229 

4X9 

aoo 

56.00 

X75.0 

14X20 

1 

.107 

29S 

290 

281 

272 

a6i 

250 

228 

64.00 

200.0 

14X24 

I 

345 

■336 

326 

3x6 

306 

294 

280 

257 

72.00 

225.0 

16X16 

I 

|300 

^  284  1  278 

271 

264 

256 

247 

229 

60.00 

X87.S 

16X84 

I 

l38o 

i  360  1  3S2 

344 

334 

324 

313 

291 

76.00 

237. 5 

18X18 

I 

340 

340  1  320 

314 

307 

299 

291 

274 

68.00 

212. 5 

»X20 

I 

1  380 

,  380 1 361 

356 

349 

342 

334 

317 

76.00 

237.5 

20X24 

X 

420 

420  1  399 

393 

asejars 

369 

:  351 

84.00 

262. 5 
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Tablv  X.    8flf •  Loads  in  Tons  of  a  ooo  PMnds  for  H'Sbapod,  Cast-bMI 


Based 

tmPoriBukf?).  Safety-factors 

Sixe. 
in 

Area  of 

Leogth  of  column  in  feet 

" 

1 

*  ,,   . 

metal. 
in 

■  '! 

"', 

^ 

T " 

a      b      t 

ID 

12 

X3 

14 

^- 

T 

6xex  H 

xaH 
i6 

41 
S3 

36 
46 

33 
43 

31 

40 

S ^ 1 

xH 

X9H 

64 

56 

sa 

48 

15 

16 

x8 

ao 

6X  8X  H 

z 

X3H 
iS 

46 
6o 

40 
52 

37 
48 

34 
45 

iH 

2lH 

73 

63 

59 

54 

7X  7X1 

X9 

69 

6a 

58 

55 

S2 

49 

43 

38 

iH 

aaW 

84 

75 

71 

67 

63 

59 

S3 

46 

7X  9X1 

ai 

76 

68 

64 

6x 

57 

54 

48 

43 

iW 

asH 

93 

83 

79 

74 

70 

66 

59 

5X 

8X  8X  H 

i6H 

66 

60 

57 

54 

51 

49 

44 

39 

z 

aa 

86 

78 

74 

70 

67 

64 

57 

51 

iH 

a6Ji 

105 

95 

9X 

86 

8a 

78 

70 

63 

8XIOXI 

34 

93 

85 

•8x 

77 

73 

69 

6a 

S6 

iM 

a9H 

XI4 

X04 

99 

94 

90 

85 

76 

69 

xH 

34W 

134 

t2a 

X17 

III 

xos 

100 

89 

8x 

9X  9X1 

as 

zoa 

94 

9x 

87 

83 

79 

73 

66 

iH 

3oH 

xas 

X16 

XII 

106 

102 

97 

89 

81 

iH 

36 

147 

X36 

130 

xas 

lao 

XX4 

X04 

95 

9XX0XI 

a6 

io6 

98 

94 

90 

86 

83 

75 

69 

iK 

3iH 

130 

lao 

115 

HI 

106 

lOI 

93 

84 

i^ 

3^H 

153 

14a 

X36 

130 

las 

1x9 

X06 

99 

loXioXi 

a8 

lis 

XIX 

107 

X03 

99 

95 

88 

8x 

iH 

34-?i 

14s 

136 

131 

xa7 

xaa 

137 

106 

too 

xH 

4oSi 

171 

160 

ISS 

X49 

X44 

138 

xa8 

XX7 

xW 

46H 

X96 

184 

177 

171 

165 

XS8 

146 

X34 

xoXuXi 

30 

127 

119 

115 

III 

106 

102 

94 

87 

iW 

36-^ 

IS6 

146 

IV 

136 

131 

126 

116 

107 

x>i 

43' i 

184 

17* 

166 

160 

15  J 

148 

137 

136 

iW 

49>i 

an 

198 

191 

I?; 

177 

170 

XS7 

X44 

1 

56 

236 

aaa 

214 

207 

X99 

191 

176 

163 

xaXiaXi 

34 

i$i 

144 

140 

136 

13a 

128 

X3I 

1x3 

lU 

41 H 

j8.i 

177 

17a 

11V7 

X63 

XS8 

X49 

139 

i^i 

49ll 

320 

209 

ao3 

198 

193 

187 

X77 

x6s 

x5i 

56H 

2^J 

3»I 

2i4 

227 

aai 

J16 

3oa 

X89 

a 

C4 

3i.\ 

371 

»3 

a36 

349 

343 

aa7 

3X3 

iaXi4XiH 

/.♦?* 

107 

l3S 

XS3 

X77 

173 

x66 

X58 

X48 

i^i 

5i'i 

2Ji 

222 

216 

210 

ao4 

X99 

186 

X74 

i)* 

C>li 

20t 

2S'y 

2|8 

ail 

335 

3a8 

314 

301 

a 

63 

303 

2SS 

280 

272 

a65 

357 

341 

3a6 

aKi 

7S?S 

335 

319 

310 

301 

392 

385 

a68 

351 
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13*  Typost  Fonu  and  Coiiii«c^9iui  of  Steel  Colitsms 

Ufl^  of  Steel  (MnsiBS,  Stmts,  Trasses,  etc  Owing  to  the  many  ad- 
vantages of  built-up  steel  coltmma  over  cast-iron  columns,  especially  for  all 
baOdiagBk  and  to  the  great  reduction  that  has  taken  place  in  the  cost  of  steel 
oMistniction,  built-up  columns  are  now  very  extensively  used  in  buildings  of 
even  moderate  height;  and  for  skeleton  construction,  or  for  buildings  exceeding 
sx  stories  in  height,  they  are  certainly  much  to  be  preferred  to  cast-iron  columns. 
Steel  trusses*  also,  are  now  much  more  commonly  used  in  buildings  than  in 
ft^aier  years*  so  that  the  architect  must  have  at  hand  data  for  designing  them 
and  for  computing  their  strength.  In  the  following  pages  the  author  has  en- 
deavored to  cover  the  subject  of  columns  and  struts  quite  completely,  to  furnish 
such  data  as  will  enable  the  designer  to  decide  upon  the  shape  of  column  or 
ftntt  it  is  best  to  use,  and  also  to  determine  the  sises  and  qections  of  such  col- 
vouts  with  the  least  labor. 

Types  and  Forms  of  Steel  Colamns.  The  following  are  cross-sections 
ef  the  majority  of  steel  columns  in  general  use,  arranged  in  the  order  of  their  sim- 
pBcity  of  constructbn,  that  is,  the  number  of  rows  of  rivets  they  require: 


Bethlehem  H  col- 
umn 
No  rivets 


Lally    steel-con* 
czete  column 
No  rivets 


Plate-and-anglo 

column 
Two  rows  of 
rivets 


CluMinel-^lumn 
with    plates    or 
lattice-bars 
Four  rows  of 
rivets 


Plate-and-angle 
column  with 
side  platen 
Six  rows  of  rivets 


Box  column 
Eioht  rows  of 
rivets 


Ceaaidafations  Goyerning  tha  Salactioii  of  6teel  Colunms.  There  are 
cQDsideratsons  other  than  simplicity  of  ooostruction  which  sometimes  govern 
the  selection  of  a  column.  Some  of  the  most  important  of  these  are  eiplainod 
in  the  foUowhig  paragraphs: 

(i)  Coet  and  Availability  of  Material.  I  beams,  channels,  plates  and  angles 
ve  the  most  common  commercial  sections.  They  are  easily  rolled  and  are 
manufactured  by  all  of  the  large  mills.  They  are  reasonable;  in  price  and  may 
be  obtained  promptly  in  large  numbers  in  any  locality  where  a  steel  building  is 
likely  to  be  erected.  Patented  sections,  or  the  product  of  one  mill,  do  not.  as 
a  mk  fttlfiU  these  cQoditioas.  ^         . 
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(a)  Amoattt  of  Labor  Required  and  Facility  With  Which  it  can  be  Performed  in 
Shop  and  Field.  In  the  shop  the  complexity  of  the  column-section  and  the 
number  of  pieces  of  which  it  is  composed  greatly  affect  the  cost  of  labor.  If 
there  are  numerous  small  pieces  such  as  lattice-bars,  spUce-plates,  etc.,  each 
of  which  requires  cutting  and  fitting  together,  with  frequent  handling,  the  cost 
is  proportionately  great.  The  cost  of  a  column  depends,  also,  largely  upon  the 
number  of  rivets  required  and  whether  they  can  all  be  driven  by  machine  so 
as  to  avoid  the  slower  and  more  expensive  hand-riveting.  The  same  general 
remarks  apply  to  labor  in  the  field;  the  connections  should  be  as  simple  as 
possible,  the  rivets  easy  of  access  and  as  few  in  number  as  is  consistent  with 
strength. 

(3)  Simplicity  of  Coonaetions  Between  Column  and  Sopported  Members. 
This  is  qiute  an  important  consideration  in  the  design  of  a  large  building  and 
sometimes  governs  the  choice  of  the  section  to  be  used.  Where  there  are  four 
beams  to  a  column,  on  opposite  sides,  and  all  of  the  same  height,  a  satisfactory 
connection  can  be  made  with  almost  any  section;  but  where  the  beams  are 
spaced  irregularly,  both  in  regard  to  position  in  plan  and  to  height,  and  where 
eccentric  loads  must  be  provided  for,  it  is  very  important  that  the  section  of 
the  column  itself  affords  as  great  an  opportunity  as  possible  for  the  connections 
of  the  beams.  In  this  respect,  possibly,  do^  sections  are  inferior  to  open 
sections  having  a  central  web. 

(4)  Adaptability  to  Connections  Which  Transfer  Compressive  Stresses 
Directly  to  Axis  of  Column.  In  this  respect,  also,  sections  of  an  open  construc- 
tion, in  which  the  girders  transmit  their  loads  almost  directly  to  the  central 
axis  of  the  column,  thus  avoiding  the  disadvantage  of  eccentric  loading,  are 
superior  to  those  of  a  closed  construction. 

(s)  Adaptability  to  Changes  in  Thickness  of  Metal  in  Members  of  Columns, 
to  Suit  Different  Loads  in  Different  Stories.  It  b  not  desirable  to  make  the 
columns  carrying  the  upper  floors  of  a  building  very  small,  since  the  beams  and 
girders  supporting  the  upper  floors  are  usually  of  the  same  dimensions  as  those 
of  the  lower  floors  and  consequently  require  just  as  heavy  and  secure  connec- 
tions. It  is  almost  impossible  to  make  such  connections  with  small  columns, 
and  consequently,  in  order  to  reduce  the  area  of  a  column  in  proportion  to  a 
lighter  load  to  be  carried,  it  is  better  to  reduce  the  thickness  of  the  material 
used  and  to  keep  the  general  dimensions  of  the  section  the  same. 

(6)  Adaptability  to  Fire-Proof  Covering.  Closed  sections  in  general  can  be 
more  compactly  flreproofed  than  open  sections. 

General  Considerations  Affecting  the  Choice  of  Steel  Colunmi.  It  b 
almost  impossible  to  say  that  any  one  of  the  foregoing  types  of  steel  columns 
b  superior  to  the  others.  Eadi  has  its  own  good  points,  and  the  column  whose 
section  has  theoretically  the  best  distribution  of  material  may  not  always  be 
the  best  one  to  use,  because  of  the  eccentric  loads  to  be  carrie<I,  or  because  of 
other  conditions.  The  choice  in  most  cases  will  depend  upon  the  personal  views 
of  the  designer,  as  well  as  upon  the  local  conditions  as  to  cost  and  manufacture, 
promptness  of  delivery  and  the  details  of  the  problem.  Further  descriptions 
of  the  different  columns,  and  also  the  special  advantages  claimed  for  them,  are 
given  in  the  following  pages. 

Steel-Column  Connections.  When  steel  columns  were  first  designed  it  was 
customary  to  use  cap-plates  to  connect  the  story-lengths,  and  the  beams  or 
girders  often  rested  upon  these  plates.  In  modem  practice,  however,  the  col- 
umn-joint b  generally  placed  just  above  the  beams  and  girders  for  convenience 
in  erection  and  the  plates  are  often  omitted     The  columi^  are  closely  fitted 
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together  with  milled  ends,  and  splice-plates  are  riveted  to  the  sides  or  flanges 
as  shown  in  the  illustrations  of  typical  steel-column  details,  Figs.  17  and  IS. 
As  it  is  impossible  in  these  pages  to  include  the  subject  of  ooluom-connections 
in  anything  but  a  general  way,  the  only  attempt  that  has  been  made  in  this 
direction  is  to  illustrate  common  forms  of  connections  that  have  been  used  with 
different  kinds  of  columns.  These  will  be  found  in  the  description  of  columns 
in  the  following  pages. 

Number  of  Rivets  Required.  No  general  rule  can  be  given  for  the  number 
of  rivets  and  size  of  the  brackets  required  for  column-connections,  as  the  loads 
to  be  supported  vary  in  different  buildings  and  in  different  parts  of  the  same 
building.  The  number  of  rivets  required  in  each  connection  must  therefore 
be  determined  by  the  rules  given  in  Chapter  XII  for  designing  riveted  joints. 
Connections  for  single  beams,  however,  will  generally  require  the  same  number 
of  rivets  as  are  given  for  beam-connections  (Chapter  XV,  page  617).  The 
allowable  stress  for  rivets  in  column-connections  is  generally  taken  at  10  000  lb 
per  sq  in  for  single  shear  and  x8  000  or  20  000  lb  per  sq  in  for  bearing.  (See 
Tables  II  and  III,  pages  418  and  419,  Chapter  XII.) 

Spactng  of  Rivets.  Steel  columns  fail  either  by  deflecting  bodily  out  of  a 
straight  line  or  by  the  buckling  of  the  metal  between  rivets  or  other  points  of 
support.  Both  actions  may  take  place  at  the  same  time,  but  if  the  latter  occurs 
atone,  it  may  be  an  indication  that  the  rivet-spacing  or  the  thickness  of  the  metal 
is  insufficient.  The  rule  has  been  deduced  from  actual  experiments  upon  riveted 
columns  that  the  distance  between  centers  of  rivets  should  not  exceed,  in  the 
line  of  stress,  sixteen  times  the  thickness  of  metal  of  the  parts  joined,  with  a 
maximum  spacing  of  6  in,  and  that  the  distance  between  rivets  or  other  points 
of  support,  at  right-angles  to  the  line  of  stress,  should  not  exceed  thirty-two 
times  the  thickness  of  the  metal.  The  usual  practice  in  designing  columns  is 
to  space  the  rivets  the  minimum  distance  on  centers  at  both  ends,  for  a  length 
equal  to  twice  the  least  dimension  of  the  column,  with  the  maximum  spacing  of 
6  in  between. 

Steel-Pipe  Column!.*  Steel-pipe  colunms  are  used  for  interior  construction 
to  carry  beams  and  girders  supporting  floors,  walls  and  chimneys  in  all  classes  of 
buildings,  such  as  tenements  and  apartment-houses,  factories,  garages,  churches, 
warehouses,  etc.  A  particular  demand  for  steel-pipe  columns  is  at  the  angles 
of  show-windows  in  mercantile  buildings.  In  buildings  of  moderate  height 
the  floor-joists  are  usually  supported  by  the  dde  walls  and  the  columns  have  to 
support  only  a  relatively  light  wall  above.  For  such  places  wrought-steel  pipes 
may  be  advantageously  used  for  the  columns.  They  may  be  used,  also,  for  the 
columns  supporting  the  roof  of  one-story  buildings.  In  the  Borough  of  Brook- 
lyn, New  York  City,  pipe-columns  are  calculated  according  to  the  formula 
S  «  14  000  —  80  //r,  in  which  5,  /  and  r  have  values  as  explained  below  for  the 
New  York  City  formula.  If  the  columns  are  filled  with  concrete,  the  area  of 
the  cross-section  of  the  concrete  is  multiplied  by  500  and  the  product  added  to 
the  load  supported  by  the  pipe.  (See,  also,  paragraph  on  Lally  Columns,  pajce 
477.)  This  formula  gives  a  factor  of  safety  of  four.  The  New  York  Bureau  of 
Buildings  uses  the  formula,  5-  15  200  — 58 //r,  in  which  5  is  the  permissible 
unit  fiber-stress,  /  the  length  in  inches  and  r  the  radius  of  gyration  of  the  cross- 
section  of  the  pipe.  This  gives  a  carrying  capacity  about  10%  greater  than  that 
of  the  Brookl3m  formula.  In  Philadelphia,  pipe-columns  are  allowed  to  carry 
ibout  25%  more  than  is  allowed  in  Brooklyn.    Where  pipe-columns  are  filled 

*  Much  valiuble  data  rdating  to  steel-pipe  colamns  was  furnished  the  Editor-In<hiet 
by  P.  C.  PAttenoa  and  J.  A.  McCuliough  of  the  National  Tube  Company.  PitUbargh.  P- 
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with  tooCRfte  the  cast  cap  and  base  are  secured  to  the  pipe  in  each  case  by  con- 
crete which  is  reinforced  mtemally  by  a  pipe  of  smaller  diameter.  ^Vhere 
these  steel'pipe  columns  filled  with  concrete  are  used,  care  should  be  taken 


Fig.  10.    Connectioas,  Caps  and  Basa  lor  Sleel-pipe  Colsanfls 

that  the  pipes  are  entirely  filled,  and  that  there  are  no  air-spaces  in  the  concrete. 
These  conciete-fiUed  coiumns,  rometioies  reinforced  with  smaller  pipes,  have 
-  large  carrying  o^iadty.     l»ipe-columns  may  have  their  supporting  powcf 
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about  dcnibled  in  many  cases  by  concrete  filling.  (See,  also,  paragraph  cm  Lally 
Cohmins,  page  477.)  One  tjrpe  of  steel  post-cap  used  in  connection  with  pipe- 
cohmins  to  carry  wooden  girders  is  shown  in  Figs.  02  and  03  of  Chapter  XXII. 
There  are  tnany  other  forms  of  cast  and  wrought  caps  for  pipe-columns*    The 


Fig.  11.    ConnectioM,  Caps  and  Buses  for  Stcel«pipe  Columns 


deagn  of  proper  caps  and  bases  is  the  most  difficult  part  of  adapting  tubular 
columns  to  practical  problems  in  boilding-eonstruction.  Figs.  10  and  11  show 
Tarknia  forms  of  M«el-pipe  CKdumn-coanectfams>  caps  and  bases  sufficiently  sug- 
gestive to  enable  a  deigner  to  properly  develop  their  details. 
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Advantages  of  Steel-Pip«  Columns.*  A  wrought-steel  pipe  when  used 
as  a  column  generally  has  the  following  advantages: 

(z)  "It  will  support  a  greater  load  per  square  inch  of  cross-section  than  any 
other  shapes  and  styles  of  mild^steel  columns  of  the  same  slend£RM£ss-katio. 
//f,  for  most  of  the  columns  of  different  slenderness-ratios  recently  tested  (1908 
and  1909)  at  the  Watertown  Arsenal. 

(2)  "Its  section  has  the  greatest  possible  least  radius  of  gyration,  r,  for 
the  same  outside  diameter  and  section-area.  This  makes  pipe-columns  espe- 
cially advisable  when  it  is  desired  to  obstruct  the  view  as  little  as  possible,  as  in 
the  comers  of  show-windows,  in  balcony-supports,  etc. 

(3)  "  It  may  be  used  with  greater  slendemess-ratio,  //r,  than  any  other  section  ; 
without  reducing  the  load  per  square  inch  in  order  to  conform  to  permissible  i 
loading-rules,  such  as  those  of  the  New  York  City  building  code  and  the  Chicago  | 
building  code.  ' 

(4)  "Its  curved  walls  permit  the  use  of  relatively  thinner  material  than  may  i 
be  used  with  columns  with  flat  surfaces;  that  is,  its  thickness,  /,  divided  by  the 
outside  diameter,  d,  may  be  t/d  -  J-fe  with  as  great  security  from  ^-rinkung, 
called  also  buckling,  bulging  or  local  failure,  as  the  box  column,  which 
good  practice  of  competent  engineers  limits  to  Via  of  the  unsupported  width 
of  flat  surfaces.  The  ratio  l/d  >  ^io  -  W/io"  is  about  the  limit  of  practicable 
working  of  the  ordinary  lap-weld  process,  and  all  commercial  pipes  have  a  smaller 
ratio. 

(5)  "Manufacturers  are  now  regularly  making  pipes  for  sizes  up  to  and  in- 
cluding x6  in  outside  diameter,  in  lengths  up  to  40  ft. " 

Notes  on  the  Use  of  Steel-Pipo  Colnmns.*  The  following  general  notes 
and  suggestions  should  be  observed  in  the  use  of  steel  pipe  for  coliunns: 

(i)  "As  in  the  case  of  columns  of  any  construction,  it  is  obvious  that  com- 
petent designing  and  detailing  as  well  as  proper  fabrication  of  the  end-connec- 
tions for  pipe-columns  be  insisted  upon.  Otherwise  the  advantages  of  the 
circular  section  may  be  nullified. 

(2)  "  When  the  loading  must  be  eccentric  care  must  be  exercised  in  the  proper 
selection  and  size  of  pipe  to  be  used.  The  relative  economy  in  the  use  of  the 
circular  section,  however,  increases  with  the  length  and  slendemess  of  the  col- 
umn. 

(j)  "A  capital  or  base  should  never  be  screwed  to  a  pipe,  because  cutting 
the  thread  reduces  the  section.  Where  screw-threads  ihust  be  used,  only  the 
area  below  the  root  of  the  threads  should  be  considered  as  available  for  the  sup- 
porting power. 

(4)  "The  ends  of  a  pipe  to  be  used  for  a  column  should  always  be  faced  off 
in  a  lathe,  the  facing  being  normal  to  the  general  axis.  A  pipe  should  not  be 
turned  nor  bored  in  fitting  capitals  or  bases  but,  if  possible,  the  capital  or  base 
should  always  be  forced  or  shrunk  to  an  even  bearing  on  the  fac^  end  of  the 
pipe.  Where  the  capital  or  base  must  be  inserted,  it  is  liable  to  start  a  wrinkle 
or  buckle  and  the  load  should  be  adjusted  to  the  probable  lessening  of  supporting 
power.  The  bearing  surfaces  in  capitals  and  bases  should  be,  of  course,  always 
lathe-faced.  It  may  be  found  that  with  careful  foundry-work  it  is  not  neces- 
sary to  bore  the  castings;  but  it  may,  in  some  cases,  be  cheaper  to  use  relatively 
poor  foundry-work  and  bore  the  castings,  as  well  as  face  the  seats. 

(s)  "Pin-ends  or  ball-and-sockkt  ends  are  generally  preferable  to  flat 
of  fixed  ends  for  a  slendemess-ratio  //r,  of  100  or  less,  because  tests  show  that 

*  From  notes  by  Profesaor  Thomas  Nolaa  on  the  subject  of  Sted-Pipe  Cohmms,  in 
Kid<ien'  Building-Construction  and  Superinteadenoe,  Part  II,  Carpenten'  WoA.  Ninth 
Edition. 
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c<^iimns  so  fitted  usually  cany  heavier  loads  before  failure.  This  is  increasingly 
evident  as  //r  de<^reases.  Any  form  of  end-connection  of  column  that  may 
cause  a  flexure  from  a  failing  floor  may  endanger  the  whole  structure. 


Fig.  12.    Connections  for  Bethlehem  H  Columns 

(6)  "All  columns  should  have  sufficient  stiffness  to  safely  withstand  the 
chaoce  deflecting  forces  to  which  they  may  be  exposed.  This  usually  involves 
considerations  of  eccentricity  as  well  as  of  flexure  due  to  transverse  load. 

(7)  "It  is  desirable  to  adhere  always  to  the  trade  sizes  of  pipe  known  as 

MERCSAMT,  SIANDABO,  EXTRA  STRONG,  DOUBLE-EXTRA  STRONG,  CASING,  BOILER- 
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TUBES,  etc.,  and  avoid  special  production  which. usually  entails  deUys  and  special 
prices, " 

(8)  Tables  XII  and  XIII  give  the  safe  loads  which  standard  and  kxtra- 
STRONG  steel-pipe  columns  are  permitted  to  cany  under  the  New  York  City 
building  code.  The  Chicago  code  permits  slightly  greater 
loads.  Supplementary  tables  of  safe  loads  for  doubl£-  I 
EXTRA  STRONG  stcd-pipe  columns  are  furnished  by  the 
manufacturer  and  may  be  useful  in  cases  where  a  mini- 
mum diameter  is  required;  but  it  should  be  remembered 
that  such  pipe  always  costs  more  per  pound,  owing  to  its  \ 
greater  cost  of  manufacture. 
Fig  13  Section  of  H-Btwn  and  I-Beam  Struts  and  Colunma,  For 
Bethlehem  H  Column  •^''^^s  and  columns  carrying  light  loads,  H  beaks  and 
Showing  Variation  in  I  BEAMS  are  probably  the  most  economical,  as  they 
Area  require  very  little  riveting  except  for  the  splices  and 

connections.  Owing,  however,  to  the  narrow  flanges  of 
even  the  deepest  I  beams  it  is  not  practicable  to  rivet  very  heavy  girders  to  them ; 
nor  can  they  ordinar|}y  be  riveted  to  the  web,  because  the  latter  is  generally  so 
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Fig.  14.    Concrete-filled  LaUy  Steel  Column 


Fig.  15. 


Lally  Column. 
Connections 


Typical  J 


thin  that  too  many  rivets  will  be  required  for  the  connection.  Tables  XVII  is 
a  table  of  safe  loads  for  the  Carnegie  steel  H  bsaics  or  I  BaAMS  used  as 
columns. 
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Bethlehem  Columni.    As  far  as  shop-work  is  concerned  the  Bethleheic 


COLUMNS  are  just  as  economical  as  the  ordinary  H-beam  or 
I-beam  columns  as  they,  also,  are  rolled  and  not  built  up 
or  assembled.  The  only  fabrication  required  is  that  for  the 
splice-plates  and  connections.  Typical  connections  are 
shown  in  Fig.  12  from  which  the  simplicity  of  detail  and 
small  amount  of  fabrication  required  are  apparent.  They 
are,  moreover,  superior  to  the  I-beam  columns  because  they 


Fig.  16.  Section 
of  Steel  PUte- 
and-angle  Column 

afiord  a  wider  flange  for  attaching  the  beams  and   girders,  besides  being 


BecttoQA-4 


Section  B-B' 


SectronA^ 


SmUohBtB 


fGLE-COLUMN  TYPICAL  ANGLE-COLUMN 

Bearing  on  masonry  Bearing  on  steel 

Fig.  17.*    Connections  for  Steel  Plate-and-angle  Columns 
*  From  Podiet  CofipanJon,  1915  lE^tion,  Carnegie  Stoel  Company,  PitUburgh,  Pa. 
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more  economical  of 
sizes,  8,  lo,  12  and 
in  Fig.  13,  the  section-area  of  each  width  can  be  increased  considerably. 


cross-section.     Bethlehem    columns   are    rolled    in    fj 
14  in  in  width,  but  by  spreading  the   rolls,  as  sha 
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TYPIOAL  SFLICK 
iausle-colama  to  Chamiel-cotund 


f=4 


TYPIOAL  SHUOE 
Aiigle-colnmna^  dlfleneiit  slzee 
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TYPICAL  CHANNEL-CX)LUMN  TYPICAL  SPLICE 

Bearing  on  steel  Channel-columQS,  different  si 

Fig.  18.*    Connections  for  Steel  Plate-and-channel  Columns 

section-areas  of  columns  of  the  largest  size  may  also  be  increased  by  riveting  si 
plates  to  the  flanges.  Tables  of  dimensions  and  properties  of  Bethlehi 
rolled  steel  columns  and  of  the  safe  loads  they  will  carry  are  given  in  Tab 
XVIII  to  XXI.     .Although  these  columns  have  been  rolled  in  Germany  si« 

*  From  Pocket  Companion.  1915  Edition,  Carnegie  Steel  Compapy.  Pittsburgh,  Pa 
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1902,  it  was  not  until  the  cstAblishment  in  1908  of  the  lai^er  improved  mills 
It  Bethlehem,  Pa.,  that  these  sections  became  available  for  use  in  thb  country. 
They  arc  gradually  superseding  plate-and-angle  and  box  columns,  particularly 
thuse  of  the  smaller  sizes. 

Lofly  Coliuiins.  Lally  coLtnrNS  (see,  also,  paragraphs  on  Steel-Pipe  Col- 
umns, page  469)  are  patented  columns  made  with  a  circular  steel  shell,  as  shovm 
m  (Ig.  14,  and  filled  with  a  concrete  com- 
posed of  sand,  cement  and  blue  trap-rock, 
and  thorotigUy  compressed.  The  larger 
columns  have,  in  addition,  a  steel  rein- 
forcement, which  makes  a  light,  but  strong 
support.  They  are  in  many  buikiings 
replacing  masonry  piers  for  supporting 
girders  because  of  the  saving  in  space, 
and  are  extensively  used  in  mill-con- 
struction. Typical  connections  are  shown 
in  Fig.  15.  The  safe  carrying  capacities 
in  tons  are  given  in  Tables  XXII  and 
XXIU.  page  516. 

PUto-and- Angle  Colnmns.  Four 
angles  and  a  plate  riveted  together  as 
shown  in  Fig.  16  arc  now  being  exten- 
avdy  used  in  building-construction,  par- 
ticulariy  for  coiimms  having  an   imsup- 

M  ported  length  of  less 
than  90  radii;  also  for 
the  outer  colunms  in 
steel  mill-buikiings,  and 
for  light  colunms  sup- 
portmg  the  roofs  of 
railway  stations,  etc. 
Columns  with  this  form 
of  cross-section  are  es- 
pecially convenient 
for  making  beam  and 

girder-connections  and  for  splicing,  and  are  also  well  adapted 
[f^      *^  J     to  resist  eccentric  loads.    The  width  of  the  plate  is  generally 

*^l— D ^1^     such  that  the  least  RAnros  of  gyration  is  in  the  direction 

ll»      ^        n,  and  this  radius  may  be  obtained  directly  from  Tables 
XV  and  XVII,  pages  370  and  373. 

Channel-Columnt.  Typical  colttmn-details  for  plate- 
and-angle  and  channel-columns,  taken  from  the  Carnegie 
Pocket  Companion,  1915  edition,  are  shown  in  Figs.  17  and  18  and  represent 
current  practice  in  office-building  construction. 

Lattioe-Coliimns.  Two  channeb,  set  back  to  back,  at  such  a  distance  that 
the  radii  of  gyration  will  be  equal  about  both  axes,  and  connected  by  lattice-bars, 
a<  shown  in  Fig.  19,  make  a  very  desirable  column  for  moderate  loads,  as  in  the 
upper  stories,  or  in  buildings  of  three  or  four  stories  in  height.  For  greater 
knids,  short  cover-plates  may  be  riveted  to  the  flanges  in  place  of  the  lattice- 
bars.    Such  columns  are  very  satisfactory,  especially  for  making  connections. 

Rule  for  Latticing  of  Channels  and  Angles.  When  channels  are  con- 
nected by  lattice-work,  as  in  Fig.  20,  in  order  that  there  may  not  be  a  tendency 
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in  the  channela  to  bend  between  the  points  of  bracing,  the  distance  /  should  be 
made  equal  to  the  total  length  of  the  strut  multiplied  by  the  least  radius  of  gyra- 
tion of  a  single  channel,  and  the  product  divided  by  the  least  radius  of  gyration 
for  the  whole  section;  or, 

/-f/i/ri 

in  which  /  =  length  between  points  of  bracing; 

/a  a  total  length  of  strut; 

T  «  least  radius  of  gyration  for  a  single  channel; 
r\  -  least  radius  of  gyration  for  the  whole  section. 

This  same  rule  wilt  also  apply  to  angles,  although  with  them  the  lattice-work 
is  generally  doubled,  as  in  Fig.  21. 


Fig.  21.    Double  Lattice-bars  on  Angle-columns 

It  is  generally  found  desirable  to  make  the  distance  I  less  than  that  obtained 
by  the  above  formula,  or  such  that  the  inclination  of  the  lattice-bars  will  be 
about  45°  with  the  axis  of  the  column  or  strut. 

The  proper  distance  for  d  or  Z>,  Fig.  20,  for  a  pair  of  channels,  so  that  the  radius 
of  gyration  will  be  the  same  in  both  directions,  is  given  in  Table  VIII, 
page  359- 

The  following  tabulations  are  taken  from  the  Handbook  of  the  Cambria 
Steel  Company,  1915  edition. 


SizM  of  Lattiee-Barg  to  be  Used  with  Latticed  Channel-Golanmi 


Depth 

of 

channels 

Dimensions  of 
lattice-bars 

Weight  of 
lattice-bars 

Center  of 

hole  to  end 

of  bar. 

a 

Distance  center  to 
center  of  rivets,  d 

ur        1  Thickness 

per  foot 

Maximum 

Minimum 

in 

in 

in 

M 

H 
H 

lb 

in 

ft      in 

in 

7H 

8»M» 

9H 
ioJH« 
13 
15M« 

6 
7 
8 

\2 

m 

iH 

a 

a 

2 

aM 

aH 

i.ag 
1  49 
a. 12 
a.ia 
2.1^ 
a.«7 
3. 19 

0  ii>i 

1  iVi 
I        3 

X       4'^ 
I       6V4 
I      loH 
a       a>4 
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Sizes  of  Stay-Plates  to  be  Used  with  latticed  Channel-Coliiiiiiis 


Minimum  site  of  stay-plates  at 

1 

ends  of  columns 

Weight  of 
minimum 
stay-plates 

Diameter 

of 

rivets 

0. 

0 

b 

Thickness 

1 

I  ' 

6 

lb 

* 

* 

■k^ 

5 

^ 

SH 

M 

iH 

4.38 

H 

9M 

H 

10 

65s 

H 

^'C 

( 

lOH 

M« 

9 

8.37 

H 

1^ 

XlH 

fi« 

la 

"95 

H 

^ 

12W 

H 

12 

15.62 

^4 

14W 

H 

xs 

22  73 

^ 

16W 

H 

IS 

25.90 

?. 

PUte-and-Angle  and  Box  Colamns.  Plate-and  angle  columns,  as  shown 
in  Fig.  16,  requiring  but  two  rows  of  rivets  are  very  economical  columns  for 
buildings  of  moderate  height,  as  they  afford  excellent  opportunities  for  connect- 
ing the  beams  and  girders.  Tables  of  safe  loads  are  given  in  Table  XXIV 
of  thb  chapter.  When  a  more  compact  section  is  required  than  that  afforded 
by  the  larger  sizes,  the  section-area  may  be  increased  by  riveting  plates  to  the 
angles  as  shown  in  Fig.  22  which  is  a  section  of  one  of  the  columns  in  the  Munic- 


I!=:x. 


U 


Fig.  22.  Heavy  Plate- 
and-angle  One-web 
Cdtuna 


Fig.  23.  Heavy  Plate- 
and-anglc  Two-web 
Column 


Fig.  24.    Heavy  Plate-and-angle 
Three-web  Column 


ipal  Building,  New  York  City.  This,  however,  greatly  increases  the  expense 
of  the  shop-work,  and  it  is  therefore  usually  more  economical  to  substitute 
Bethlehem  H  columns,  or  channel  or  box  columns.  For  high  buildings  or  heavy 
kxuis,  where  the  required  sectional  areas  of  columns  are  greater  than  can  be 
obtained  by  using  channel-columns  or  Bethlehem  columns  without  flange-plates, 
BOX  COLUMNS  made  of  plates  and  angles,  as  shown  in  Fig.  23.  which  is  one  of  the 
columns  in  the  Bankers'  Trust  Company  Building,  New  York  City,  will  prob- 
ably be  found  to  be  more  satisfactory.  The  thickness  and  number  of  web-platcs 
and  flange-plates  can  be  varied  with  the  load  to  be  supported .  Ordinary  con- 
nections for  BOX  COLUMNS  are  the  same  as  those  for  channel-columns,  shown 
in  Fig.  18.  For  the  tallest  buildings  and  heaviest  loads  box  columns  with 
•nmx.  WEBS  as  shown  in  Fig.  24  are  the  best.  They  are  used  in  the  highest 
buik&igs  erected,  such  as  the  Maaonic  Temple  in  Chicago,  aockthe  Bankers' 
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Trust  Building,  the  Municipal  Building,  the  Woolworth  Building  and  the  Met- 
ropolitan Tower  in  New  York  City.  Fig.  24  is  a  cross-section  of  one  of  the 
columns  in  the  last-mentioned  building.  Detaib  of  a  similar  column  used  in 
the  Bankers'  Trust  Company  Building  are  shown  in  Fig.  7  on  page  342.  It 
is  of  course  impracticable  to  give  tables  of  safe  loads  for  plate-amd-angle 
COLUMNS  with  flange-plates  and  for  box  cx)lumns,  owing  to  the  great  variety  of 
combinations  that  can  be  used,  but  Example  10  of  this  chapter  shows  how  the 
columns  are  designed  and  their  strength  determined.     (See  page  485.) 

Steel  Struts  in  Trusses.  These  are  generally  made  of  a  pair  of  latticed 
channels,  or  of  channels  and  plates  for  heavy  tiusses  with  pin-connections,  and 
of  either  a  pair  of  light  channels  or  a  pair  of  angles  with  uneven  legs  for  light 
trusses.  For  roof-trusses  having  a  span  not  exceeding  80  ft,  a  pair  of  4  by  6  by 
^-in  angles  is  generally  sufficient  for  any  of  the  compression-members  unless 
they  are  subjected  to  transverse  stress;  and  the  minor  struts  are  very  often 
made  of  a  pair  of  3H  by  2H  by  H-in  angles.  The  angles  are  placed  from  H  to 
H  in  apart  to  permit  the  filler-plates  used  at  the  joints  to  go  between  them. 
For  compression-members  subject  to  transverse  stress  a  pair  of  channels  gen- 
erally offers  the  best  section.  If  necessary  the  channels  can  be  reinforced  by 
plates  at  the  top  and  bottom.  .\  pair  of  angles,  with  a  deep  web-plate  riveted 
between,  is  often  used  for  the  principles  of  Fink  trusses  where  they  are  subject 
to  a  slight  transverse  stress.  (See,  also,  Fig.  6,  page  1146.)  For  very  light 
compressive  stresses  and  for  short  members  a  single  angle  is  sometimes  used;  but 
this  is  not  considered  good  practice,  as  it  causes  eccentric  loading  on  the  gusset- 
plates  at  the  truss-joints.  A  pair  of  small  angles,  or  some  other  combination 
with  a  sjrmmetrical  cross-section  should  always  be  used  for  truss-members. 

Where  angles  are  used  in  pairs  they  should  be  connected  by  a  rivet  and  small 
filler-plate  or  separator  every  two  feet  in  length,  to  prevent  them  from  spring- 
ing apart.  In  regard  to  the  maximum  length  of  steel  struts  in  trusses  it  is 
not  considered  good  practice  to  use  a  strut  whose  unsupported  length  exceeds 
150  times  its  least  radius  of  gyration,  or  50  times  its  least  width. 

U.  Strength  of  Steel  Columns.    Fonnulas 

Principles  Governing  the  Resistance  of  Built-up  Steel  Columns.  Pro- 
fessor William  H.  Burr  states  *  that  "the  general  principles  which  govern  the 
resistance  of  built-up  columns  may  be  summed  up  as  follows:  the  material 
should  be  disposed  as  far  as  possible  from  the  neutral  axis  of  the  cross-section, 
thereby  increasing  the  radius  of  gyration,  r;  there  should  be  no  initial  internal 
stress;  the  individual  portions  of  the  column  should  be  so  firmly  secured  to  each 
other  that  no  relative  motion  can  take  place,  in  order  that  the  column  may  fail 
as  a  whole,  thus  maintaining  the  original  value  of  r."  The  experiments  made 
by  Professor  Burr  indicate  that  a  closed  column  is  stronger  than  an  open  one. 
It  should  also  be  remembered  that  any  column  such  as  an  I  beam,  channel,  or 
angle,  the  cross-section  of  which  has  a  maximum  and  a  minimum  radius  of 
gyration,  is  not  economical  for  use  under  a  single  concentric  load,  as  the  mini- 
mum radius  of  gyration  must  be  used  in  the  calculation,  and  part  of  the  mate- 
rial is  to  a  certain  extent  wasted  when  the  ideal  efficiency  of  the  column  is 
considered. 

Formulas  for  Steel  Columns.  A  great  many  foruulas  are  used  for  cal- 
culating the  strength  of  steel  columns  and  struts,  of  the  lengths  usually  em- 
ployed in  practice,  but  scarcely  any  two  authorities  agree  upon  the  same  one. 
These  formulas  may  all  be  grouped  into  two  general  classes,  those  founded 

*  Elasticity  and  Resistance  of  the  Materials  ol  Engineeriog,  by  William  U.  Burr. 
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(A  Rankine*s  roBMULA  *  (ii)  and  those  founded  on  the  straigbt-uke  k>sicula 
( i  2 ) .  (See  the  following  paragraphs.)  In  the  different  formulas  different  values 
are  assigned  to  the  arbitrary  constants.  Previous  to  1888  Rankine's  or 
Gordon's  formulas  were  ahnost  universally  used  for  all  columns,  although  with 
more  or  less  variation  in  the  constants  employed.  About  1885  Professor  Burr, 
after  having  conducted  a  series  of  tests  upon  full-size  column-sections  deduced 
what  is  now  known  as  the  straight-une  formula.  As  this  is  easier  of  applica- 
tion than  Randne's  tormula,  it  has  gradually  found  favor  with  engineers,  espe- 
cially as  the  results  differ  but  little  from'  those  obtained  by  the  older  formula. 

Fomralaa  Compared.  Which  one,  of  all  the  formulas  in  use,  should  be 
employed  in  calculating  the  safe  load  for  columns  is  an  open  question,  but  the 
atitbor,  after  careful  deliberation,  has  decided  to  recommend  Rankine's  ?or- 
iniLA  for  the  following  rea.sons.  In  the  first  place  it  is  safe  and  conservative 
axtd  if  it  errs  at  all,  it  is  on  the  side  of  safety;  and  in  the  second  place  it  has  a 
wider  application,  as  the  values  assigned  to  the  arbitrary  constants  have  been 
more  generally  agreed  upon,  whereas  there  is  a  greater  variety  in  the  values  of 
the  constants  employed  in  the  straight-line  vormula.  Of  course  one  is  not 
free  to  choose  when  city  laws  compel  the  use  of  certain  formulas.  No  tables  of 
SAFE  ioai>s  for  columns,  satisfying  the  requirements  of  all  cities,  could  be  com- 
piled. The  author  has  accordingly  thought  it  best  to  insert  the  various  tables 
of  sate  loads  for  different  forms  of  columns  as  computed  in  the  very  latest 
handbooks  although  not  necessarily  based  upon  Rankine's  formula,  and  to 
insert  Table  XI,  specially  computed  and  giving  the  comparative  safe  loads  in 
rovHDS  PER  square  INCH  OF  METAL-AREA  for  coluiuns,  as  determined  by  seven 
different  formulas.     (See  pages  493  to  495.) 

Formulas  Used  in  Building  Codes.  Rankine's  formula  (called  Gordon's 
FORMULA  in  many  codes)  is  specified  in  the  building  codes  of  the  following  cities: 
Philadelphia,  Baltimore,  Boston  and  Milwaukee,  and  is  used  in  the  Cambria 
handbook.  The  straight-une  formula  is  specified  in  the  building  codes  of 
New  York  City,  Chicago,  Minneapolis  and  Washington,  and  is  used  in  the 
Carnegie  and  Bethlehem  handbooks. 

Formulas  Used  in  Practice.  The  following  formulas,  in  the  opinion  of  the 
author,  represent  the  best  current  practice.  They  are  foriculas  for  safe 
loads,  S,  in  pounds  per  square  inch  of  cross-section,  on  steelcolumns  and  struts. 
In  these  formulas  /  is  the  length  of  the  column  in  inches  and  r  the  least  radius 
or  gyration  of  the  cross-section.    (See,  also.  Chapter  X,  pages  333,  344,  etc.) 

The  SAFE  ix>AO,  P,  for  any  column  is  equal  to  5,  obtained  by  one  of  the  follow- 
ing formulas,  multiplied  by  the  section-area  of  the  column  in  square  inches; 
or  P-=i45  (10) 

Rankine's  formula,  used  in  the  Cambria  handbook,  is 

The  formula  recommended  by  Professor  Burr  is 

.S- 10000  — 40  i/r  (12) 

Hie  formula  used  by  the  American  Bridge  Company  and  Carnegie's  Pocket 
Companion  is 

5  =«  19000— 100 //r  (13) 

with  a  maximum  of  13  000  lb  per  sq  in. 

*  Rinkine's  formula  is  sometimes  referred  to  as  Gordon's  formula,  but  Gordon  used 
the  least  lateral  dimension  or  the  diameter  of  the  column  instead  of  the  least  radius  of 
gyration  of  the  cross-section. 
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The  formula  used  by  the  American  Railway  Engineering  Association  and 
the  Chicago  building  code  is 

5- 16000- 7o//r  (14) 

with  a  maximum  of  14  000  lb  per  sq  in. 

The  formula  used  in  the  New  York  City  and  Washington,  D.  C,  building  codes,  is 

5=iS200-s8//r  (15) 

The  formulas  used  in  the  Catalogue  of  the  Bethlehem  Steel  Company  are 

5-16  000  —  55  //f,  for  //f  over  55  (16) 

and  S  -.  13  000  lb  per  sq  in,  for  l/r  under  55 

Fowler's  formula  for  steel  struts  in  trusses  is 

5- 12500- 50 //f  (17) 

For  a  comparison  of  most  of  these  formulas,  see  Table  XI,  pages  493  to  495 
and  the  comparative  diagram  of  formulas,  page  496. 

14.  Dtsign  of  Sttel  Columns.    Ezamplts 

Practical  Use  of  Column-Formulas.  Unlike  the  beam-formula  the  column- 
formulas  in  general  use  do  not  give  a  direct  method  of  calculating  the  dimensions 
of  a  column  that  will  support  a  given  load,  owing  to  the  presence  in  the  column- 
formula  of  two  unknown  quantities,  A  and  r,  which  are  dependent  upon  one 
another.  Hence  in  designing  columns,  the  section  must  be  first  assumed  and 
then  tested  for  the  safe  load  P,  or  for  the  maximum  unit  fiber-stress  S.  This  is 
an  apparently  roundabout  method  of  designing  columns,  but  unfortunately 
there  seems  to  be  no  more  direct  way.  When  a  column  is  to  be  selected  or 
designed,  its  axial  load  P  is  given  and  also  its  length  and  the  condition  of  its 
ends.  A  proper  allowable  unit  stress,  S,  is  assumed,  suitable  for  the  given 
material  and  for  the  conditions  under  which  it  is  to  be  used,  or  in  accordance 
with  the  requirements  of  the  local  building  code;  or  the  value  of  S  is  given  in 
the  specification  according  to  which  the  column  is  to  be  designee!.  A  cross- 
section  is  then  selected  in  accordance  with  the  principles  explained  on  pa^es  467 
to  469.  For  this  assumed  cross-section  A  and  r  are  determined  and  then  sub- 
stituted in  the  formula,  which  is  solved  for  P.  If  the  assumed  dimensions  give 
a  value  for  P  that  agrees  with  the  actual  load,  they  are  correct.  If,  however, 
the  resulting  value  of  P  is  smaller  than  the  actual  load,  the  assumed  size  is  too 
small,  and  it  vAW  be  necessary  to  choose  a  larger  size  and  solve  again.  If  on 
the  contrary,  the  actual  load  is  less  than  the  safe  calculated  load,  a  column  with 
a  smaller  element  of  cross-section  is  assumed  and  a  new  value  of  P  obtained. 
After  a  few  trials  a  size  that  gives  a  satisfactory  result  for  the  required  conditions 
will  b^  found. 

Examples  Illustrating  the  Use  of  Column-Formulas  and  Tables.  Since 
the  column-tables  in  the  last  half  of  this  chapter  give  the  safe  loads  of  the  major- 
ity of  column-sections  of  current  practice,  having  determined  which  section  it 
is  most  advisable  to  use  under  any  given  conditions,  it  is  merely  necessary  to 
consult  the  tables  and  select  the  column  of  the  required  size  to  support  the  actual 
load. 

Example  7.  The  following  is  an  example  showing  the  method  of  selecting 
Bethlehem  rolled  h  columns  for  buildings. 
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Sbowins  the  Method  of  Seleeting  Bethlehem 
for  BttildmcB 


Rolled  H  Colomne 


For  ffluatradon,  the  interior  columns  of  an  actual  stxteen-stoiy  building  are  taken  as 
t  example.    The  story>heights  and  the  loads  on  the  columns  are  given  in  the  following 


1 

StGCics 

Heights 

of 
stories. 

ft 

Txnds 
on 
cd- 

tons' 

Safe 
loads, 
tons 

H  column-section  required 

Dimensions 

Weights 
of  sec- 
tions, 
lb  per 
linft 

Section- 
numbers 

in 

in 

in 

i6th 

15th 
14th 

nth 
I2th 

ixth 
10th 

9th 
8th 

7th 
6th 

Sth 
4th 

3d 

3d 
X«t 

Basement 

13 
14 

13 
13 

13 
X3 

13 
13 

13 
13 

13 
13 

13 
IS 

17 

la 

a? 

53 

79 

104 

138 

ISI 
174 

197 
ai9 

241 
a6i 

aSx 
301 

321 
341 

363 
395 

5S.O 
81.S 

133.2 
174.8 

319.  Z 

263.8 

310.  z 

341.3 
403.5 

7H 

lO^i 

14M 
14H 
IS 

15H 

iM. 
iMs 

8.00 
8.12 

10.12 

Z2.08 

14.08 

14  19 
14  31 
14.39 
14. 54 

31.5 

48.0 

71.0 
91  S 

"45 
138.0 
163.0 
178.S 

311. 0 

H8 
H8 

Hio 

H12 

H14 

H14 

H14 

H14 

11x4 

D  is  the  depth  of  the  column,  T  the  thickness  of  the  flanges  and  B  the  breadth  of  the 
flanges. 

Columns  for  buildings  are  usually  selected  in  lengths  of  two  stories.  By  inspection  of  the 
tables  of  sale  loads  for  H  columns,  it  is  found  that  no  columns  smaller  than  14  in  H  sec- 
tions have  sufficient  capacity  for  the  lower  stories.  Where  there  is  no  limitation  as  to 
the  size  of  the  column,  the  column  with  the  largest  dimensions  and  having  the  required 
capacity  will  be  the  most  economical.  The  unsupported  length  of  a  column  should  not 
exceed  iso  radii  of  gyration,  which  is  the  limit  of  length  for  which  safe  loads  ate  given 
in  tfat  tables.  In  the  best  practice  the  unsupported  length  of  a  column  is  frequently 
required  not  to  exceed  lao  or  las  times  the  least  radius  of  gyration;  various  limits  for 
l/r  are  indk^tcd  in  the  tables  by  zigzag  lines.  The  safe  loads  given  in  the  tables  are  for 
concentric  or  symmetric  loading.  When  the  loads  are  not  centrally  or  symmetrically 
spjdied,  the  size  of  the  column  should  be  calculated  by  Formula  (iS),  page  486. 

Enmple  S.  Suppose  that  in  a  20-story  office-building  to  be  erected  in  Chicago, 
the  load  on  each  of  the  first -story  columns,  which  are  16  feet  in  length,  is  700 
toas.    What  columns  should  be  used? 

Turning  to  Table  XXI.  page  515,  giving  the  safe  loAds  for  Bethlehem  14-in 
H  columns  it  is  seen  that  a  14-in  287.5-lb  column,  the  heaviest  rolled,  will 
support  only^>49.i  tons;  this  type  of  column,  therefore,  cannot  be  used. ,  More- 
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over  a  casual  inspection  of  the  tables  of  safe  loads  for  plate-and-angle  and 
channel-columns  shows  that  they  are  not  suitable  because  of  the  thick  flanges 
and  web-plates  required.  Consequently  the  columns  in  the  lower  stories  will 
probably  have  to  be  of  the  box  type,  with  double  or  triple  webs,  as  shown  ia 
Figs.  23  and  24.  The  upper  columns,  however,  may  be  of  the  plate-and>anglc 
or  channel-type,  whichever  will  be  the  more  economical.  The  heaviest  platc- 
and-angle  colunm,  without  flange-plates  (Table  XXIV,  page  522),  composed  of 
four  6  by  4  by  fi-in  angles  and  one  12  by  H-in  web,  will  support,  for  a  length 
of  14  feet,  the  height  of  most  of  the  upper  stories,  469  000  lb;  and  a  channel-col- 
umn (Table  XXVI,  page  541)  composed  of  two  12-in  30-lb  channels  and  two 
14  by  94 -in  plates  will  support  502  000  lb.  The  former  weighs  125  and  the  latter 
1 3 1. 4  lb  per  lin  ft,  so  there  is  not  much  choice  as  far  as  economy  of  material  is 
concerned.  The  channel-column,  however,  requires  four  rows  of  rivets  while 
the  plate-and-angle  column  requires  only  two  rows,  so  this  added  expense  of 
fabrication  would  have  to  be  considered,  .\ssuming,  however,  that  the  plate- 
and-angle  type  is  more  desirable,  the  next  step  is  to  design  the  individual 
columns. 

The  load  upon  each  of  the  uppermost  columns,  which  are  20  ft  in  length,  is 
70000  lb.  Turning  to  Table  XXIV,  page  518,  it  will  be  seen  that  a  column 
composed  of  four  4  by  3  by  H-in  angles  and  one  8  by  H-in  web  will  support, 
for  a  length  of  20  ft,  77  000  lb;  but  this  load  is  below  the  lower  zigzag  line  and 
hence  the  slenderness-ratio  of  the  column  exceeds  120.  Assuming,  for  the  pur- 
pose of  illustration,  that  the  limit  of  l/r  is  120,  a  heavier  section  must  be 
selected.  On  page  519  of  Table  XXIV,  continued,  it  is  seen  that  the  lightest 
ao-ft  column,  for  which  l/r  dofs  not  exceed  the  required  ratio,  is  one  composed 
of  four  5  by  3^  by  H-in  angles  and  one  10  by  H-in  web,  and  that  for  a  length 
of  20  ft  it  will  support  lai  000  lb,  or  51  000  lb  more  than  will  come  upon  it. 

Continuing  the  design  of  the  columns,  suppose  that  one  in  the  14th  story, 
14  ft  in  length,  supports  175  tons,  or  350  000  lb.  From  Table  XXIV,  page  522, 
it  is  found  that  a  column  comiXMcd  of  four  6  by  4  by  H-'m  anglfs  and  one  12  by 
h-in  web-plate,  for  a  length  of  14  ft,  will  carry  373  000  lb.  In  the  table,  the 
safe  load  is  calculated  by  Formula  (13),  whereas  the  Chicago  Building  Code 
specifies  Formula  (14).  Hence,  as  this  building  is  to  be  erected  in  Chicago,  the 
chosen  column  must  Ix:  tested  by  the  latter  formula.  Its  A  is  29.44  sq  in  and 
its  least  r,  2.65  in.  To  test  it  by  the  formula,  /  -14  ft  X  12  -  168  in,  and  l/r  » 
168  in/2.65  in  -  63.  Substituting  in  Formula  (14),  5  -  16000  -  (70  X  63)  => 
16000— 4410  B  II  590  lb  per  sq  in.  From  Formula  (10),  the  safe  load  for  the 
column,  P "  AS'*  29>44  sq  in X  11  590  lb  per  sq  in •  341  309  lb,  which  is  less 
than  the  actual  load.  Therefore,  the  next  heavier  column,  with  angles  Hie  in 
thick,  should  be  selected. 

Example  9.  In  an  office-building  to  be  erected  in  Philadelphia,  the  use  of  the 
Bethlehem  rolled*steel  H  columns  has  been  decided  upon.  One  of  these  (Col- 
umns, 15  ft  in  length,  supports  170  000  lb,  or  8s  tons.  What  should  be  the  size 
of  this  column? 

According  to  Table  XIX,  page  508,  giving  the  safe  loads  for  Bethlehem  col- 
umns, a  lo-in  49-lb  column,  15  fi  in  length,  will  carry  86.3  tons,  an  apparently 
safe  load.  Bethlehem-column  loads,  however,  are  calculated  by  the  straight-line 
formula,  whereas  in  Philadelphia.  Rankinc's  (called  Gordon's)  formula  is  the 
standard.    This  formula  with  the  arbitrary  constants  inserted  is 

5. il22 (See  Tabic  XI,  page  493  ) 
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From  Table  XIX,  A  -  14.37  sq  in  and  the  least  r  -  2.49  in;  I  is  15  ft  or  180  in. 
l/r  =  180  in/2.49  in  »  72.3. 

Substituting  in  the  formula, 

16250  16250  16250 

I      .  1  +  5227/11000      16  227/11 000 

16  250X11 000      X78750000 

« = =  II  015  lb  per  sq  in 

16227  16227 

and  from  Formula  (10),  page  481, 

P  —  -45  «  14.37  sq  in  X  IX  015  lb  per  sq  in  -  158  285  lb  or  79.1  tons, 

which  is  less  than  the  tabular  load.    Hence  the  next  heavier  column,  weighing 
54  lb  per  sq  ft,  would  have  to  be  used. 

Example  10.  Figure  7,  page  342^  showi  the  cross-section:  of  one  of  the 
basement>columns  in  the  Bankers'  Trust  Company's  Building,  New  York  City. 
It  b  20  ft  in  length  and  supports  2  230  tons.    Is  the  column  safe? 

The  first  step  is  to  find  its  least  radius  of  gyration  which  is  equal  to  V//i4. 
The  least  moment  of  Inertia  of  this  section  was  found  to  be  17  030.  (See  page 
343.)     The  area  is  made  up  as  follows: 

Flanges.  The  flanges  are  composed  of  six  27  by  ^-in  plates 
and  two  27  by  His-in  plates.  The  area  of  the  cross-section  of 
each  37  by  M-in  plate  is  20.25  sq  in  and  of  the  six  plates,  1 2 1 .50  sq 
in.  The  area  of  the  section  of  each  27  by  »H«-in  plate  is  18.56 
sq  in  and  of  the  two  plates,  37.12  sq  in.  Hence  the  total  sectional 
flange-area  is  121.50+  37.12  » 

Flange-angles.  Each  flange-angle  is  6  by  6  by  ^M*  in.  Its 
section-area  is  10.38  sq  in.    Hence  for  the  four,  A  =  10.38  X  4  » 

Outer  Web.  The  outer  web-plates  are  each  18  by  iH«  in. 
The  area  of  each  one  is  12.375  sq  in  and  of  the  eight 

Web.  Each  web-angle  is  6  by  3W  by  iM«  in  with  a  section- 
area  of  8.03  sq  in;  and  for  four  angles  the  section-area  is 

Web.  The  web  is  composed  of  two  18  by  M«-in  plates,  each 
with  a  section-area  of  10.125  sq  in.    For  two  the  area  is 

The  area  of  the  entire  section,  therefore,  is  

f*=»//i4  -  17030/351.5  =  48.5    and    r  -  V48.5  -  7  i 
/  »  20  ft  -  240  in  and  l/r  »  240  in/7  In  ■  34-3 

Substituting  in  the  New  York  City  building  code  Formula  (15),  page  482, 
5=15  200  -  58  X  34.3  =»  15  200  —  I  989  a  13  211  lb  per  sq  in 
From  Formula  (xo) 

p  m.  AS  -  351.5  sq  in  X  13  3X1  lb  per  sq  in  »  4  643  666  lb,  or  2  321  tons. 
Hence  the  column  is  perfectly  safe. 

IS.  Eccentric  Loading  of  Steel  Columns 

General  PiinciiileB.  Where  columns  are  used  in  tiers,  one  above  another, 
the  beams  and  girders  which  they  support  must  necessarily  rest  upon  brackets 
pit>jecting  or  extending  varying  distances  beyond  the  shell  or  section-areas  or 
axes  of  the  columns.  Such  connections  cause  bending  itohents  in  the  columns. 
When  equal  loads  are  applied  at  equal  distances  on  opposite  sid^  of  a  column. 
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the  bending  moments  caused  by  them  in  the  column  balance  each  other,  and 
the  CENTER  OF  STRESS  may  be  considered  as  coinciding  with  the  axis  of  the 
column.  When,  however,,  a  load  b  applied  on  one  side  (Fig.  25)  without  a 
corresponding  load  on  the  opposite  side,  it  is  called  an  eccentric  load  and  the 
area  of  the  cross-section  of  the  column  should  be  increased  correspondingly. 
There  is  unfortunately  no  direct  method  by  which  this  additional  area  can  be 
determined.  The  usual  method  of  procedure  is  to  assume  a  section  in  excess 
of  that  required  to  support  the  total  load  and  then  compute  the  fiber-stress  due 
to  the  combined  balanced  and  eccentric  loads.  If  this  works  out  too  large 
or  too  small  another  trial  is  made. 

Formula  for  Eccentric  Loads  on  Steel  Columns.    The  following  formula 
(compare  with  Fig.  25)  is  used  to  determine 
the  combined  fiber-stresses  due  to  the  concen- 
tric and  eccentric  loads: 
Let     F  =  the  concentric  or  balanced  load  in 
pounds, 
Pi  «  the  eccentric  load  in  pounds, 
M  -  the   bending    moment    due    to   the 
eccentric  load  in  inch-pounds  -»  Pix, 
X  -  the  eccentricity  of  the  load  Pi  in 

inches.     (See  note  below.) 

/ »  the  moment  of  inertia  of  the  area 

of  the  cross-section  of  the  column 

about  an  axis  at  right-angles  to  the 

direction  of  the  bending, 

c  a  the  distance  of  the  outermost  fiber  in 

the  cross-section  from  the  same  axis, 

A  -  the  area  of  column-section  in  square 

inches  and 
5  -  the  safe  unit  fiber-stress  in  pounds 
per  square  inch. 


Fig.    25.    Cbannd-column    with 
£ccentnc  Load.    Elevation 


Then 


S'{P+Px)/A-\-Mc/I 


(i8) 


Note.  In  measuring  the  eccentricity,  the  distance,  jt,  is  generally  measured 
from  the  axis  of  the  column  to  the  center  line  or  half-breadth  line  of  the  bracket 
or  bearing. 

Examples  of  Eccentric  Loading  of  Steel  Columns.    The  foUowiiig  ex- 
amples illustrate  the  use  of  the  formula  and 
tables  in  determining  the  safe  eccentric  loads 
for  steel  columns. 

Example  it.  The  total  load  on  the  top  of  a 
column  32  ft  in  length  is  194  000  lb,  of  which 
30  000  lb  come  from  the  end  of  a  girder.  There 
is  no  corresponding  load  on  the  opposite  side. 
(See  Fig.  26.)  It  is  proposed  to  use  a  channel- 
column.  What  is  the  size  of  the  required 
column? 

By  referring  to  Table  XXVI,  page  539.  it  is 
seen  that  a  column  composed  of  two  la-in 
ao.s-lb  channels  and  two  14  by  H-in  plates  will  support,  for  a  length  of  32 
ft.  227  000  ll>.  a  somewhat  greater  load  than  will  come  on  the  column.  For 
the  section  of  this  column,  /t-i  •-  4i5«  A,  •  22.$6  aq  in,  r  «  4.29  in  Md  //r « 
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Eccentric  Load.    Section 
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584/4.39  »  89.    Substituting  in  Formula  (11),  page  481,  to  find  the  safe  unit 
fiber-stress 
o  13500  lasoo  12^00  12500 

*  I      .,  /  V,  "  1+  (89)V36  000  "  I  +  7  921/36  000  "  43  921/36  000 

1  ^  — _ — -  [i/r^ 
36000 

12500X36000      450000000  -. 

» - 10  a45  lb  per  sq  in 

43921  43921 

The  actual  stress  in  pounds  per  square  inch  of  the  column-section  is  found 
by  Formula  (18),  5  -  (P  +  Pi)/ A  +  Mc/I,  P  -  164  000  lb,  Pi  -  30  000  lb, 
A  «  aa.56  sq  in  and  M  •«  Px  in-lb.  a; »  the  distance  in  inches  from  the  axis 
2-3  of  the  column  to  the  outside  of  the  web,  plus  the  distance  from  the  outside 
of  the  web  to  the  center  of  the  bracket.  The  former  distance  can  be  found  from 
TaUe  XXVI.  It  is  4  in.  Let  the  distance  from  the  outside  of  the  web  of  the 
channel  to  the  center  of  the  bracket  riveted  to  the  web  of  the  channel  be  2  in, 
the  projection  of  the  bracket  being  4  in;  then  x,  the  lever-^rm  of  the  moment  of 
the  k>ad  Pi,  or  the  eccentricity,  is  4  in  +  2  in «»  6  in.  M,  therefore,  is  Pix  or 
30000  lb  X  6  in.  f  is  7  in,  since  the  plates  are  14  in  w^de.  /x-z  *  4t5-  Sub- 
stituting in  Formula  (18) 

164000+30000        30000X6X7        oc         .  C  CCIU 

5  a. 1 =  g  5qq  _^  3  036  =  1 1  636  lb  per  sq  in 

22.56  415 

As  this  exceeds  the  safe  unit  fiber-stress  of  xo  245  lb  per  sq  in,  the  column- 
section  is  too  small. 

For  a  second  trial,  consider  a  x2-in,  2o.5rlb  channel-column  with  14  by  H-in 
plates.  For  this  section,  1%-i  »  473,  A  ^  a6.o6  sq  in,  r»-s  ^  4,26  in  and  l/r  = 
384/4.26  -  90. 

12  SOO  12  500  12  500 


5- 


I  +  (9o)'/36  000      I  -j-  8  100/36  000      44  100/36  000 

12500X36000  ,. 

"  xo  204  lb  per  sq  in. 


44100 
The  actual  stress  from  Formula  (x8),  as  before,  is 

„        164000+30000,30000X6x7  .        ^>.  n      „,. 

S  » r— : h 7  444  +  2  664  -  10 108  lb  per  sq  m 

26.06  473 

As  this  is  less  than  the  safe  stress  of  10  304  lb,  the  second  selection  is  safe. 

Ezimple  12.  A  BetMehem  H  column  14  ft  long  carries  90.56  tons,  of  which 
15.52  tons  are  eccentric,  being  applied  to  the  flange  of  the  column  as  shown 
in  Fig.  27,  the  distance  from  the  outside  of  the  flange  to  the  center  of  the 
bearing  being  2  in.    What  is  the  size  of  the  column  required? 

Try  a  12-in,  84.5-lb  column,  which,  for  a  length  of  14  ft,  or  168  in,  will  cany 
1614  tons  CTable  XX).  For  this  column,  A  »  24.92,  rt-t "  3.03,  /i— 1«  676.1, 
/f-s-  228.5  and  /  is  14  ft,  or  168  in;  hence  l/r  »  168/3.03  —  55.  Substituting 
in  Formula  (15),  assuming  that  that  formula  is  specified,  5  »  15  200  —  58  X55  — 
12  010  lb  per  sq  in.  Since  the  eccentric  load  causes  bending  in  a  direction  at 
right-angles  to  the  axis  i-i,  Fig.  37,  the  bending  moment  due  to  the  eccentric 
load  is  Pi,  or  15.52  tons  or  31 040  lb,  multiplied  by  its  lever  arm  «,  which  is  the 
distaiice  from  the  axis  i-i  to  the  outside  of  the  flange  plus  the  distance  from 
this  surface  to  the  center  of  bearing.  The  former  dimension,  taken  from  the 
Bethlehem  Catalogue,  is  (Vit  in  md  the  latter  i«  3  in;  hence  x  *•  8H«  in  or  for 
conveniciia;  8  ixu    The  difttance,  c,  also,  of  the  outermost  fiber  from  the  axiq 
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I'X  is  6M«  in,  which  for  convenience  will  be  considered  6  in.    /ir-i  about  the 
axis  i-i  is  676.1.    Substituting  in  Formula  (18),  S  =(150  080  +  31  040)/ 24-92  -h 

(31 040 X  8 X  6)/676.i  -  7  268  +  2  ao4  =  9  472 
lb  per  sq  in.  As  this  is  far  below  the  safe 
stress  of  12  010  lb,  the  column  selected  is 
too  large,  and  a  smaller  one,  probably  a  12-in 
64.s-lb  column  would  prove  sufficient. 

Suppose,  on  the  other  hand,  the  eccentric 
load  were  applied  to  the  web  and  the  balanced 
loads  to  the  flanges.  The  safe  unit  fiber- 
stress,  as  before,  is  12  010  lb  per  sq  in,  for 
no  matter  how  the  loads  are  applied,  the  safe 
unit  stress  determined  by  reference  to  the 
least  radius  of  gyration,  n-t*  should  not  be 
exceeded.  Under  the  second  condition  of 
loading  the  eccentric  load,  also,  will  cause 
bending  about  this  same  axis  2-2;  hence  in 
Fonnula  (18)  the  /  for  this  axis,  which  is 
228.5,  must  be  used.  j:"2  in +0.25  in — 
2.25  in,  0.25  in  being  one-half  the  thickness 
(See  the  Bethlehem  Catalogue.)    Hence,  from  Formula  (18),  the 


Fig.  27. 


Bethlehem  H  Column  with 
Eccentric  Load 


of  the  web. 

actual  unit  fiber-stress  is  5  -  (150080  -1-31 040)724.92  -f-  (31 040  X  6  X2. 25)7228.5 
-  7  268  -H  I  835  «  9  103  lb  per  sq  in. 


K.  Tables  of  Safe  Loads  for  Steel  Columns 

Safe  Loads  per  Square  Inch  of  Metal-Area  for  Steel  Columns  and 
Struts.  To  lessen  the  labor  of  calculating  the  strength  of  steel  columns  and 
struts,  of  whatever  shape,  the  author  has  computed  Table  XI,  which  gives  safe 
VALUES  of  S  for  ratios  of  l/r  varying  from  30  to  120.  For  ratios  of  l/r  which  are 
not  whole  numbers,  the  values  can  be  readily  interpolated.  The  values  in  this 
table  should  correspond  exactly  with  the  results  obtained  by  using  the  corre- 
sponding formulas. 

Safe  Loads  for  Steel-Pipe  Columns.  Tables  XII  and  Xm  give  the  safe 
LOADS  for  STEEL-PIPE  COLUMNS.  These  loads  are  based  upon  the  formula  recom- 
mended by  the  New  York  City  Building  Code,  5 «  15  200  -  58  l/r.  (See 
Steel-Pipe  Columns,  pages  469  to  474.) 

Safe  Loads  for  Channel  and  Angle-Stnita.  Tables  XIV,  XV  and  XVI 
give  the  safe  loads  for  standard  channels  and  angles  usel  as  struts.  Only 
those  sizes  that  are  moat  commonly  used  are  given.  In  Table  XTV  the  safe 
LOADS  for  both  the  minimum  and  the  nuudmum  radius  of  gyration  are  given. 
If  the  strut  is  used  also  as  a  beam,  or  is  stayed  so  that  it  cannot  bend  sidewise, 
the  larger  value  may  be  taken;  but  if  free  to  bend  in  either  direction,  then  the 
smaller  value  should  be  taken.  If  the  struts  are  subjected  to  a  transverse 
stress  they  should  be  computed  as  explained  under  the  heading  Strut-Beams, 
pages  571  and  572. 

Safe  Loads  for  Steel-Beam  Columns,  Bethlehem  Columns,  Lally  Col- 
umns, Plate-and-Angle  and  Channel  Columns.  Tables  XVII  to  XXVII, 
giving  the  safe  loads  for  these  columns,  were  not  computed  by  the  author, 
but  by  the  different  manufacturers;  they  are,  however,  believed  to  be  perfectly 
safe,  provided  that  an  increase  in  area  is  made  for  eocentric  loads. 

Use  of  Table  ZI  for  Determining  Safe  Loads  for  Steel  Columns. 
This  table  will  be  found  of  great  aasistanoQ  in  calculating  the  strength  oi  gq1« 
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mnns  and  of  struts  and  also  in  making  calculations  for  eccentric  loads.  To  use 
it  to  find  the  strength  of  a  column,  it  is  merely  necessaiy  to  multiply  the  value 
corresponding  to  the  slenderness-ratio  of  the  column,  by  the  section-area, 
the  result  being  the  safe  load  the  column  can  support.  As  an  illustration  of 
this,  the  column  considered  in  Example  8  has  a  slendemess-ratio  of  63  and  a 
section-area  of  2944  sq  in.  Its  strength  is  to  be  calculated  by  the  Chicago 
Buikling  Code  formula,  the  results  of  which  are  tabulated  in  the  sixth  column  of 
Table  XI.  From  this  the  value  of  a  slendemess-ratio  of  63  is  1 1  590  lb  per  sq  in. 
Therefore,  by  the  rule  stated  above,  the  safe  load  b  x  i  590  lb  per  sq  in  X  29*44  sq 
in-  341  209  lb.  In  Example  xo,  the  column  in  the  Bankers'  Trust  Company 
Building  has  a  slendemess-ratio  of  34.3,  and  an  area  of  351.5  sq  in.  The  value 
corresponding  to  34,  from  column  5  of  Table  XI,  is  X3  228  and  for  35  it  is  13  170 
fi)  per  sq  in;  hence  for  34.3  it  would  be  about  .13  211  lb  per  in.  Accordingly, 
the  safe  load  is  13  211  lb  per  sq  in  X  35i-5  sq  in  «  4  643  666  lb.  As  an  illustra- 
tion of  its  application  to  determine  eccentric  loads,  refer  again  to  Example  ix. 
The  value  of  //r  for  this  column  is  89.  The  safe  imit  fiber-stress  was  found  to  be, 
by  Formula  (ix),  10  245  lb  per  sq  in.  The  practically  identical  result  can  be 
obtained  by  looking  for  the  value  opposite  89  in  column  2  of  Table  XI.  It  is 
found  to  be  xo  250  lb. 

Use  of  Table  XI  for  Sccentric  Loadi  for  Steel  Struts.  To  use  Table 
XI  to  find  the  safe  load  for  any  steel  strut  take  the  following  examples: 

Bzampla  13.  What  is  the  safe  resistance  of  a  stmt  composed  of  two  5-in 
9-Ib  channels,  separated  H  in  and  free  to  bend  in  dther  direction,  the  length  oL 
the  strut  being  7  ft  6  in? 

Solution.  From  Table  XVm,  page  374.  the  least  radius  of  gjration  for  this 
section  is  i,  hence  i/r  =»  90/1 »  90.  From  the  eighth  coltunn  of  Table  XI,  the 
value  of  5  oi^x)site  90  is  8  000  lb  per  sq  in;  the  safe  load,  then,  is  equal  to  8  000  lb 
per  sq  in,  multiplier!  by  the  area  of  the  two  channels,  5.3  sq  in,  or  42  400  lb. 

Bzample  14.  What  is  the  safe  stress  for  a  7-in.i5-Ib  Z  beam  when  used  as 
a  strut?    It  is  90  in  in  length  and  free  to  bend  in  either  direction. 

SolntioB.  From  Tabic  IV,  page  355,  the  least  radius  of  gyration  of  this  sec- 
tion is  0.78,  and  the  area  is  4.42  sq  in.  l/r  -  90/0.78  =  1 15.4.  From  the  eighth 
column  of  Table  XI,  the  value  opposite  1 15  is  6  750  and  opposite  xi6  it  is  6  700 
lb  per  sq  in;  so  for  1154  it  would  be  about  6  730  lb  per  sq  in.  The  safe  load, 
therefore,  is  6  730  lb  per  sq  in  X  4-42  sq  in  »  29  746  lb. 

By  means  of  the  tables  and  mies  given  in  Chapter  X  the  section-area  and 
least  radius  of  gyration  of  any  standard  section  or  any  combination  of  sec- 
tions may  be  foimd;  and  once  these  are  determined  th'e  strength  of  a  strut  or 
column  may  be  readily  computed,  as  in  the  above  examples. 

Proportion  of  Floor-Loads  Borne  by  Columns.  (See,  also,  pages  148 
to  152.)  In  tall  buildings  it  is  customary  to  reduce  the  column-loads  some- 
what from  the  loads  used  in  calculating  the  floor-beams.  This  is  done  on  the 
theory  that  it  »  quite  impossible  for  the  entire  floor-area  of  every  story  to  be 
loaded  to  the  maximum  limit  at  the  same  time.  For  all  buildings  except  ware- 
houses it  would  seem,  in  general,  to  be  good  practice  to  design  the  columns  to 
carry  all  the  dead  load  and  75%  of  the  assumed  live  load.  Of  course  city 
laws  vary  in  these  requirements.  Thus,  if  in  an  office-building,  the  dead  load, 
or  weight  of  the  floor-constmction,  is  80,  and  the  live  load  80  lb  per  sq  ft,  the  load 
on  the  columns  would  be  8o-f-  60-  140  lb  per  sq  ft  times  the  floor-area  sup- 
ported by  the  column.  In  some  cases  the  reduction  might  be  even  greater, 
depending  upon  the  live  load  assumed  and  the  position  of  the  column  in  the 
buikling,  the  reductions  being  greater  in  the  lower  than  in  the  upper  stories. 
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The  Building  Code  of  New  York  City  specifies  that  for  buildings  exceeding 
five  stories  in  height  the  column-loads  shidl  be  made  up  as  follows:  "  For  the 
roof  and  top  floor  the  full  live  loads  shall  be  used;  for  each  succeeding  lower 
floor  it  shall  be  permissible  to  reduce  the  live  load  by  5%  until  50%  of  the  live 
load  is  reached,  when  such  reduced  loads  shall  be  used  for  all  remaining  floors.  * ' 
(For  assumed  loads  for  office-buildings,  required  by  the  building  codes  of  sev- 
eral cities,  see  page  151.) 

Column-SheetS.  In  a  high  building  the  coLuim-LOADS  vary  to  such  an  ex*' 
tent  and  are  made  up  of  so  many  elements,  that  to  avoid  omissions  and  errors 
it  is  necessary  to  make  a  tarulated  ust  of  all  the  loads  transferred  through 
the  columns  to  the  footings.  In  a  building  of  skeleton  construction  the  coLVitN- 
LOADS  include  floor  and  roof-loads,  wind-loads,  spandrel  and  pier-loads,  the 
weight  of  the  columns  themselves  and  their  fire-proof  covering,  and  in  some  cases 
special  loads,  such  as  tanks,  vaults,  safes  and  elevator-loads.  In  tabulating 
the  FLOOK-LOADS  it  is  advisable  to  separate  the  dead  and  live  loads  for  con- 
venience in  proportioning  the  footings.  (See,  also,  pages  148  to  160.)  Formulas 
for  computing  the  wind-loads  on  columns  are  given  in  Chapter  XXIX;  these 
loads,  also,  are  considered  as  live  loads.  Eccenttric  loads  should  always  be 
tabulated  separately  from  the  balanced  column-loads.  On  page  491  is  shown 
a  form  of  column-sheet  which  cxMnbines  all  ordinary  requirements.  The 
total  load  for  each  story  is  the  sum  of  all  of  the  loads  above.  The  schedule  * 
on  page  492  shows  a  very  convenient  form  for  column-lengths  and  column-parts. 

*  FroM  Arcfaitectural  EngkieeriiK,  J.  K.  Fidtag. 
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Story 

Character  of  loading 

Column  No.  i 

Column  2 

Load  on 

column, 

concentric 

Load  on 
coltmin, 
eccentric 

iSth 
top 

Roof  and  ceiling,  live  load 

Masonry  piers 

Spandrels,  cornice,  etc 

Elevators 

Tanks 

Wind-load 

Total 

S^rtional  area  required 

sq  in 

sqin 

I7th 

Floor,  dead  load 

Floor,  live  load 

Spf^ndr^lc 

Safes,  vaults,  etc 

Column  and  casing 

Wind-load 

Total 

Sectional  area  required. 

sqin 

sqin 

From  column  above.* 
Floor,  dead  load 

Masonry  piers 

Base- 
ment 

Spandrels 

Sidewalk. 

OJurnn  and  casing... .. .   .   .., 

WinHJ^rf 

1 

Total 

Footings 

Sectumal  area  required 

sqin 

sqin 

Deduct  (H)  live  load 

Total  jooting-load 

Area  of  footing  required 

sqft 

*  In  bringing  domi  the  load  from  the  column  above,  the  eccentric  loads  may  be  added 
to  the  coDcentzic  loads  and  their  sum  placed  in  the  first  column. 
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Column  No.  i 

Column  No.  a 

Roof-Une 

Top  of  columns 

i 

7th  story 
7th  Floor-line 

a3' 

x^ 

xs: 
4"         5.x 

s 

6th  Story 

11 

• 

13' 
4^ 

6th  Floor-line 

5th  Story 
5th  Floor-line 

X4J 

\ 
4" 

i 

^ 

1st  Floor-line 

r^^ 

I'  aM" 

Basement 
Top  of  stool 
Grade  X5-0 

II' 

8^ 

a"           5x 

ft 
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'Mt  XL    Safe  Lotds  in  Pomidt  per  Sqoare  Inch  of  llettl-Areft  for  Steel 
Colufluis  end  Stmts 


I  ss  length  in  inches 


r  -*  least  radius  of  gyration  in  inches 


1 
•RAnldne'il 

Am. 

Bridge 

Co.  and 

Carnegie 

(Gor- 
don's) 
,      and 
Cambria 

Phila- 
delphia 

Boston 

New 

York 

Chicago 

Powler's 

for 
struts 

l/r 

8 

& 

§ 

1 

a. 

§ 

§ 

<^ 

1 

ti 

ii 

1 

'  2 

<o 

. 

h" 

1 

8 

il 

§1 

i 

1         ** 

1        M 

M 

w> 

« 

1 

s 

IX 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

JO 

!    «I9S 

15020 

15  310 

13460 

13900 

13000 

11  000 

30 

Jl 

12  170          14  945 

15265 

13402 

13830 

13000 

10950 

31 

J2 

13  1SS 

14865 

15220 

13344 

13760 

13000 

10900 

32 

13 

1     t2l3S 

14785 

1517s 

13286 

13690 

13000 

10850 

33 

31 

la  no 

14   70s 

IS  125 

13228 

13620 

13000 

10800 

34 

b' 

12090 

14620 

15075 

13  170 

13  550 

13000 

10750 

35 

36 

1    12065 

14535 

1502s 

13  112 

13480 

13000 

10700 

36 

j: 

M04S 

14450 

14  975 

13054 

13410 

13000 

10650 

37 

* 

I2Q20 

14365 

1492s 

12996 

13340 

13000 

10600 

38 

39 

"995 

14375 

14870 

12938 

13270 

13000 

losso 

39 

10 

11970 

1418s 

14  81s 

12880 

13200 

13000 

losoo 

40 

41 

11945 

14095 

14760 

12822 

13130 

13000 

10450 

41 

u 

1     II  9» 

14  005 

14  70s 

12764 

13060 

13000 

10400 

42 

*i 

II  890 

13  915 

14650 

12706 

12990 

13000 

10350 

43 

u 

11860 

13820 

14590 

12648 

12920 

13000 

10300 

44 

*s 

1183s 

13725 

14530 

12590 

12850 

13000 

10250 

45 

46 

II  80s 

13630 

14470 

I2S32 

12780 

13000 

10200 

46 

47 

11780 

13535 

14410 

12474 

12710 

13000 

10  ISO 

47 

(8 

I    II  750 

13440 

14350 

12  416 

12640 

13000 

10100 

48 

45 

I17SO 

13340 

1428s 

12358 

12  570 

13000 

10050 

49 

53 

1    11^ 

13240 

14220 

12300 

12500 

13000 

10  000 

SO     1 

51 

1    II  660 

13  145 

14  160 

12242 

12430 

13000 

9  950 

5'     , 

p 

ii6so 

13045 

14095 

12  184 

12j60 

13000 

9900 

52     ' 

3 

II  595 

12945 

14030 

12  126 

12290 

13000 

9850 

53 

54 

II  565 

12845 

13965 

12068 

12220 

13000 

9800 

54 

55 

11  530 

12745 

13900 

12  010 

12  150 

13000 

9750 

55 

St 

II  500 

12645 

13835 

II  952 

12080 

13000 

9700 

56 

57 

114^5 

12545 

13770 

II  894 

12010 

13000 

9650 

57 

Si 

II4J0 

12445 

13700 

II  836 

II  940 

13000 

9600 

S8 

59 

II  400 

12345 

13630 

11778 

11  870 

13000 

9  550 

59 

60 

1136s 

12240 

13560 

11720 

II  800 

X3000 

9500 

60 

«t 

11390 

12  140 

13490 

11662 

11730 

12900 

9  450 

61 

62 

iisfts 

12040 

13  420 

II  604 

II  660 

12800 

9400 

62 

«3 

11  260 

11940 

13  350 

II  546 

11  590 

12700 

9350 

63 

1   ^ 

1122s 

II  840 

13280 

11488 

11520 

12600 

9300 

64 

«s 

II 185 

II  740 

13  210 

11430 

II  450 

12500 

9250 

65 

tf 

II 150 

II  640 

13  140 

11372 

II  380 

12400 

9200 

66 

«7 

II  IIS 

II  540 

13070 

11314 

II 310 

12300 

9150 

&! 

« 

II  080 

11440 

13000 

II  256 

11240 

12200 

9100 

68 

,^ 

II  040 

II  340 

1292s 

11  198 

II  170 

12  100 

90SO 

69 

CoogTF 
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Table  XI  (Contiftved),    S«ff  LmUi  in  Poundt  per  Squtre  Inch  of  Metal- 
Area  for  Steel  Celumm  end  Struts  . 


/ 

- 

length  in  iadm 

r  » least  radius  of  gyration  in  inches 

Ranldne's 

Am. 

Bridge 

Co.  and 

Carnegie 

l/r 

(Gor- 
don's) 
and 
Cambria 

Philo- 
delphU 

Boston 

New 

York 

Chicago 

Powlcr'a 

for 
struts 

K 

l/t 

^ 

TL 

^ 

;5^ 

ti 

ll 

:$. 

8 

a 

§ 

g> 

«. 

§ 

§ 

«.    § 

% 

a 

e« 

^ 

-" 

IS 

+ 

1 

8 

§1 

sl 

i 

1     ** 

1        M 

M 

w> 

ff 

« 

M 

I 

II             UI 

IV 

V 

VI 

VII 

VIII 

IX 

70 

II  000         zi  240 

12850 

II  140 

IX  100 

12  000 

9000 

70 

71 

10  965     1     II  140 

12  780 

11  082 

11030 

II  900 

8950 

71 

7a 

10930    ;    II 040 

12710 

II  024 

10960 

II  800 

8900 

72 

73 

10890 

10940 

12640 

10966 

10890 

11  700 

8850 

73 

74 

10850 

10845 

12565 

10906 

10820 

II  600 

8800 

74 

IS 

10  810 

10750 

12490 

10850 

10750 

II  500 

8750 

75 

76 

10770 

10655 

12420 

10792 

10680 

II  400 

8  700 

76 

77 

I0  73S 

10560 

12.145 

10734 

10610 

II3OO 

8650 

77 

78 

10  695 

10465 

12270 

10676 

10540 

11  200 

8600 

78 

79 

10655 

10370 

12195 

10  618 

10470 

XI  100 

8550 

79 

80 

10615 

10275 

12  120 

10560 

10400 

II  000 

8500 

80 

81 

I0S7S 

10  180 

12045 

10502 

10330 

10900 

8450 

81 

82 

10  535 

10085 

II  970 

10  444 

10260 

10800 

8400 

82 

83 

10495 

9990 

11895 

IOJ86 

10190 

10700 

8350 

•83 

84 

10450 

9800 

11825 

10328 

10  120 

10600 

8300 

84 

8S 

10  410 

9810 

II  755 

10270 

10  050 

10500 

8250 

85 

86 

10370 

9720 

II  680 

10  212 

9980 

10400 

8200 

86 

«7 

10330 

9630 

ii6qs 

10  154 

9910 

10300 

8150 

87 

88 

10390 

9540 

II  530 

10096 

9840 

10  200 

8  100 

8S 

89 

10350 

9450 

11  460 

10  038 

9770 

10  too 

8050 

89 

90 

loaos 

9360 

XI  390 

9980 

9700 

10  000 

8000 

90  1 

91 

1016s 

9370 

II  315 

9922 

9630 

9900 

8  9SO 

91  1 

93 

10  135 

9385 

II  240 

9864 

9560 

9800 

8900 

»2 

93 

10085 

9200 

XI 165 

9806 

9490 

9700 

8850 

93 

94 

10040 

9  "5 

II 095 

9748 

9420 

9600 

8800 

94 

95 

9995 

89^ 

XI 025 

9690 

9350 

9500 

7750 

95 

96 

9955 

8845 

10950 

9632 

9280 

9400 

7700 

9« 

97 

9915 

8760 

10  880 

9  574 

9210 

9.100 

7650 

97 

9S 

9875 

8675 

10  810 

9516 

9X40 

9200 

7600 

9> 

99 

9830 

8590 

10740 

9458 

9070 

9  100 

7550 

99 

100 

9785 

8510 

10670 

9400 

9000 

90QO 

7500 

lO*. 

lOl 

9740 

8430 

10  595 

9342 

.8930 

8900 

7450 

lOl 

loa 

9695 

8350 

XOS25 

9284 

8860 

8800 

7400 

10} 

103 

9650 

8270 

10455 

9226 

8790 

8700 

7  350 

101 

104 

9610 

8  190 

10.185 

9168 

8720 

8600 

7300 

104, 

105 

9570 

8  115 

loiis 

9  no 

8650 

8500 

7250 

103 

106 

9  5« 

8040 

X0  245 

9052 

8580 

8400 

7300 

106 

107 

9480 

79<te 

XOI75 

89»» 

8510 

8300 

7x50 

107 

lOfi 

9435 

7890 

10  IQ5 

8936 

8440 

8200 

7X00  1 

loB 

209 

9395 

7  815 

10Q35 

8878 

8370 

8X00 

7050  1 
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Talde  ZI  (Continued).     Safe  Loads  in  Poonds  per  Square  Inch  of  Metal- 
Area  for  Sleel  Cdlmnaa  and  Stmts 


I  "  length  in  inches 


f  « least  radius  of  gyration  in  inches 


lit 

(Gor- 
don's) 
and 
Ombria 

Phila- 
delphia 

Boston 

New 
York 

Chicago 

Am. 

Bridge 

Co.  and 

Carnegie 

Fowler's 
for 

struts 

Mr 

1 

H 

& 

§ 

V 

-1 

& 

§ 

1- 

§ 

C^ 

§ 

•4 

il 

§1 

82 

1 

I 

no 

III 

na 
lU 

1    114 
IIS 
ii6 
1X7 
Xl8 
1X9 
lao 

II 

93S5 
9  310 
9263 
9220 

9z8o 
9140 
909s 
9050 
9010 
8970 
8930 

HI 

7740 
766s 

7  590 
7S20 
7  4SO 
7380 
7310 
7240 
7170 
7  100 
703s 

IV 

9970 

9900 

9830 

97fio 

9695 

9630 

9560 

9  495 

9430 

9365 

9300 

V 

8  Sao 
8762 
8704 
8646 
8s98 
8530 
847a 
8414 
'     8356 
829B 
8340 

VI 

8300 

8230 

8x60 

8090 

Soao 

7950 

7880 

7810 

7740 

7670 

7600 

VII- 
8000 
7900 
7800 

7700 
7600 
7500 
7400 
7300 

7200 
7  100 
7000 

VIII 

7000 

«950 
6900 
6850 
6800 
6750 
6700 
6  6so 
6600 
6550 
6500 

IX 

1X0 

III 

iia  , 

X13 

114 

IIS 

X16 

117 

118 

119 

ISO 

In  the  following  CouPARAnvE  Diagram  of  Compression  Formulas  the 
names  of  the  formulas,  the  abbreviations  for  the  same  and  the  maximum  ratio 
of  Ijr  for  main  members  and  bnudng  struts  are  as  follows: 


Name  of  formula 

Abbreviation 

Main 
members 

Bracing 

struts 

Ameican  Bridge  Company 

A.  B. 
A.  R.  E. 
C. 
0. 
N,  Y. 
P. 
B. 

i?o 
100 
120 

300 
120 

ISO 

American  Railway  Engineering  Ass'n 
Chicago  Building  Law 

Ranldoe  (Ckirdon)  

New  York  Building  Law 

lao 
140 
xao 

PhilAdrlohia  Bxiildins  Law , , 

Boston  Building  Law , 

L_      
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!uic  HL*    Safe  Jxtmida  in  Tons  of  a  ooo  Pounds  for  Standard  Stoel-Pipe 
Columns 


<Jim 

tons  of  2  000  pounds.    Table  based  on  New  York  City  building  laws.    For- 

-»  iicd,  5  —  xs  aoo  —  s8  l/r,  in  which                                                                         | 

/  ■=  length  of  column  in  inches, 

r  »  least  radius  of  gyration  in  inches. 

cis  above  oir  to  the  left  of  the  agag  lines  correspond  to  values  of  l/r  greater  than  lao. 

Siaes  of  pipe.    Diameters  in  inches 

-^cths 

2     1    2H    1        3       1     3H     1       4       1     4Vi     1       S       1       6       1       7        1 

Thickness  in  decimal  parts  of  an  inch                                | 

1  0.1S4  '  o  203  !    0.216 

0.226   '    0.237 

0.247 

0.258 

0.280 

0.301 
19.16 

*     1 

.'.'.'.    1    '.'.'.'. 



;{ 

*I3.'87 

21. 95 

': 

. . . .   ;    .... 

16.47 

34  74 

*•       j 

::::!:::; 

8.02 

972 
II  2^ 

II. 16 
1355 
i^  i^ 

19.06 
21.66 

37  S3 

^ 

3032 
33.18 
34  04 
3590 
37  76 
39  62 
40..5.S 

a      1 

23.39 

X      1 

::::  |  :::: 

....  '  4.19 
.  .  1  4.81 

'6:a7 
761 
8a7 

■'6:41 
7.81 
9.20 

10.60 

949 
10.9s 
12.42 

la:7i 
14.30 

16.74 

as.  13 
"     26.8s 
28.58 
30.31 
31  17 

^      1 

l4.34 
19.93 
21.52 
22.32 

i5 

15.83 
17.3s 
18. II 

•^^      1 

i3.te 

14  61 

13 

n.30 

12 

....        5.44 
2  94      6  07 

8.94 

11.99 
ia.69 

IS  34 
16.07 

18.88 
19  64 

33.12 
2391 

32.04 
32.90 

41.48 
42.41 

II 

9.61 

10 

3  A2  \  6  69 

10. a7 
10  94 

13  39 
14.09 

1681 
17  54 

20.40 
21.17 

24  71 
25.  SI 

33.77 
34  63 

43  3i 

44  27 

9 

389!   732 

S 

4  37  1    7  94 

11.60 

14.78 

18.27 

21.93 

26.30 

35  50 

45-20 

7 

4  84      8.57 

12. a7 

IS48 

19.00 

22.69 

27.10 

36.36 

46. 13 

6 

5  32   1   9  20 

12.94 

16  18 

19  73 

23  45 

27.90 

37.23 

47  06 

5 

S  79  I   9  82 

13.60 

1688 

20.46  1     24.22 

28  69 

38.09 

47  99 

Sizes  of  pipe.     Diameters  in  inches 

■-rniths 

8       1       9       1      10             II       1       12       1       13       1       14       1       IS 

Thickness  in  decimals  parts  of  an  inch 

0  ^2 

0  342 

0.36s 

0.375 

0.375 

0.375 

0.375 

0  375 

V3 

J4-04       33  S3 
J8.02  '     3776 

4538 

55  49 
60.12 

64  44 
69  07 

75.63 
80.26 

84.58 
8921 

93.53 
98.17 

yi 

49.90 

u 

JX.OO 

4093 

53.28 
56.66 
60.05 

63.60 
67.08 
70.55 

72.55 
76.03 
7951 

83.74 
87.3a 
90.69 

92.69 
96.17 
996s 

101.64 
105. 13 
108.60 

p 

J3  99| 

44- 10 
47.27 

77 

36.97 

i4 

39.96 

SO  44 

63.43 

74.03 

82.98 

94.17 

103.1a 

113.08 

22 

41  9S 

52. SS 

65.69 

76.35 
78.67 

8S.30 

96.49 

105. 44 
107.76 

114.40 

20 

43  94 

54.66 

67.94 

87.6a 

98.81 

116. 71 

iS 

45  93 

56.78 

70.  ao 

80.99 

89.94 

101.13 

110.08 

119.03 

1   ^^ 

4792 

58.89 

72.46 

l?:S 

92.26 

103. 45 

113.40 

131.35 
133.67 

'    u 

4990 

61.01 

74.71 

9457 

105.76 

114.7a 

'3 

.  SO  90 

6a  06 

75.84 

86.78 

95. 73 

106.9a 

115.88 

134.83 

1       12 

51  89 

63. 12 

7697 

87.94 

96.89 

108.08 

117  03 

13599 

11 

52.89 

64  18 

78.10 

89.10 

98.0s 

109.24 

118.19 

137.15 

10 

53  «8 

65  23 

79  22 

90.26 

99.21 

110.40 

"935 

138.31 

9 

54  88 

66.29 

80.15 

91  42 

100.37 

111.56 

120.51 

129.47 

1       ^ 

55. 87 

67.3s 

81.48 

92.57 

101.53 

112.72 

121.67 

130.62 

1       7 

56.87 

68.40 

82. 6x 

93  73 

102.69 

113.88 

133.83 

131.78 

6 

S 

57.86 

6946 

83.74 

94.89 

103.8s 

115.04 

133  99 

132.94 

58.86 

70.52 

84.86 

96  OS 

105.00 

116.20 

135  15 

134.10 

•  Funushed  by  the  National  Tube  Company,  PitUburgb.  Pa. 
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Chap.    1-^ 


Table  Zm.*    Safe  Loatfi  in  Tons  ol  a  ooo 
Pipe  Colnmni 


Pounds  fer  Exlm*Stroac  Steel- 


-  Loads  in  tons  of  i  ooo  pounds.    Table  based  od  New  YoiIl  City  buildinf  laws.    For- 
mula used,  S  "  IS  300  —  58  l/r,  in  which 

S  *  allowable  oompresstve  stress  for  sted  in  pounds  per  square  inch, 
/  »  length  of  column  in  inches, 
r  »  least  radus  of  gyration  in  inches. 
Loads  above  or  to  the  left  of  the  aigzag  lines  oonrespond  to  values  of  l/r  greater  than  x  20. 


Lengths 


T 


40 
36 
33 
30 
a? 
34 
22 

30 
18 

z6 
14 
13 

13 


I 
s 

Lengths, 


40 
36 
33 
30 
27 
24 

23 
30 
18 
16 
14 
13 
13 
II 


Sixes  of  pipe.    Diameters  in  inches 


2h     I 


3^i 


4H 


Thickness  in  dedma 

il  parts  0 
1    0  355 

13.10 

an  inch 
0  375 

'  0.432 

0.318 

0.376 

0.300 

0.318 

,  0.3J7 

0  500 





5  25 

609 
6.94 

22 

8.14 
9.99 

8:36 

10.33 

13.38 
14.24 

::::: 

10.65 
13.72 
14.80 
1688 

is.' 23 

18.69 

31.01 
23  32 

199^ 
2390 
37.90 
31  89 

39  5? 
34  lf> 
38.79 
43  43 

48.0* 

31  S6 
37.23 
39.89 
42.56 
45  33 

49.32 

50.55 

SX.88I 
53  23 

TsU 

57  21 

SI  13 
54  21 

25  63 
27.95 

30.36 

31  42 

32  57 

33  73 
3489 

36  04 

37  20 

3835 
40.67 

57. JO 

3I.M 

34  OS 

25  14 

36.34 

S^ 

2952 
30.61 

3X  71 

32.80 
M  90 

60  33 

ii9S 

1999 
31.03 

33.07 
33.11 

24  IS 

25  19 

3830 

63.47 

15  33 
16.30 

17.18 
18.16 

19  »4 
30.13 

31. 10 
33.06 
33  06 

6s.  01 
66.55 

3.8s 

4. 52 

lis 

14.61 
IS  53 

16.46 

18.30 

68.09 
69.64 

ITsT 

7.30 

7.87 

9  49 
10.34 
XI. 19 
13.03 
13.88 

71  18 
73. 7a 

74  36 

75  80 
77  35 

Sixes  of  pipe.    Diameters  in  inches 


13 


Thickness  in  decimal  parts  of  an  inch 


0.500 
35  27" 
41.44 
46.07 
SO.  70 


5S  33 
59  1^ 

kz 

69.33 
72.31 

75  39 
7694 
78.48 
Bo.oa 
81.56 
83.11 
84.6s 
86.19 
87  74 
89  38 


0.500 

^4ri8 
53.36 

57  99 


0.500 
^6o759l 


0.500 


67.35 
71.^ 

81. IS 

84.23 

87  32 1 

88.87 

90.41 

91.9s 

93.50 

9$  04 
9658 
98.13 
99.67 
101.22 


-S5'.77. 
71.40  , 

76.04  I 
8C.67  I 
8s  30 
88.39 
91.48 
94  57, 
97.66 
100.74  . 
103.39 
IOJ.83  . 
105.38  . 
106.92  , 
108.47  , 
no. 01 
in. 56  I 
113. 10 
114.64 


72.52 
78.70 
83  33 
87.97 
92.60 
97  33 
100.32 
103  41 
106.50 

\?.U 

114  33 

115  77 
117.31 
118.86 
120.40 
121.95 
123.49 
125.04 
126  s8 


0.500 


84  45 
90. 6  « 
95.36 

99.90 

IC4.53 
109  17 
112.35 
"5  34 
118. 4.i 
121. «2 
124.61 
126.16 
127.70 
129.35 
130.79 


135  43 

1.16.97 
138.52 


o  500 

~~99  36 

105.54 
110.18 

114.81 

"9. 45 
124  oS 
127  17 
130.26 
I.U.3S 
136.44 
139.53 
141.08 
142.62 
144.17 
145. 71 
147.26 
148.80 
150.35 
151.89 
IS3.44 


0.500   0  500 


111.39 

117.47 
123.11 

12675 
1.11.38 
Ij6.03 
139  11 
142  30 
I4S  29 
14838 
151.47 
153.01 
154  56 
156.10 
157  6$ 
159  19 
150.74 
16J.39 
16J83 
i«S  JB 


23  23 

29  41 

34  0| 

38  68 
43  32 
47  9.? 
51.04 
.14  l.i 
57  32 
[60.31 
163.41 

^:% 

68.04 
69  59 
71. 1.^ 
73. 6H 
74.22 
7$.  77 
77  31 
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^^tt  XIV.    SbI«  Lo«d0  la  Ton*  of  a  ooo  Pounds  for  Strati  Formed  of  a 
Pair  of  Stoel  CkaimoU 


Distance  between  webs.  H  in                                             ^^ 

1 

sL'rt  is  free  to 

bend  in  either  direction,  use  smaller  load  given            [ 

[ 

^.4. 

Stresses  in  pounds  per  square  inch:                                    1---| 

12  ooo  for  lengths  of  3P  radii  and  under;                                [ 

•I3  300-  so 

fr  for  lengths  over  30  radii                            ^2^ 

i 

Weight 

-^r-fe.     perlin 

Thick- 
ness 
of  web. 

Area 
of  two 
chan- 
nels. 

Length  in  feet 

foot. 

• 

1 

lb* 

1 

in 

sq  in 

8 

9 

10 

11 

12 

14 

1 

i9  8o{ 

1.48 

101.57 

97  S6   93  S5 

89..'M 

85.48 

77  4.» 

!     ^ 

0.40 

S.62 

118.80 

u8.8oiii8  80 

118.80  118.80  118.80 

' 

».58| 

1.47 

105.32 

101.13'  96.93 

92.73    88.54    80  09 

1        3S 

0.43 

558 

123  48 

123  48  123  48  123  48' 123. 481123  00 

«52{ 

1.46 

120.  i.^ 

llS.3o|lIo.48  I03.66l100.78l  91  14 

40 

o.sa 

S  43 

141. 12 

141    12  141. 12 

141.12  141.12 

140.41 

1}     ' 

0  63 

36.4«{ 

1  45 

134  91 

129  48  123.09 

118.50  113  00 

102.08 

4S 

5  32 

158.881 158.88158  88 

158.88158.88 

157  82 

1.46 

150.36 

144  23'!.^  20 

132.17  126.06 

114.00 

50 

0.72 

29  4^1 

5  23 

176.52 

176.52  176.52 

176.52176  52 

17475 

0.82 

3^.36 

1.47 
5  16 

165.60 

159. 00' 152. 40 

145.78  139  22 

126  10 

55 

194  16 

194.16  194  16 

194.16 

I9.M6 
49.02 

192.00 

i 

0.38 

X2.06| 

1.34 

5981 

57. to    54. 40 

51  70 

43  62 

aoj^ 

4.61 

72.36 

S:g  lit 

72.361  71.99 

70.43 

1 

14-70 

I  31 

72.32 

62.21    58.83 

52  03 

1       as 

0  39 

4  43 

U.to 

88.20   88.20 

88.20    87.28 

85.26 

1 

17-64  { 

1.30 

86.52 

82.46    78.36 

74.30    70.25 

62.09 

"    1       30 

0.51 

4.5 

105.84 

105.84  105.84 
96.52!  91.78 

105. 48;  104.25 

101.78 

1 

0.64 

20  58{ 

1. 31 

101.25 

87.10;  82.37 

72.90 

1        35 

4.17 

123  48 

123.481123.48 

122.65I121.16 

118.33 

076 

1.32 

Xl6.pl 

110.661 105. 31 

99  961  94.66 

83.96 

I        ^ 

23  S2[ 

4.09 

141.12 

141. 12 

141.12 

139.82138.06 

134.65 

8.9a{ 

1.24 

42.94 

40.78 

38.64 

36.48    34.32 

30.01 

*5 

0.24 

3.87 

53.52 

S3  52 

49  98 

52.62   SI  91 

50.43 

0.38 

1I.76J 

1.20 

55  86 

52.92 

47.04    44  10:  38  22 

x> 

3.66 

70.56 

70.56 
66.15 

69.73 

68.791  67.82    65.85 

1.20 

69.82 

62.47 

58.80    55.12 

47.77 

-               2S 

0.53 

14  70? 

3  52 

88.20 

87.94 

86.69 

85441  84.19 

81.69 

0.68 

17.64I 

1.22 

8440 

80.04 

75.71 

71.35    67.03 

58.34 

30 

3-42 

105.84 

105.13 

103.63 

102.04  100.20 

97.41 

1       ^ 

aossj 

1.26 

99.76 

94.82 

89  93 

85.04    80.16 

70.33 

1       3S 

0.82 

335 

123.48 

122.34 

120.49 

118.64 

116.79 

113.13 

13H 

7.7SJ 

1. 19 

36.83 

.34.87 

32.91 

30.94 

28.98 

25.07 

0.23 

3  49 

46.68 

46.48 

45.82 

45.16 

44.50 

43.15 

1 

8.8> 

1.17 

41.45 

39  18 

36  93 

34.66 

.32.41 

27.89 

IS 

0.29 

3.40 

70.56 

52.52 

51.81 

50.98 

50.10 

48.64 

II.7« 

1. 15 

69  50 

48.71 

45.65 

42.57 

36.42 

1       ~ 

0.4S 

3.21 

68.38 

67.29 

66.20 

64.00 
46.48 

I       ^ 

0.62 

1. 17 

69.09 

65.31 

61.55 

57.77 

54.00 

1    "* 

14.70 

3.10 

87.83 

86.43 

85.00 

83.56 

82.17 

79.30 

Of 
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Chap.    I 


Table  XIV  (Contmued).    Safe  Loads  in  Tons  el  a  coo  Poniids  for  Strata 
Formed  of  a  Pair  of  Steel  Channels 


Distance  between  webs.  H  in 
If  strut  is  free  to  bend  in  either  direction,  use  smaller  load  given 
Stresses  in  pounds  per  square  inch: 
II  000  for  lengths  of  50  radii  and  under; 
13  Soo  —  so  l/r  for  lengths  over  so  radii 


13.17  12.07! 

i6.7S  161S' 

IS.  64,  14.33' 

19.7a  18.99. 

18.10;  x6.59' 

22.63!  2I.7S| 


16.94    IS  4-' 

26  02    2^  41 
22  CO    20  02 

3.1. 32  32  4^ 

^44  2S0i 

40.81  39  :-» 

32  78  29.80 

48  33  47  03 

14.49I  13  18  ii.8<i 

20. 92  20  32  10.72 

19.87  18.11  ib.35 

27. 971  27.10  1O.22 

25-^  33.35  21  12 

3S.30  .M.03  32  8S 

10.96     9.85    ... 

15  S.S  14.96  u  36 

13.02'  11.70  .... 

18.26  17.53  16.80' 

15.07,  1354  .. 

30.87I  19.96  19  12 


*  Of  single  channel. 
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Takie  XV.     Safe  Loads  in  Tons  of  a  ooo  Pomidi  for  Single-Ste^l-Aasle 

Strati 


Angles  wrm  Uivequal  Legs 

Stresses  in  pounds  per  square  inch: 
XI 000  for  lengths  of  so  radii  and  under; ' 
13  500  -  so  l/r  for  lengths  over  so  radji 

Sise,      i 

1 
Tliick- 
ness. 
in 

r 
axis 
3-3.* 

in 

Area, 
sq  in 

Length  in  feet 

in 

1 
4 

S 

40.00 

6 

7 

8 

9 

10 

.xJ 

0.S8 
0.86 

3.61 
7.99 

42.78 

37.21 

34.44 

31-64 

AM 

26.07 

5    X3H 

H 

0.76 
0.7s 

3.0s 
S.8X 

.... 

5     X3 

0.66 
0.64 

a.  40 
S.44 

— 



4'iX3 

Me 

0.66 
0.64 

a.  25 
S.06 

34^66 

aa.39 

19.92 

17. 55 

15.18 

4    X^\i 

Me 

0.73 
0.7a 

a. as 
5.06 

n.49 
25-73 

10.57 
a3.6a 

9.65 
21.51 

8.72 
19  40 

7.79 
17.29 

6.86 
15.18 

4    X3 

Me 

0.65 
0.64 

2.09 

4.69 

10.25 

aa.86 

9.18 
ao.67 

8.32 
18.47 

7.36 
16.27 

6.39 
14.07 

3HX3 

Me 

0.63 
0.62 
0.6a 

1.93 
2.30 
3.67 

9.35 
11.07 
17.67 

8.43 
9.96 
15.90 

7.51 
8.84 
14.12 

6.59 
7.74 
12.35 

afiXaW 

054 
0.S4 
0.S3 

1.44 
a.ii 
a  7S 

6.S3 
9-55 
13.34 

5- 72 
8.38 
10.78 

4.92 
7.21 
9.22 

3    XaH 

H 

O.S3 

o.sa 
o.sa 

1. 31 
1.92 
2. SO 

5.88 
8.53 
XI.  10 

S-13 
7.42 
9.66 

4.39 
6.31 
8.22 

3    Xa 

y* 

0.43 
0.43 
0.43 

1. 19 
1.73 
2.2s 

4.71 

6.85 
8.91 

3.88 
5.64 
7.34 

2UXa 

H 

0.4a 
0.4a 
0.4a 

1.06 
1.5S 

a.oo 

4.13 
6.03 
7.79 

3.37 
4-93 
6.36 

*  This  ia>  the  least  radius  of  gyratbn  with  reference  to  the  diagonal  axu  3-3*    (See 
Table  XI.  pages  362  to  365.) 
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Chap.    U 


Safe  Loads  in  Tons  of  a  ooo  Pounds  for  9incl«- 
Steel-Angle  Struts 


Angles  with  Equal  Legs 

Stresses  in  pounds  per  square  inch: 
XI  000  for  lengths  of  so  radii  and  under; 

i 

.  13  Seo  —  50  l/r  for  length's  over  50  radii 

Size, 
in 

Thick- 
ness, 
in 

f 
axis 
3-3.* 

in 

Area, 
sqin 

Length  in  feet 

4 

S 

6 

7 

8 

9 

10 

6    X6 

H 
H 

1.19 
1.18 
1.17 

4.36 
7. II 
9-74 

23.98 
39.10 
53. 57 

23.93 
38.96 
53.27 

22.83 
37  14 

50.77 

ai.74 
35.35 
48.28 

20.64 
33.54 
45.77 

19  54 
31.72 
43  26 

18.44 

29  9.» 
40  78 

S    xs 

H 

0.99 
0.97 
0.96 

3.61 
5.86 
7.99 

19.85 
32.23 
43.94 

18.89 

30.50 
41.44 

17.80 
28.68 
38.9s 

16.71 
26.86 
J6.45 

15.64 
25.06 
3395 

14  53 
23.24 
31  46 

13  4^ 
21   4.^ 

28.96 

4    X4 

H 
H 

0.79 
0.78 
0.77 

0.77 

2.86 
3  75 
4.6t 
S-44 

14.96 
19. 54 
23.93 
28.24 

13.88 
18.10 
22.13 
26.12 

12.79 
16.6s 
20.33 
^3-99 

11.71 
15.22 
18.55 
21.89 

10.61 
13.78 
16. 75 
19.77 

953 
12.33 
14  95 
17.65 

.... 

3HX3!i 

f1» 
H 
H 

0.69 
0.68 
0.67 
0.67 

a.09 
3  25 
3.98 
4.69 

10.47 
16.20 
19.74 
13.26 

9.56 
14.77 
17.95 
21.16 

8.6s 
1334 
16.17 
19.06 

7.74 
11.90 
I4.J9 
X6.96 

6.83 
10.47 
12.61 
14.86 

3    X3 

0.59 
0.58 
0.58 
0.57 

X.44 
a.  II 
a. 75 
3.36 

6.79 
9.88 
12.87 
15.60 

6.06 
8.78 
11.45 
13.84 

532 
7.69 
10.03 
12.07 

4.59 
6.60 
8.60 
10.30 

2]<iX2]j 

Mo 

0.49 
0.49 
0.48 
0.47 

0.90 
1. 19 
1.73 
a.2S 

3.87 
5.10 
7.. IS 
9.44 

3.32 
4.39 
6.27 
8.01 

3.76 
3.66 
S.19 

6.57 

*  •  •  ■ 

afiXaU 

M 
H 

0.44 
0.44 
0.43 
0.43 

0.81 
1.06 
1. 55 

1.78 

3.26,     2.70 
4.261     3.54 
6.13)    5.05 
7.14,    5.80 

aiso 
3.95 
4.53 

::::l 

2      X2 

0.40 
0.39 

0.72 
0.94 

2.70    2.16;  .... 

3.45     2.72!    a. 00 

*  This  is  the  lea^t  radius  of  gyration,  with  reference  to  the  diagonal  axis  3-3. 
Table  XII.  pages  366  and  367) 


(See 


y  Google 
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IkU*  ZVI.    Safe  Loads  in  Tons  of  a  ooo  Pounds  for  Doubio-Stod-Angle 


Legs  Paxallel 
Stmaes  in  poui; 

•• 

1 

Long 

AND  Ohe-IIAI^  IMCa  APART 

ids  per  square  inch: 

■^IF 

X  J  coo  for  lengths  of  so  tsdii  and  under;                                1 

y 

13  soo  -  so  // 

r  for  lengths  over  50  radii                                "*1 

r 

Sije. 

Thick- 
ness, 
in 

Least 
in 

Area 

two 

angles. 

sqin 

Length  in  feet 

in 

5 

6 

7 

8 

10 

II 

13 

«    X6 
6    X4 

1 
H 

>M6 

a.49 

1.67 
1.74 

n.52 

36.8a 
7.33 
14.94 

74.36 
147.51 
39  71 
83.17 

74.36 
147  51 
39.71 

83.17 

74.36 
147  SI 
3965 
83.17 

74.36 
147.51 
38.35 
80.26 

74.36 
147  51 
35  77 
75. 07 

73.34 
147.51 
34.47 
72.50 

71  73 
144.63 

33  14 
69.91 

6    X3h 

I  43 
1.46 
I  49 

i.sa 

6.84 
9.00 
XI.  10 
14.13 

37.63 
4950 
61.05 
77.66 

37. 57 
49  50 
61.  OS 
77.66 

36.13 
47.81 
59  27 
75.83 

34.69  31  82 
45.97   42.27 
57.0s   52.51 
73.03I  67.42 

30.38 
40.41 
50.29 
64.65 

39.00 
38.56 
48.07 
61.88 

5    X4 
S    X3H 

H 

H 
H 

1.S9 
1. 54 
1.51 
l.SS 

6.46 
13.38 

6.10 
11.63 

35  53 
68.09 
3355 
63.91 

35  S3 
68.09 
33  55 
6391 

35  07 
66.69 
32  70 
63.69 

33  861  31.41 
64.38I  59  45 
31.49I  2905 
60. 4S;  $5. 95 

30.30 
57.04 
37.84 
53.71 

28.99 
54.63 
36.64 
51.44 

5    X3 

H 

1.27 
1.30 
1-33 
1.36 

S.73 
7.50 

9.33 

10.88 

31.46 
41.35 
SO.  71 
59-84 

30.50 
40.23 
49.76 
S8.94 

39.15 
38.51 
47.69 
56.63 

37.8oi  35.09 
36.78,  33  .32 
45.59    41.40 
54.23    49  42 

23. 75 
31.59 
39-30 
47.05 

33.39 
39.85 
37.29 
44.66 

i    X3 

H 
H 
H 
H 

i.as 

I. JO 
1.36 
1.32 

534 
10. 13 
4.96 
9.38 

29.37 
S5.66 
37.38 
51.59 

28.35 
S3.I3 
26.28 
49.47 

37.07 
50.60 

35.12 
47.18 

2579    23.23 
48.07    43.01 
34.00'  31.64 
44.85,  40.34 

21.94 
40.48 
20.49 
37.94 

30.66 
3995 
1930 
35.64 

3JaX3H 

H 

X.X3 
I.IO 
X   09 

l.o6 

3.88 

4.33 

5. SO 
7.30 

15.S8 
aa.  73 
29.56 
38.92 

14. 8t 
31.59 
38.05 
36.86 

14.03 
ao.42 
26.53 
34.78 

1 
13.26    11.72 
19.28    16.97 
25.021  31.98 
33.74'  38.58 

10.95 
15.82 
20.47 
36.51 

10.18 
14.67 
18.96 
24.43 

3    Xl 

1 

Ms 
>4 

093 
0.9a 
0.79 
0.7S 

3.38 
4. SO 
1.63 

4.00 

13.33 
33.04 

7.86 
19.00 

11.45 

3I.S8 

7.24 

17.40 

10.69 

ao.io 
6.63 
15.80 

9.92 
18.64 
6.01 

14.20 

8.39 

IS.  70 

7.62 
14.23 

2    X2 

2  Xa 

Ms 

0.62 
0.61 

1.44 
1.88 

6.33 
8.06 

554 
7.14 

4.82 
6.20 

4.13 

S.26 

..;. 

y  Google 
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Tabto  ZVU.*    8«fe  Loads  in  Units  of  i  ooo  Poinds  for  Stool-Bonas 


i= 


Allowable  fiber-stress  in  pounds  per  square  inch:  13  000 
for  lengths  of  60  radii  or  under 
Reduced  for  lengths  over  60  radii  by  Formula  (x3)» 

5  -  19  000  —  100  Ifr 
Weights  do  not  include  details 


Depth  and  weight  of  sections 

Eflfectivc 
length. 

H  beams 

I  beams 

8-in 
34-lb 

1      6-in 
23.8-lb 

S-in 
18.7-lb 

4-in 
13.6.1b 

x5-in 
424b 

la-in 
3U4-lb 

lo-in 
35'lb 

2 

X30.0 

91.0 

71. 5 

53.0 

x6a.a 

IJ0.4 

95.« 

3 

130.0 

91.0 

71. S 

53.0 

X63.2 

120.4 

9S.8 

4 

130.0 
130.0 
130.0 
130.0 
130.0 

91.0 
91.0 
91.0 
91.0 

71-5 
7X.S 
71.S 

Sa  0 

163. 3 
x6a.a 

iao.4 

130.4 

95.8 

S 

SO. 7 

45.7 
40.6 
35.6 

94.4 

6 

X53.9 
140.x 
136. a 

109.9 
98.9 
87.9 

853 

7 

66.0 
60.5 

76.3 

8 

86.7 

67.1 

9 

130.0 

80.9 
75  I 

693 
63.S 
577 
519 

55.0 
495 

44.0 
38.5 

30.5 

113.3 

98.5 

76.9 
65.9 

58.0 

10 

ia5.8 

119  4 
113. 0 

X06.6 
100.  a 
93.8 

26.7 

24.3 

ax. 7 

i6!6 
X4.I 

so. 3 

IX 
13 

86.0 
790 

Z\ 

58.2 

59.9 
54.4 
48.9 
43.4 

37.9 

45. 7 
41.1 

13 
14 

35.8 
33.0 
30.3 

36.S 

32.0 

15 

47.6 

37.4      ' 

16 
17 
18 

!Z-3 
80.9 

74.5 

^2 
41.8 

38.9 

36.0 

33.x 

a4.8 
aa.o 

SI 

51  3 
44.4 
37.4 

36.9 

32.9 

19 

ao 

69.0 
6S.8 

21 
22 

23 

24 

25 

6a. 6 

%:i 

S30 
49-8 

3o.a 
27.3 
24.4 

ax. 5 

::::::: 

26 

27 

a8 
29 

30 

46.6 
434 
40. a 
37.0 
33  7 



31 

.10  5 

irea.  sq  in 

10.00 

7.00 

5. 50 

4.00 
107 

0.95 

13.48 
441.8 

\n 

1.06 

9.26 

215.8 
4.83 

95 
1. 01 

31H 

7.37 

/i  ,.  in*,... 

;t  ».»«>: 

/ii.m« 

ri  ?.m 

XX5  4 
3.40 
35  I 

1.87 

34 

45. 1 

2  54 

14  7 

I  4S_ 

238 

33.8 

a. 08 

7.9 

1. 30 

123.1 
4.07 
6.9 
0.97 

Weight, 
3  per  Un  ft 

18.7 

13.6 

43 

25        ■ 

Safe  load- values  above  the  upper  heavy  line  are  for  ratios  of  llr  not  over  60;  those 
between  the  heavy  Hoes  for  ratios  up  to  120  i/r\  and  those  below  the  tower  heavy 
line  are  for  ratios  not  over  200  i/r 


*  From  Pocka  CompaoioOp  1915  Edition,  Carnegie  Sted  Company,  PitUburgh,  Pa. 
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Xille  XVn  •  (Coadiwed).    Safe  Loads  in  Units  of  i  ooo  Pounds  for  Steel- 


1 

I 

Allowable  fiber-stress  in  Dounds  oer  sauare  inch:  1%  oco 

^     "Jr    "^           for  lengths  of  60  radii  or  under 

1                        Reduced  for  lengths  over  60  radii  by  Formula  (13) . 

nt 

5  -  19  000  —  100  i/r 
Weights  do  not  include  details 

T^ 

1 

Depth  and  weight  cA  sections 

Effective 

I  beams 

9-in 

3X-lb 

8-in 
ift-lb 

7-in 
iS-lb 

6.in 

I2H-lb 

5-in 
9^4-lb 

4-in 
7V4-lb 

2 

82.0 
82.0 
82.0 

69.3 
69.3 
693 

57.5 
57. 5 

46.9 
46.9 

37-3 
37.3 

28.7 

3 

28.S 
24.0 
19s 

4 

56.8              445 
50.0              38. 5 
43.2              32.5 
36.4      1        26.5 

33.3 
28.0 

22.7 

5 

77.8 

694 
61.0 
52.6 

63.2 
55.6 

48.0 
40.4 

6 

15.2 
13.0 
108 
8.5 

7 

188 
16.x 
13.5 
10.8 

8 

30.3              22.9 
26.9              199 
23. 5               16.8 
20.1                11  8 

9 

44  a 

35.0 
31.2 

II 

x6.o 

10 

40.0 

358 
31.5 
273 
23-1 

18.9 

* 

16.7 
13.3 

X0.8 

13 

15 

16 

s 

19 

Z3 

24 

TJ 
39 

31 

•. 



AxeA.8qiil          6.31 

533 

4-42 

3.61 

2.87 

2.21 

/ii.in« 84^9 

rii.in 1        367 

/ifcin* 5* 

rii,in 1        0.90 

S6.9 
3.27 

0.84 

36.2 

2.86 

2.7 

0.78 

21.8 

2.46 

1.9 

0.72 

X2.I 

2.0s 

1.2 

0.65 

6.0 
1.64 
0.77 
0.59 

Ib^iSft 

n 

x8 

15 

I2V4 

9^ 

7H 

8^  load-values  above  the  upper  heavy  line  are  for  ratios  of  Ifr  not  over  00;  tnose 
between  the  heavy  lines  for  ratios  up  to  IJO  l/r\  and  those  below  the  lower  heavy 
1  hue  are  for  ratios  not  over  aool/r 

*  Fram  Pocket  Compankmp  19x5  Edition,  Canicsie  Steel  Company,  PitUbuxgh.  Pa. 
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TaU*  ZVm.    Safe  Load*  In  Tons  of  »  ooo  Pounds  for  BoOdohta  R^ltad- 
Steel  8-Inch  H  Colo«no  wifh  Square  Ends 


Unsupported 

length. 

ft 

S 

1 

1 

=  = 

Allowable  stress  in  pounds  per  square  inch: 

16  000  --  55  </r  for  lengths  over  5$  radii 

' 

8 

9 

10 

XI 
12 

^i 

14 
IS 
i6 

17 
i8 
ao 

aa 

24 
26 

597 
597 
58.1 

S6.S 
SS.o 
SJ5 

Sa.o 
S0.4 
48.9 

47.4 
45. 9 
42.8 

66.1 
66.1 
64.7 

660 
613 
597 

58.0 
S6.3 
54.6 

53.0 
51.3 
480 

74.8 
74.8 
73.3 

71.4 
69.6 
67.7 

6S.8 
64.0 
62.1 

6o.2 
S8.4 
54.6 

83.4 
83.4 
81.9 

798 
77  7 
75  7 

73.6 
71. $ 
69.4 

67.4 
65.3 
61. 1 

9J.a 
92.2 
90.6 

883 
86  I 
83.8 

8i.$ 
79. a 
76.9 

74.6 

72.4 
67.8 

101.0 

lOI.O 

99  5 

97.0 
94.5 
93.1 

89-6 
87.1 
846 

82  2 

79  7 

74.7 

1099 
109.9 
108.4 

105  7 
103  0 
100  3 

97.7 
950 
92  3 

896 
869 
81  6 

397 
3«.7 

44.6 

41. 3 
38.0 

S0.9 
47.1 
43.4 

57. 0 
53.8 
48.7 

63.» 
58.7 
54.1 

69.8 
648 
59-9 

76.2 

709 
655 

Area,  sq  in 

9.17 

10.17 

II. SO 

12.83 

14.18 

15. 53 

16.90 

/i-i,in« 

fi  1.  in 

/t-«.in« 

ri-t,in 

105. 7 
3.40 
35.8 
1.98 

121.  S 
3.46 
41.1 
2.01 

139  S  . 

3.48 
47.3 
2.03 

X58.3 
3  51 
53-4 
2.04 

177.7 
3  54 
598 
2.0s 

1978 
3.57 
66.3 

2.07 

ai8  6 
360 
73  1 

2.08 

57  5 

Weight 
of  section, 
lb  per  lin  ft 

3a.o 

34.5 

390 

43.5 

48.0 

53.0 

Loads  below  the  heavy  line  are  for  lengths  greater  than  xas  radii 

y  Google 
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1 


^i^  ZVm  (Cotttfn— d).    Safe  Lotds  in  Toss  of  a  ooo  Pounds  for  Botli- 
BaBod-St«ol  SOscfa  H  Gohmms  witb  Squuo  Bnd« 


Allowable  stress  in  pOMtods  per  square  inch: 
13  000  {or  lensths  under  55  radii; 
16  000  —  55  l/r  for  lengths  over  55  radii 


118.8 
118.8 
U7.3 

I14.4 
III. 5 
108.7 

X05.8 
iaa.9 
100.0 

97.1 
94.2 
88.5 


8a.  7 
76.9 
71.3 


u.sqia       18.  J7 


127.8 
127. 8 
136.5 

123-5 
130.4 
"7  3 

1x4.2 
III. 2 
108.1 

lOS-O 
IOX.9 
93.8 

89.6 


136.8 
136.8 

135.6 

146.0 
146.0 
144.9 

154  6 
154  6 
153. 6 

163.8 
163.8 
163.1 

133.4 
139.1 
135.8 

141  4 
137.9 
134-4 

1499 
146.2 
143.6 

1593 
ISS.4 
151.6 

132.5 
1193 
116.0 

131. 0 
137. 5 
134.0 

138.9 
I3S  2 
131.6 

147.7 
143.9 
140.0 

112.7 

109.4 
103.9 

lao.s 

117. 0 

110. 1 

127  9 

124.2 

.  116.9 

136.1 
1323 

124.6 

_S«.i_ 

103.1 

109.6 

I16.9 

83. 5 
77.3 


89.8 
83.3 


19.66 


21.05 


96.2 
89.3 


103.3 

94-9 


109.3 
101. 5 


33.46 


33.78 


173.2 
173  2 
172.6 

1686 
164  5 
460.5 

156.4 
153.4 
148.3 

144.3 

140.2 
132.1 

124-0 


lis. 9 
107.8 


36.64 


•■!.in 

':5.in  ... 


240.2 
3-63 
80.0 
3.09 


•5iht 
■  >r  ha  ft 


63.0 


263.5 
3.65 
87.1 
3.11 


385.6 
3.68 
94.4 
3.13 


309.5 
3.71 

IOI.9 
3.13 


3335 

3.75 
109.3 
3.14 


359-0 
3.77 

117.2 
3.16 


67.0 


71.5 


76.5 


8x.o 


85.5 


385.3 
3.80 
125.x 

2.17 


90.5 


Loads  brioir  the  heavy  line  ar«  lor  lengths  greater  than  135  radii 


y  Google 
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Table  XIX. 


Safe  Loads  in  Tons  of  a  ooo  Pounds  for  Befhlahem  RoOed- 
Ste^  10-Inch  H  Columns  with  Square  Bnds 


Unsupported 
length. 

ft 


II 

12 

13 
14 
15 

i6 
18 

20 

22 

34 

26 

28 

30 
32 


Area,  sq  in 

/i.i,in«.... 

ri.i,  in 

/i-t.  in*.... 
r,  J.  in 

Weight 
of  section. 
Ibperlinft 


L 


93. 5 

93  S 
92.1 

90.2 

88.3 
86.3 

84.S 
80.7 
76.9 

73  X 
69.3 


61.6 
57.8 
54. o 


14.37 


263.5 
4.28 
89.1 
2.49 


49.0 


1 ^ 


68.7 

64. 5 
60.3 


IS.91 


296.8 
4.32 

100.4 
2.  SI 


S4.0 


Allowable  stress  in  pounds  per  square  inch: 
ijooo  for  lengths  under  S5  mdii; 
16  000  —  55  Ifr  for  lengths  over  SS  radii 


103.4 
103.4 

102.2 

114. a 
114.2 
113. 1 

125.0 
125.0 
1239 

135  9 
135.9 
134  9 

100. 1 
98.0 

95. 9 

110.8 
108.S 
106. a 

121. 4 

Its. 9 
116. 4 

132.3 
129.5 
126.9 

93.8 
89.6 
854 

1039 
99  3 
94.7 

1139 
108.9 
103.9 

124.2 
118. 8 
113  4 

81.3 
77.1 
729 

90.1 
8S.6 
81.0 

98.9 
939 
88.9 

108.0 
ioa.6 
97.2 

146.8 
146.8 
145.9 

143  o 
140. 1 
137.2 

134.3 
128.5 
122.7 

116. 9 
III. I 
105- 3 


76.4 

83.9 

91.8 

71.8 

78.9 

86.4 

67.2 

73.9 

80.1 

17. 57 


331.9 
4  35 

112.2 
2.53 


595 


19  23 

368.0 
4.37 

124.2 
2.54 


65.5 


20.91 

405.2 
4.40 

136. S 
2.56 


99.5     I 
93.7 
87.9     i 

22.59 

L 

4436 

4  43 
149  I 
2.57 


71.0 


77.0 


1S7  9 
1579 

157  o 

153  9 
150.8 
147.7 

144  6 
138.4 
132.2 

126.0 
119.8 
113  5 


107.3 
101. 1 
94  9 

24.29 

483  o 
4.46 

162.0 
258 


82s 


Loads  bdow  the  heavy  line  are  for  lengths  greater  than  125  radii 


y  Google 
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Tabte  HZ  (Coadnned).    Safe  Loads  in  Tons  of  a  ooo  Pounds  for  BotUe- 
bam  RoDod-Steel  zo-InGh  H  Columns  with  Sqnaxo  Bnds 


'  Unsapported 

length, 

ft 


t            ■— f 
J -f 

II 


Allowable  stress  in  pounds  per  square  inch: 
X3  000  for  lengths  under  55  radii; 
16  000  —  55  l/r  for  lengths  over  S5  radii 


II 
u 

13 
14 
IS 

16 
18 


22 
24 
a6 

a8 
30 
32 


166.9 
168.9 
16B.3 

i6so 
161. 7 
IS8.4 

ISSI 
14S.S 
142.0 

I3S-4 
uS.g 

172.2 


180.1 
180. 1 

179-6 

190.6 
190.6 
190.2 

201.9 
201  9 

201.9 

213.2 
213.2 
213.2 

324.6 
224.6 
324.6 

176. 1 
172.6 
169.1 

186.6 
182. 9 

179.  a 

19B.0 
1941 
190.3 

3093 

20s. a 
201.2 

220.7 
216.4 
212.1 

165.6 
1S8.6 
151 -6 

17S.S 
168.  X 
160.7 

186.4 
178.6 

170.8 

197.0 
188.9 
180.7 

207.8 
199.2 
190.7 

144.6 
137.6 

153.3 
145.9 
I38.S 

163.1 
155-3 
1475 

172.S 
164.4 
156.2 

183.1 
173. 5 
165.0 

1156 
109.0 

IQ2.4 


123.6 
II6.6 
109.6 


131. 2 

1398 

148.0 

123.8 

X32.0 

139.9 

1x6.4 

124.2 

131.7 

156.4 
147.8 
139.2 


236.1 

236.1 
236.1 

332.2 
227.7 
223.2 

218.7 
309.8 

300.8 

191- 8 
182.8 

'7f» 


164.9 
1.55-9 
146.9 


Area^sq  in 


25.99 


27.71 


29.32 


3X.06 


33.80 


34.55 


36.32 


A- 1.  in« 
rii,  in. 
/i_j,in* 
''x-a.in. 


5^5 
4.49 

175.1 
3.60 


565  2 
4.52 

188.6 
2.61 


607.0 
455 

201.7 
2.62 


651.0 
4.58 

3X5.6 
3.64 


696.3 

4.61 
229.9 
2.65 


742.7 
4.64 

244.4 
2.66 


790.4 
4.67 

259.3 
2.67 


Weight  of 

section. 

lb  per  Un  ft 


88.5  94.0         995        lOS.S        m.S        1175        "3.5 


Loads  bdosr  the  heavy  line  are  for  lengths  greater  than  125  radii 
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Table  XX.    Safe  Loads  in  Tena  of  a  ooo  Pounda  for  Bethlehem  Rotted- 
Steel  ta-Inch  H  Celamtia  with  Square  1 


Unflupported 

length. 

ft 


Allowable  stress  in  pounds  per  squart  inch; 
13  ooo  for  leogUtt  under  S5  radii; 
16  000  —  55  l/r  for  lengths  over  S5  radU 


10 
xa 
X4 

16 
x8 

20 

22 
24 

a6 

38 
30 

32 

34 

36 
38 


Area,  sq  in 


h  I.  in* 

rii.in.... 

/a-.,  in* 

r%  I,  in 

Weight 
of  section, 
lb  per  lin  ft 


123. s 
123  s 

122.5 

136.2 
136.2 
1354 

XI8.3 
114.1 
109.9 

130.8 
126.2 
121. 6 

los  7 
101.5 
97.3 

117  0 
112.4 
107.8 

93.1 
88.9 

103. 1 
98.5 

&4.7 

93-9 

80.5 
76.3 

89.3 
847 

149  I 
149  1 
148.3 

143.3 
138.3 
133.2 

128.2 
123.2 
118. 1 

113. 1 

toft  I 


162.0 

162. 0 
161. 4 

ISS.9 
ISO.  5 

145. 1 

139.7 
134  2 
128.8 

123  4 

117  9 


X03.0 

98.0 
93.0 


107. 1 
101.7 


I7S.0 
175.0 
174.5 

168.6 
162.8 
IS6.9 

151  1 
145  2 
139  4 

133-5 

127  7 


121.9 

116  o 
no. 2 
104  3 


188.0 
188.0 
187.7 

181. 5 
175.2 
169.0 

162.8 
156.5 
ISO  3 

144  o 
137  8 


19.00 


ao.96  j  22.94 


4990 

556.6 

5  13 

5  IS 

168.6 

X88.2 

2.98 

300 

615.6 

5. 18 
ao8.i 

3.01 


24  92 


676.1 
5.21 

228.5 
3.03 


64.5  I   n.5    7«.o    845    91.5    98  5   105.0 


26.92 


738.x 
5.24 

249  a 
304 


131.6 

i25  3 

119. 1 
X12.8 


2892 


201. 1 
201.1 
201.0 

194  3 
187  7 
181.0 

174.4 

167  7 
161. 1 

154  4 


141. 1 

134  4 

127.8 
121. 1 


214.2 
214.2 
214.2 

207.2 
200.1 

193-1 

X86.0 
178.9 
17^  9 

164.8 
157.7 

JSSJL 


801.7 
5. 27 

270.1 
306 


30.W 


866.8 
5-30 

291.7 
307 


143  6 
X36.6 
129.5 

32.96 


933  4 
5.33 

313  6 
3.08 


Loads  below  the  heavy  line  are  for  lengths  greater  than  las  fadU 


y  Google 
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TaMe  XX  (Contmued).    Safe  Loads  in  Tmu  of  aooo  Potuida  for  Betkto- 
hem  Rolled-Steel  ij^Ioch  H  Colwons  with  Square  Ends 


unstippofted 

Ibngth, 

ft 


Allowable  stress  in  pounds  per  square  inch: 
13  ooo  for  Ingtiis  under  55  radii; 
i6  ooo  —  55  i/f  for  lengths  over  55  ndil 


i6 
tS 


a6 

aS 
30 
33 

34 
36 

38 


236.7 

2J6.7 
2J6.7 

2x9.6 
212.  r 
204.7 

197.3 
189.9 
182.5 

175.0 
167.6 
x6o.2 


239.9 
239.9 

2399 

2533 
253. 3 
2533 

266.7 
266.7 
266.7 

28o.a 
28o.a 
280.2 

293.7 
293.7 
293.7 

232.6 

224.8 
217.0 

246.0 
237.8 
229.6 

2593 
250.6 
242.0 

272.6 

263.5 
254. 5 

286.0 
276.6 
267.1 

.     209.1 

201.3 
1935 

221.4 
213.2 
2ai.9 

233.4 
224.8 
216.  X 

24SS 
236.4 

227.4 

.   257.7 
248.3 
238.8 

185.6 
177^ 

196.7 
188.S 

207.5 
198.9 

218.4 
209.3 

229.4 
219.9 

170.0 

180.  *3 

190.3 

200.3 

210.5 

Z52.S 
145.3 
137.9 


162.  X 

154.3 
X46.5 


172. 1 
163.9 

155.6 


181.6 
173.0 
164.4 


191. 3 
182.3 
173.2 


201.1 

191.6 
182.2 


307.3 
307.3 
307.3 

299.7 
289.9 
a8o.i 

270.3 
260.5 
250.7 

340.9 
231.0 

221.2 


211. 4 
201.6 
191.8 


Area,  sq  in 


34.87 


ri_i.  in.. 
/j.t,  in*.. 
rM,in.. 


X  000.0 

5.36 

335.0 

3.10 


36.91 


r 069.8 

538 

357.7 

3.11 


38.97 


41  03 


43.10 


45.19 


1141.3 

5.41 

380.7 

3-13 


12145 
5.44 
404.1 
3.14 


1289.4 
5.47 
428.0 
3.  IS 


1366.0 
5.50 

452.2 
3.16 


47.28 


1444.3 
5.63 
477.0 
3.18 


WeigJit 
of  section, 
lb  per  Una 


1X8.5 


125.5 


132.5 


139.5 


146.5 


153.5 


161. 0 


Loads  bdow  the  heavy  line  axe  for  lengths  greater  than  125  radii 
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Table  Zn.    Safe  Loads  in  Tons  of  a  ooo  Pounda  for  Betfalohem  RoUed- 
Steel  X4-Iiich  H  Colnnina  with  Sqnare  Eada 


Unsupported 
length. 


Allowable  stress  in  pounds  per  square  inch: 
13  000  for  lengths  under  S5  nuiii; 
i6  000  —  55  </r  for  lengths  over  55'radii 


I 


16 
18 
10 


24 
a6 

38 

J0 


40 
44 


Area,  sq  in 


/i-i,  in«, 
ri  I.  in. 
/•us,  in* 
rut.  in. 


Weight 
of  section, 
lb  per  lin  ft 


159-0 
1S90 
X59.0 

158.5 
153.8 
149.2 

144. 5 
1399 

130.S 
ias.9 

X2(.3 
III. 9 


173.9 
173.9 
173.9 

18S.9 
188.9 
188.9 

ao4.o 
204.0 

2C4.0 

219.1 
319.x 
3t9.l 

234-3 
334.3 
234.3 

173.9 

168.5 

163.4 

188.6 
183.2 
177.7 

304.0 
198.1 

192.2 

219.1 
3x3.9 
306.6 

234.3 
238.0 
221.3 

158.4 

IS3.3 
148.3 

172.2 
166.7 
i6x.2 

186.3 
180.4 
174.6 

200.3 

f94.o 
187.7 

214.6 
207.9 
201.2 

143.2 
138.1 
IM.I 

IS5.8 
150.3 
144.8 

168.7 

163.8 
156.9 

181.4 
175.1 
168.8 

1945 
X87.8 
181.  X 

122.9 

133.8 

145. 1 

156.2 

1677 

102.6 


24.46 


II3.8 


123.9 
1x1.9 


884.9 

6.01 
3945 
3.47 


835 


36.76    I    39.06 


976.8 
6.04 

325.4 
3.49 


x  070.6 

6.07 

356.9 

3.50 


133.4 

131 .6 


31.38 


1166.6 

6. 10 

387.8 

3.52 


91. o  99.0        106.5         114.5 


143.6 
131.0 

33.70 


1264.S 
6.13 
420.3 
353 


154.3 
140.9 

36.04 


249.5 
249-5 
249. 5 

249-5 
243.0 
235  9 

328.8 
221.7 
214.5 

207.4 
200.3 
193-2 

179  o 


164.7 
150.5 

38.38 


1364.6  1466.7 

6.16  6x8     , 

453.4  486.9     I 

3.55  3.56    ! 


.1 


I  I 

122.5     I     130.5 


Loads  below  the  heavy  line  are  for  lengths  greater  than  125  radii 


y  Google 


Tables  of  Safe  Loads  for  Steel  Columns 


513 


&bte  ZZI  (CootiiBfted).    Safe  Lottds  in  Tons  of  2  ooo  Pounds  for  BoCh- 
lifcwn  Roaed-Sted  14-Iach  H  Colnmiia  with  Sqnuo  Badi 


t 
1 

ixt  inch: 
S  radii 

'r-TTptrted 

i. 

AUofwable  stress  in  pounds  per  sqw 
13  000  for  lengths  under  5S  nM; 
16000  —  SS  l/r  for  lengths  over  5 

u 

• 

I 

n 
u 
14 

16 
IS 

30 

22 
2t 

3638 
J638 
2638 

2638 

2574 

1       2499 

1       242.4 
1       234  9 
1       227  4 

1      »o.o 

1   '"^ 

205-0 

1    190.0 

2792 

279.2 

279.2 
2792 

272. 5 
264.6 

2S6.7 
248.9 
24X.0 

233.x 

225.2 
217.3 

201.5 

294.7 
394.7 
294.7 

294.7 
288.1 
2798 

271. S 
a«32 
254.9 

246.6 
238.3 

230.0 

213.S 

3x0.1 
310. 1 
3x0.1 

3x0.x 
303.4 
294.7 

386.0 

268.6 

259  9 

251.2 
242. s 

225.1 

325.7 
325.7 
325.7 

325.7 
3190 
309.9 

300.8 
291.7 
282  6 

273  5 
2644 
255. 3 

237  I 

341.3 
341.3 
341.3 

341  3 
3346 
325.1 

31S.6 

306.x 

,    2966 

287.x 
277.6 
268.1 

249  I 

40 

it 

175  1 

160. 1 

1857 
X70.0 

196.9             207.7 
180.3             1903 

218.9 

200.7 

230.1 
211. 1 

•-^3,aqm 

*..59 

42.9s 

4S.33 

47.71 

So.xi 

52.51 

.i¥ 

■  iC 

'.-.Ja*.... 
•t-.u: 

SI97 

3.S» 

X  674.7 

6.24 

SS4.4 
3.S9 

17833 

6.27 

589.5 

3.61 

1894.0 
6.30 
6a6.x 
3.62 

2007.0 

6.33 

662.3 

3.64 

2122.3  ' 

6.36 

699.0 

3.6s 

*r|tt 

trSaft 

I3S.0 

■   ■  -            I 
146.0 

IS4.0 

162.0           170.5 

I78.S 

1             LMd 

1   . 

sbdowthe 

heavy  line 

are  for  lengths  greater  than  125  r& 

dii 

y  Google 
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Ta^e  XU  (Continaed).    S«fo  Loads  la  Toas  of  a  ooo  Pooadt  for  Botl 
Itboa  RoUed-atMl  X4-Iaeh  H  Cnlntmw  witb  Square  Bads 


Unsupported 

length, 

ft 


9 


Allowable  stress  in  pounds  per  square  inch 
13  000  for  lengths  under  SS  radii; 
16  000  ~  SS  l/r  tot  lengths  over  55  radii 


xo 

13 

14 

16 
x8 

» 


U 

a6 

3a 


40 
44 


357.0 
357.0 
357. c 

357  o 
3S0.3 
340.4 

330  5 
330.6 
310.7 

300.8 
290.9 
381.0 

a6r.2 


372.8 
373.8 
3728 

388.6 
388.6 
388.6 

403  5 
403  s 
403.S 

419.4 

419  4 
419  4 

435.4 
435  4 
435.4 

372-8 
366.1 
3SS8 

3886 
381.9 
371.3 

403  S 
396.9 
385.8 

419  4 
412.9 

410. s 

435. 4 
429  0 

417.2 

345. 5 
3.15  a 
324  9 

360s 
349.8 
3».l 

374  8 
363.7 
352.6 

390.0 
378. 5 
367.1 

405.3 
393. 4 
381.6 

3x4.6 
304  3 
394  0 

33«4 

3n.7 

307  0 

341.6" 
330.S 
319.4 

355  6 
344.1 
333.6 

369.7 
357.8 
345-9 

273.4 

385.6 

2973 

3097 

322.3 

451 

451 
451 

4^1 
44- 
43J 

4X 
40fl 

39« 

3SJ 
371 
3SC 


241.4 
331.6 


Area,  sq  in 


54.92 


Ti^i.in*.... 

fui,  in 

lutein*.... 
r».t.in 


9239* 

6.39 

736.3 

3.66 


Weight 
of  section, 
lb  per  Un  ft 


186.5 


353.8 
333.3 


33597 

6.41 

744.2 

3.67 


364.3 
343.8 


275  I 
253.0 


59.78 


195.0 


2481.9 

6.44 

813.6 

3.69 


2Q3.S 


63.07 


2603.3 

6.48 

849.8 

3.70 


386.8 
263.8 


298. 5 
274.8 


64.53 


3  730.3 

6.51 
889.3 
3.71 


219.5 


66.98    I    69 


3  859-6 

653 

929  4 

3  73 


227.5 


Loads  below  the  heavy  line  are  for  lengths  greater  than  135  radii 
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IkMe  XZI  <C<mtmaed).    tScfe  Loads  !n  Tods  of  2  000  Pounds  for  Bethle- 
hem RoUed-Steel  i4-Ifich  H  Columns  with  Square  Ends 


i 

Uosapported 
length. 

Allowable  stress  in  pounds  per  square  inch: 
13  coo  for  lengths  under  55  radii; 
x6  000-  ssi/r  for  lengths  over  55  nidii 

1     " 

10 
12 
14 

16 
iS 

ao 

22 

as 
3f> 
32 

J6 

467.6 
467.6 
467.6 

467.6 
461.5 
448.9 

436.3 
43J.6 
410.9 

398.3 
38S.6 
372.9 

347.6 

483.8 
483.8 
483.8 

483.8 
477.9 
464.8 

451-8 
438.7 
425.7 

413.6 

399.6 
386.5 

360.4 

500.0 
500.0 
500.0 

500.0 
494  4 
480.9 

467.4 
454-0 
440.5 

437.1 
413.6 

400.2 

373.3 

516-4 
516.4 
516.4 

516.4 
510.9 
497.0 

483.3 
4693 
455. 5 

441 -6 

427-8 
413-9 

386.3 

53^.8 
532.8 
532.8 

533.8 
527-6 
513  3 

499.1 
484.8 
470-6 

456.3 
442.1 

427.8 

.W9.4 

549  3 

549.3 
5493 

549.3 
544  3 
539.6 

515  0 
S00.4 
48S.7 

471. 1 
456.4 
441.8 

4x2.5 

40 
44 

322.2 
396.9 

334.3 
308.1 

346.4 
3x9.5 

358.6 
330.9 

370.9 
342.4 

383.3 
354.0 

.\rea,sqin 

71-94 

74.43 

76.93 

79.44 

81.97 

3688.8 
6.71 

X 183.4 
3.80 

84.50 

/ii,in« 

'n.  m 

/t-:.in« 

's?.  in 

312s. 8 
6.59 

10T1.3 
3. 75 

3263.7 
6.62 

1053.2 
3.76 

3403.1 
6.65 

1 095. 6 
3.77 

3544.1 

6.68 

1138.7 

3.79 

.  3836.1 

6.74 

1336.7 

3.81 

Wdght 
ofKction, 
lb  per  Un  ft 

3445 

2S3.0            36X.S 

270.0 

278. 5 

287.5 

Loads  bdow  the  heavy  line  are  for  lengths  greater  than  125  radii 

y  Google 
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Tabl«  XZn.    8«fe  Loads  in  Tons  of  a  ooo  Poonds  for  Ught-Weiglit  Lslly 
Cdnmus 


Factor  of  safety  -  4 

Calculated  by  the  New  York  building  code  formula.  5  -> 

15  30O 

"^l/r 

Outside 

Length  of  column  in  feet 

diam- 
eter. 

in 

6 

7 

8 

9 

10 

II 

12 

13 

M 

IS 

16 

3 

1 
6    L     6 
9          9 

5 

34 

8 

8 

7 

4 

13         13 

la 

la 

IX 

ID 

.... 

aH 

14         14 

13 

13 

la 

II 

10 

....  1   .... 

S 

ao        30 

19 

19 

x8 

18 

17 

17 

16 

....   1   .... 

6 

as        38 

rj 

27 

26 

36 

25 

24 

23 

23    ,    22 

Table  ZZm.    Safe  Loads 


in  Tons  of  a  000  Pounds  for  Heavy- Weiflit 
Lally  Coiumns 


Factor  of  safety  -  4 

These  loads  can  be  greatly  increased  by  reinforcing  the  concrete 

Calculated  by  the  New  York  building  code  formula.  5  «  15  aoo  —  58  l/r 


Outside 

Weight 

diameter. 

per  linear 

in 

foot. 

lb 

3% 

10 

3H 

IS 

4 

30 

4H 

24 

5 

39 

S^4 

36 

6^i 

49 

7H 

64 

8H 

81 

9H 

100 

io54 

"3 

iiH 

146 

xa?< 

169 

Length  of  columns  in  feet 


-— I- 


8 

13 
16 
30 
27 
32 
4S 
58 
74 
93 
XXI 

131 

ISO 


IS 

18 

36 

31 

43 

S6 

72 

89 

X09 

xa8 

146 


10 

13 

14 

x6 

X8 

6 

10 

9 

14 

13 

II 

17 

x6 

IS 

24 

33 

21 

19 

29 

38 

36 

24 

23 

41 

40 

38 

3S 

34 

54 

52 

51 

49 

46 

69 

67 

65 

62 

60 

87 

85 

83 

79 

77 

107 

104 

lOI 

99 

96 

124 

123 

"9 

"7 

1X3    1 

144 

141 

139 

X3S 

133    1 

32 

44 

S7 
75 

93 

XII 

130 
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Safe  Loads  in  Unita  of 

I  000  Pounds  for  Plate-and-AncI* 

Columiis 

2 

si.     * !i 

^ 

Allowable  fiber-stress  per  square  inch:  13  000  pounds 

f  ^           lor  lengths  of  60  tadii  or  under 

^  1             Reduced  for  lengths  over  60  radii,  by  Formula  (13). 

t 

5 -19  000- 100 //r 
Weights  do  not  include  rivet-heads  or  other  details 

a 

Effective 
.ength. 

Web.plate6"XV4" 

Webi»late8"XH" 

8X 

Sx 

1 

1 

1 

El 

5 

iflN 

II! 

^*, 

-'s^ 

'♦X 

^X 

"x 

'♦X 

CI 

PO 

>> 

-« 

^ 

6 

69 
63 

S6 

81 

f 

94 
86 
79 

1X0 

xox           119      1 

7 

7ft 
72 

82 

76 

X03 

95 

XOI 

119 

8 

96 

XI5 

9 

49 

66 

69 

72 

87 

89 

X07 

10 

43 

60 

54 

49 

63 

S6 
50 

65 
57 

78 

70 
62 

83 

76 
70 
63 

100 

92 
85 
78 

IX 
12 
13 

38 
3S 
32 

SO 
47 

43 

45 

56 

14 

28 
as 

40 
37 

42 
39 

43 
39 

52 

48 

57 

70 

IS 

52 

63 

i6 

22 

34 

35 

36 

44 

49 

60 

17 

x8 

32 

32 

32 

40 

46 

56 

i8 

S 

^ 

28 

36 

43 

52 

19 

25 

2 

3? 

49 

1             20 

23 

22 

28 

36 

45 

1             ^' 

20 

33 

4X 

» 

30 

38 

23 

........ 

27 

34 

24 

23 

30 

25 



26 

27 



28 

29 

3D 



'   

Ana,sqin 

S.74 

6.26 

6.74 

7.24 

8.48 

7.76 

9.X2 

/i-i.m« 

34-3 

39.1 

42.6 

8X.2 

f.i 

90.1 

107 

ft-itva 

2.4S 

2.50 

2.SI 

3.3s 

3.4X 

3.43 

6.2 

10.3 

10.3 

10.3 

12.9 

x6.o 

20.2 

i'l^m 

1.04 

1.28 

1.24 

X.I9 

X.23 

1.44 

1.49 

Weight. 
tbpcrUnft.. 

19.6 

21.5 

23.x 

24.8 

29.2 

26.4 

31.2 

The  Kdt  load-values  above  the  upper  heavy  Unc  are  for  ratios  ofi/r  not  over  6o; 

those  between  the  heavy  lines  are'for  ratios  up  to  120  </r;  and  those  below  the  lower 

1  heavy  line  are  for  latios  not  over  200  l/r 

*  FfOA  Pocket  Campsnion, 


1, 19x5  Edition,  Carnegie  Steel  Compaay,  Fittabuzgh,  Pa. 
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TtUe  XnV 

•  (ContittiMd).    Safo  Loads  in  Units  of  z  000  Pomuto  for  Plata- 
snd-AngU  Colomns 

te 

2 

t      Allowable  fiber-atrass  per  square  inch:  13  000  pounds 
for  lengths  of  60  radii  or  under 
Reduced  for  lengitha  over  60  radii,  by  Formula  (13). 

S  •- 19000  — 100 //r 
WdghU  do  not  indude  rivet-heads  or  other  details 
i 

+  3';+ 51 

■» 

Effective 
length. 

Web-irfat6  8"XM«" 

Wcb^atc8"XH" 

J 

♦X 

5 

•ax 

V 

V 

5? 

^  X 

6 

7 

8 

9 
10 

II 
12 

13 

14 
IS 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

25 

[25 

142 
142 

141 

I4X 
I4X 

161 

x6i 
t6x 

168 
168 
168 

188 
188 
188 

208 

aoS 
20B 

lao 
iia 
104 

96 
89 
81 
73 

138 
130 
121 

n2 
104 

y 

77 

136 

138 

X2X 
1X3 

los 
97 
89 

81 

XS8 
149 

140 
131 
123 
1x4 
los 

97 
88 

163 
154 

US 
136 
127 
1X8 

109 
100 

90 

X85 

175 

165 
ISS 

145 
I3S 
124 

1X4 
104 

206 
X96 

X85 
174 
X63 

152 

X4I 

X30 
120 

u 

62 

58 

54 

SO 
47 

43 
39 
35 
31 

73 

68 

55 

51 
47 
42 
38 
34 

10.94 

127" 
3.40 
24  9 
LSI 

75 
71 

t^ 
63 

59 
55 
SI 
48 
44 

J 

83 
79 
74 

61 
57 
53 

48 
44 
39 

81 

77 

u 

63 

59 
54 

49 
45 
40 



12.92 

98 
U 

U 
63 

58 

""14.48 

XIO 

105 

100 

72 

67 

62    I 

56 

51 

Area,  sq  in 

9.62 

10.86 

122 

3  35 
30^ 

1.67 

12.42 

16.00 

/iM.in* 

ri-i,  in 

/^-t.in* 

^M.in 

] 

1 

no 
138 
•0.7 
.47 

141 
336 
36.3 
I  71 

143 
3.33 
37  2 
1.70 

161 

3  34 

43.5 
I  73 

178 

333 

5P.2 
1.77 

WdRht. 

lb  per  Un  ft.. 

\29 

37.3 

37.3 

42  5 

44  2 

49.4 

54.6 

The  safe  load- values  8 
heavy  line  are  for  ratio 

ibove  the  upper  heavy  line  are  for  ratios  of  l/r  nol  over  60; 
/  lines  are  for  ratios  up  to  lao  l/r;  and  those  below  the  lower 
s  not  over  200  l/r 

*  Fxom  Pocket  CoMpanioo,  19x5  Editioo.  Carnegie  Steel  Coumoy,  Pit! 
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Tibto  ZUV  (ContiaaMl).    Safe  Loada  in  Uaita  of  i  ooo  Poanda  for  Plata- 
and-Anile  Cotanuia 


J? 

V        -4     ^           1  AUowablc  fiber-stress  per  square  inch:  13  ooo  pounds  for 
f        ,  ^  1  -\             lengths  of  60  radii  or  under 

I.       i..i.JL-              Reduced  for  lengths  over  60  radii,  by  Formula  (13). 
||              r  1  "1                                                  5- 19000— 100 //r 
;  ^ :S  '  fc ^         Weighte  do  not  include  rivet-beads  or  other  details 

Ts 

plate  10"  X:^*" 

1 

Web-plate  io"XH" 

Web-plate  io"X^«" 

Web- 

Eifecttve 

"X 

% 

•*x 

i 

1^ 

5. 

•Sx 

si 

|x 

f 

;x 

-♦x 

6 

99 
9X 
8a 

74 
66 

58 

107 

xas 
las 

133 
133 

149 
149 

170 
170 

178 
178 

198 
198 
198 

207 
207 
207 
207 

207 

1           I 

107 
100 

71 
64 

« 

fin      1       T-jp 

,.« 

— 

— *• 

9 
10 

192 
181 

170 
160 
149 
138 

127 
116 

" 

203 
194 

185 
175 
166 

157 
148 
139 
130 
121 

XI2 

1          " 
13 

48 
44 

40 

36 
3a 
aS 
24 

14 

1          16 

57 
54 

SO 
47 
43 
40 
36 

33 
39 

2S 

- 

17 
IS 

1         ao 

1 

21 

57 
S3 
49 
45 

41 
37 
34 

30 

60 
55 
SI 

47 

42 

38 
34 

77 

i 

tf4 
60 
S6 
SX 
47 
43 

39 
34 

H 

7« 
71 

6a 

57 
Si 

48 
43 

73 
68 
63 
58 
53 

48 
43 

io5 

lOI 

95 
90 

84 

79 
74 
68 
63 

57 
52 

47 

23 
33 
M 
25 

36 

rr 
28 
29 

30 

107 

'Si 

93 

89 
84 

71 

Arca,sq  in 

7  74 

8.26 

9.6a 

10.  as 

11.49 

13.05 

13  67 

237 
4.17 
37.2 
I  65 

15.23 

IS.9S 

ViJn* 

Vi.  in 

'w.in< 

'»-«.  in...    . 

134 
4  16 
10  3 
f  1.5 

14S 
4  23 
i6.o 
1.39 

176 
4.28 
ao.a 
1. 45 

181 

4-20 

ao.7 
1-42 

aoi 
4. 18 
303 
1.62 

232 
4. 22 

36.3 
1.67 

267 
4.19 
43. 5 
I  69 

4^ 

70.6 
2.10 

'bperlinft  ..1     26  s' 

as  I 

3a. 9 

35.0 

39.4 

446 

46.8 

52.0 

54  4 

The  safe  load-values  above  the  upper  heavy  line  are  for  ratios  of  Ifr  not  over  60; 
those  between  the  heavy  lines  are  for  ratios  up  to  X20  l/r\  and  those  below  the  lower 
heavy  line  are  Cor  ratios  not  over  200  Ifr 

*  From  Pocket  Coapankw.  1915  £ditioD,  Carnasit  Sted  Company,  Pitt«bur^,  Pa. 

Digitized  by  VjOOQIC 


520 


Strength  of  Columns,  Posts  and  Struts 


TtUe  Znv*  (Continued).    Safe  Loads  in  Unita  of  z  ooo 
and'An|le  Colnnins 


Chap.   14 
for  : 


l« 

!  ' i 

i\    J-- 

k 

1 

Allowable  fiber-stress  per  sqtiare  inch:  13  000  pounds  for 
lengths  of  60  radii  or  under 
Reduced  for  lengths  over  60  radii,  by  Formula  (13)* 

it_ 

S -19  000- 100 //r 
Weights  do  not  include  rivet-heads  or 

other  details 

|2 

Effective 
length, 

Web-plate  io"XH" 

Web-plate  lo"XH" 

Web-ol. 
io"XH" 

if 

,1 

•ax 

:x 

k 

1 

6 

232 

236 

266 

296 

312 

341 

370 

386 

7 

232 

236 

266 

296 

312 

341 

370 

386 

8 

232 

236 

266 

296 

312 

341 

370 

386 

9 

1            " 

232 
232 

236 
236 

266 
266 

266 

296 

312 
312 

312 

341 
341 

341 

370 
370 

370 

386 

1      " 

230 

1          a 

220 

210 
200 

236 

266 
[     266 

396 

296 

312 
312 

341 
34t 

^ 

386 
386 

•» 

235 

236 

M 

257 

302 

333 

3fi3 

37ft 

.5 

190 

2X8 

248 

278 

291 

32X 

350 

365 

x6             i8o 

209 

238 

267 

260 

309 

337 

351 

\l 

19 
ao 

ISO 
MO 

201 

Z 

175 

229 

220 
210 
201 

257 

247 

31 

3? 

338 
325 

21 
23 
23 
24 
25 

26 

a? 

28 
39 

90 

130 

167 
IS8 

ISO 

141 
132 

191 
182 

\ll 

154 
144 

216 
206 

17s 
164 

225 
214 
203 

170 

250 

'i 

226 
2x4 

203 

191 

274 
261 

223 

210 

285 

?i 

245 
233 

218 

in 

103 

98 

U 
83 

126 
121 

117 
113 

109 

139 

134 
130 
I2S 

157 
152 
146 
X4X 

164 
158 
153 

147 

181 

164 

19ft 

179 

207 
200 

Area,  aq  in 

17.87 

X8.I9 

20.47 

23.75       24.00 

26.24 

28.44 

29.69 

/|-i.in* 

ri_i,  in 

/«.in* 

r»-f.  in 

Weight, 
lb  per  fin  ft.. 

3IS 

4.20 

82.3 
2. IS 

6o.8 

319 
4.19 

361 
4.20 

401 

160 
26s 

412 
4.14 

I6s 
2.62 

451 
2.66 

489 

^2^ 
2.69 

500 
4.10 

213 
3.68 

62.0       70.0 

77.6 

81.8 

894 

97.0 

101.3 

The  safe  load-valu 
those  between  the  he 
heavy  line  are  for  ra 

es  above  the  upper  heavy  line  are  for  ratios 
avy  lines  are  for  ratios  up  to  120  l/r;  and  tho« 
tios  not  over  aoo  l/r 

of //r  not  over  60; 
B  below  the  lower 

?  From  Pocket  Compdafon,  19x5  Editkm,  Carmgie  Sted  Companyi  PitUbutgh,  Pa. 
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TsUfe  Z1IT< 


(Cootimied).    Safe  Loadi  in  Units  of  x  ooo  Pounds  for  Plato- 
ond-Anclo  Columns 


I 

ds  for 
). 

1 

T              1    „   J 

V 

Allowable  fiber-stress  oer  square  inch,  13  000  pout 
lengths  of  60  radii  or  under 
Reduced  for  lengths  over  60  radii,  by  Formula  (13 

5  «  X9  000  -  xoo  l/f 

Weights  do  not  include  rivet-heads  or  other  details 

\Ji 

Is 

Web-plate 
12"X>4" 

Web-plate 
12"XM«" 

Web-plate  i2"XH" 

Effectiw 
teusth. 

5 
-X 

5. 

% 

■fX 

*x 

> 

~IS7  ~ 
l?7 

.78 
.78 

1 

1 

-♦x 

i 

*x 

"~242~~ 
242 
242 
242 
242 

5 

« 

-*x 

~266 
266 
266 
266 
266 

6 

"4 

13a      1      148 

187        217 

7 

112 
XO4 

t 

ftl 
73 

132    f 

148 

X87 
187 

217 
217 
217 
217 

8 

123 

80 
7a 

148 

157 

9 
lo 

140 
131 

147 
138 

IS9 

139. 

"9 
109 

99 

{?? 

II 
u 

U 

114 

106 

97 
89 

80 

139 
120 

III 

lOI 

92 

156 
145 
134 

210 
201 

191 

237 
226 

215 
20s 
194 
184 

Ig 

152 

14X 
130 

264 

252 
241 
229 
218 

206 

X 

172 

i6i 

U 

S9 

X24     '     iSi 
113    '     171 

15         '      55 

*7 

x6         i      52    j      €i3 

84 
79 
75 
70 
6S 

61 
S6 

52 
47 
42 

38 





102 

162 

17          '      4«    '      58 
l«                44     !       54 
19          ,      40     ,       50 
»         ,      J5    ,       45 

76 
71 

(n 
63 

% 

42 
38 

... 

I 

57 
52 

47 
42 



9« 

I 

75 

58 
53 

48 

152 
142 

I3i 

123 

n        i     32          41 

115 

no 

105 

100 

95 

91 
86 
81 
76 
71 

149 

22        ^     28 

1  ;;;;;; 

37 
33 



125 
120 
114 
XO9 

104 
98 

82 

141 
X3S 
129 
123 

1X8 
1x2 
106 

lot 
95 

A.-a.sqin  J    8.7« 

10.12  1 

11.36  1  x2.11 
29s       304 

S.09       S.oi 
296       30.3 
I.61        1.58 

13.67  j  14  42  \  16.70 

18.62 

20.50 

/H.in*...-       »2 

'M^io 5-04 

/H.in' 16.0 

'H,ia 1-35 

264  i 

5. IX  ; 
20.2  , 
1.4X   , 

S.06 
363 
1.63 

359  ,       421 
4  99  1     5.02 
37-3  '     70.6 

I. 61  ;   2.06 

476 

Id 

2.10 

526  1 
2.15 

?!)?e?fc..    J 

«.J 

I             .  1 
34.6     1     39  0  1  41.6 

46.8 

49.3  1  56.9 

63.3 

69.7 

Tbe  safe  !r*d-v3dues  alx>ve  the  upper  heavy  line  are  for  ratios  of  l/r  not  0 
tliase  between  the  heavy  Uncs  are  for  ratios  up  to  120  l/r\  and  those  bel« 
ijw  hery  Une  arc  for  ratio*  not  over  200  Ifr 

vcr6o; 
wthc 

•RttnPochei 

Comp 

anion. 

igisEd 

iition.a 

imegieS 

Steel  Co 

Die 

mpany. 

itized  by  V 

Pittebv 

Jgh.Pa. 
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Tafalt  XZIV  *  (Contfaued).    Safe  Loads  ia  Uaiti  of  i  aoo  Pouada  for  Plate- 
uid-A&glo  Colwiniia 


12 

h:  13  000  pounds  for 
y  Formula  (13)* 

O 

V 

Allowable  fiber-stress  par  square  inc 
lengths  of  60  radii  or  under 
Reduced  tor  lengths  over  60  radii,  b 

€ 

5-19000-iobl/r 

¥   I ^ 

t. 

Weights  do  not  include  rivet-heads 

or  other  details 

2 

Eflfective 

Web-plate 
i2"XH" 

Wob-plate  i2"XH'' 

Web-plate 

12"XH" 

I3"X>«" 

It 

-rX 

it 

^x 

i 

% 

5 

15 

6 

276 

305  ,  32s 

354 

383 

411 

439 

458 

478 

7 

276 

30s    32s 

354 

383 

411 

439 

458 

478 

8 

276 

30s    32s 

354 

383 

411 

439 

458 

478 

9 

zo 

^ 

30s    32s 
30s    32s 

354 

354 

383 

411 
411 

439 
439 

458 
4S8 

478 
478 

II 

12 

13 
14 

t 

30s 
305 

305] 

325 

3«S 

354 
354 
354 

383 
383 
383 

411 

4" 
411 

439 
439 
439 

458 
458 
458 

478 
478 
478 

274 

264 

323 
312 

295 

34^ 

373 

403 

433 

451 

4fe 

IS 

254 

284 

300 

330 

359 

389 

418 

43S 

452 

i6 

244 

374 

388 

317 

346 

37S 

403 

419 

436 

17 
l8 
19 

20 

234 
224 

214 

204 

2fi3 

252 

241 
230 

26s 
253 
342 

30s 
393 
280 
267 

333 

SI 

293 

361 
347 

388 
373 
358 
344 

372 
357 

420 

370 

21 

Z94 

220 

330 

2E55 

279 

3C4 

329 

341 

3S4 

22 

24 
25 

26 
27 
28 

184 

ISS 

176 

in 

342 

230 
217 
204 

192 

366 

25.) 

213 

848 
234 

3X4 
299 
2B4 
269 

254 
239 

32s 

310 

363 

247 

338 
321 
30s 
388 

272 

147 
142 
137 

127 

166 

173 
X67 
163 
1.S6 
ISO 

154 
149 
143 

ifts 

179 
173 
166 

203 

196 

'!^ 
18,1 

330 

213 
206 
199 

256 
248 
340 
333 

230 
223 
215 

239 
231 
223 

Area,  sq  in 

31.32 

23. 50 

3S.C» 

623 

499 

i6s 

2  57 

27.24 

5  01 

186 

2.61 

29.44 
~74l 
^2^ 

265 

31.60 
794 

5. 01 
328 
269 

33.76 

849 
5.01 

249 
3.72 

XI4.8 

35.26 

36.76 

A-i.  in« 

n-i.  in 

r*-!,  in 

544 
S.06 

139 
3.56 

603 

160 
2.61 

.1? 

257 
3.70 

885 

2.69 

Weight, 
lb  per  Un  ft..      72.5 

80.1  1  85.2  1  92.8 

100.4  I107.6 

119.9 

135.0 

The  safe  load-valu 
thoae  between  the  he 
heavy  line  are  for  ra 

K  above  the  upper  heavy  line  are  for  rat 
a  vy  lines  arc  for  ratios  up  to  120  l/r ;  and  t 
tios  not  over  200  l/r 

OS  of  />  no 

hose  below 

t  over  60: 
the  lower 

*  Prom  Pocket  Companion,  1915  Bdition.  Carnegie  Steel  Company,  PiUtlinrgb.  Pa. 
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»  PooiuU  fdr  PUte- 


^€o^J2^  ^b^-etnsa  per  s 
^wZ??'^ii  or  under 

p  ,  .S  »  19  000  —  ioo//r 

'"^^s  do  not  Inclucie  rivet-heads  or  othcir  details 


i^ns  rt/id  "•^'-w«'«3»  per  BQuare  inch:  13  000  pounds  for 
!tfnpr-«?«<//j  t>r  tinder 
^^forJeagths  over  60  radii,  by  Fonnula  (13). 

^^  s«  zoooo  —  lool/r 


100 -a 


\fi^ 


^      _..««M>  Keavy  Une  are  for  ratioi  of  l/r  not  over  60; 

lVxsvc  V.Vv<s  ''IJl^^SIas  up  to  lao  l/r;  and  those  below  the  lower 


kl/r 
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Chap. 


Tabte  XXIV  *  (Contumed).    Safe  Loads  in  Units  of  i  ooo  Pounds  for  PUte 
and-Ancle  Cotomas 


.  ^ 

f '^ 

i^ 

'^ 

Allowable  fiber-stress  per  square  inch:  13  000  pounds  f<» 
lengths  of  60  radii  or  under 
Reduced  for  lengths  over  60  radii,  by  Formula  (13). 

■§;       A 

V 

5-  19000—  ioo//r 

^r^ 

iK 

Weights  do  not  include  rivet-heads  or  other  details 

^-9— 

l^ 

Web-plate  I2"XJ/' 

Web-plate  I2"X)«" 

Effective 

rrX«^r 

NO 

5b               « 

II 
12 
13 
14 
15 

S82 

582 
582 
S82 
582 

610 
610 
610 
610 
610 

630     1     67s 
630     1     675 
630          675 
630     1     67s 
630     1     675 

721 
721 
721 
721 
721 

76^) 
766 
7^ 

16 

17 
18 
19 

20 

582 

610 

630     !     67s 

721 

766 

569 
553 
536 

520 

596 
579 
562 
544 

«I3 

576 

558 

«3 
644 
62s 
6c6 

714 
694 
674 
654 

7^1 

712 

721 
700 

21 
22 

23 
24 
2S 

5? 

470 
454 
437 

527 
509 
492 
475 
457 

468 

548 
529 
510 

634 
614 
594 
574 
554 

679 
65H 
6;7 
6i6 
S9S 

26 
27 
28 
29 
30 

421 

404 
388 
371 
354 

440 
422 
40s 
388 
370 

450 
431 

413 
395 
377 

491 
472 
453 
434 
415 

534 
514 

494        1 

474 

454 

574 
SSI 
5U 
511 
49c 

31 

338 

353 

359 

396 

434                 469 

32 
33 

34 

^s 

Area,  sq  in 

321 

336 

341 

377 

4x4 

394 

448 

309 

301 
293      1 

44.74 

323        1        331        1        361 
315                322        1        351 
306                313                342 

46.94      j      48.44      '      51-94 

427 

3A1 

371         1 

409 
.199 

5544 

S8  91 

/i-i.  »n« 

ri-t.  in 

/»-,.in«..,. 
''i-i.  in 

1437 
5. 67 
472 
3.25     , 

1495              1S13             1682 

5.64      1        5.59              5. 69 

492                499                556 

3.24               321               3.27 

1856 

579 

613 

3  33 

2  0S7 
S  88 

3  37 

Weight, 
lb  per  iin  ft.. 

152.3 

1 
1599    ,       165.0             176.9      1       188.8 

200.7 

The  safe  loa 
those  betweer 
heavy  line  an 

d-values  a 
I  the  heavy 
e  for  ratios 

bove  the  upper  heavy  line  are  for  ratios  of  l/r  not  over  ir 
lines  are  for  ratios  up  to  120  i/r;  and  those  below  the  lowi  r 
not  over  200  l/r 
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Tibfo  XZIV*  (Condnnml).    Safe  Loads  in  Units  of  %  ooo  Pounds  for  Plato- 
and-Ande  Cotumns 


.  /K     1*  ^  . 

Allowable  fiber-stress  per  square  i 

engths  of  60  radii  or  under 

Reduced  for  lengths  over  60  radii. 

5  —  19000—100 

Weights  do  not  include  rivct-head 

Qch:  13  000  pounds  far 

by  Formula  (13), 

t/r 

Is  or  other  details 

Y 

.Y 

■ 

Web-plate  I2"XH" 

Effective 

•sill 

zi 

Z2 

13 
14 
15 

i6 
17 

8xa 

8X2 
8l2 

8ia 

8X3 

8X2 
8X2 

857 
857 

857 

903 
903 
903 
903 
903 

903 
903 

948 

948 
948 

994 
994 
994 
994 
994 

994 

994 

1039 
1039 

I  039 

X039 

1039 

X039 
1039 

l8 

19 
ao 

21 
22 
23 
24 
as 

26 
27 
2B 

1       ^ 

i            31 
33 
33 
34 

T9I 
769 
747 

72S 

6iS 
593 
571 
549 
527 

SOS 
483 

461 

ft40 
817 
794 

771 
748 
725 

54a 

473 

5^ 
840 

817 

745 
721 

697 
673 
649 
625 
601 

577 

553 
529 
505 

937 

86a 

812 

787 
762 

738 
713 
688 
663 
638 

613 
588 
563 
538 

513 

9M 
960 
934 

8s6 
830 
805 

779 
753 
727 

649 
623 
597 
571 
545 

1034 

I  007 

980 

873 
845 

8x8 

??: 

737 

710 

684 

657 

S? 
603 

576 

35 

427 

456 

484 

Area,  aq  in 

62.44 

6594 

69.44 
2618 

6.14 
842 

3.48 

72.94 

76.44 

79-94 

I^uin* 

r^-i- m 

v..  in* 

^«-«.in 

2  224 

5.97 

728 

3  41 

2418 

6.06 

785 

3.45 

282s 
6.22 
899 
3. SI 

3038 

6.30 

956 

3.54 

X0X4 

3.56 

Weight, 
lb  per  lin  ft.. 

212.6 

224.5 

236.4 

248.3 

260.2 

272.x 

The  safe  load-values  i 

1  those  between  the  heavj 

heavy  line  are  for  ratios 

ibove  the  upper  heavy  line  are  for  r 
r  lines  are  for  ratios  up  to  120  l/r;  an< 
not  over  200  l/r 

atios  of  f/r  not  over  60; 
1  those  below  the  lower 

*  From  PodMt  Companion,  19x5  Edition,  Caniegie  Steei  Compsny,  Pittsbuxsh,  Pa. 

yGoogle 


526 


Strength  of  Columns,  Posts  an4  Struts 


Chap.   1^ 


Ttbl«  ZZIV 

*  (CmitiiitM4),    Safe  Loftdi  in  Units  of   i  000  Ponnda  for  Plate- 
•nd'Anda  Coltmuu 

.    ^      \^    r^    . 

Allowable  fiber-atreM  per  square  inch: 
engths  of  60  radii  or  under 
Reduced  for  lengths  over  60  radii,  by  F 

5 -19000- 100 //r 
Weights  do  not  include  rivet-heads  or  ( 

X3  000  pounds  for 
ormula  (13). 

>ther  detafls 

T 

I  "^ 

Effective 

Web-pUte  i^'XH" 

Web-platc  14" 

XH" 

i5xS^ 

^h^ 

hK 
'^^- 

II 

xa 
13 

14 
15 

16 
17 
18 

19 
ao 

21 

aa 
23 
24 

2S 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

I  085 
108s 
1085 
1085 
1085 

108S 
I  08s 

I  130 

1  130 
I  130 
X  130 
1130 

X  130 
1x30 
H30 

392 

392 
392 
392 
392 

422 
42a 
422 
422 
422 

452 
452 
452 
452 
452 

474 
474 
474 
474 
474 

497 
497 
497 
497 
497 

387 
375 
363 
352 

340 

328 

317 
305 

3? 

270 

246 
235 

233 

311 

41S 
403 
390 
377 
365 

352 

340 
327 
314 
302 

S 

264 

251 
239 

444 
43X 

417 
404 
390 

'Ws 

350 
336 
323 

% 

255 

470 
4S6 
442 

426 
415 

401 
387 
373 
359 
345 

331 
317 

289 

275 

26X 

497 
482 

468 
453 
439 

425 

367 

353 
338 
324 

309       I 
295 

281 

1 

1082 

1054 
1026 

998 
970 
942 

t^ 

IS 

802 

7.i 

718 

g; 
634 
606 

I  lOI 
X072 

X043 
1 014 

927 

840 
811 
782 

753 

638 

86.94 

3721" 
6.54 
1 128 
3.60 

227 
230 
214 
208 

201 

243 
236 
329 
223 

216 

20s 
200 
194 
188 

30.19 
1261 

6  46 

291 

102.8 

251 
244 

237 
230 

t 

253 
245 

Area,  eq  in 

83.44 

32.47 

~  351  ~ 

645 

311 

__3  99_  . 

XI0.8 

34.75 

"1436" 
6.43 
331 

3  09_ 

118. 4 

36.50 
"1539 

3  14 

38.25     , 
1643 

319     ; 

/,-,.in* 

►•i-i.  in 

/»-..in* 

tm.  m 

Weight, 
lb  per  lin  ft.. 

3486 

0.46 
1071 
3.58 

384.0 

295.9 

124.3 

130.3 

The  safe  \a 
those  bet  wee 

heavy  line  ar 

ad-valuc6  8 
n  heavy  U 
c  for  ratios 

ibove  the  i 
nes  are  for 
not  over  2 

ipper  hea\ 
ratios  up 
•oo/'r. 

'^y  line  are 
to  120  t/r 

for  ratios 
and  thoi 

of  l/r  not  over  60; 
>€  below  the  lower 
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TftUe  XZnr*  (Condnned).    Safe  Loads  in  Units  of  z  ooo  Pounds  for  Plato- 
snd^Anslo  C^>liiniPf 


X    a  k 

100  pounds  for 
nula  (X3), 

T-'r^ — 

Ly          Allowable  fiber^tross  per  square  inch:  13  c 
y           lengths  of  60  radii  or  under 
.  ..^            Reduced  for  lengths  over  60  radii,  by  Port 

-^i^  ^ 

5=  19000—  ioo//r 
freights  do  not  ixuJude  rivet-heads  or  otW  details 

'  Y    It  ^ 

Effective 

Web-plate  X4"XH" 

Web-plate  I4"X^" 

#5^ 

«b 

lx|| 
623 

623 
623 
623 
623 

IX 
X2 
13 
14 
IS 

520 

520 
S20 

Sao 
sao 

543 
543 
543 
543 
543 

566 
S66 
566 
566 
566 

595 
595 
595 
595 
595 

16 

17 

5ao 

543 

566 

595 

623 

S07 

533 

SSI 

578 

605 

i8 
19 

30 

493 

478 
463 

517 
4»7 

502 

56X 
544 
527 

569 
55X 

21 
22 

as 

25 

448 

47a 
456 

426 
410 

^486 

"470 

454 

437 

421 

510 

f4 

459 
442 

533 

515 
497 

:2? 

26 
27 
28 
39 

1     ^ 

374 
359 
344 
329 
314 

i 

349 
334 

405 
389 
373 
356 
340 

424 
407 
390 

IS 

443 
425 
407 
390 
372 

1        ^ 

299 

318 

324 

339 

354 

I            31 

284 

303 

308 

322 

336 

J3 

275 

290 

^ 

312 

327 

34 

267 

282 

290 

304 

3x8 

35 

260 

27s 

2B2 

295 

309 

Aran,sq  in 

40.00 

4X75 

43.50 

45.74 

47.94 

/w.in« 

i»U.in* 

^»-*»n 

V8 

417 
3.23 

I8S7 

6.67 

446 

3.27 

ASl 
3.22 

n 

472 
3.21 

aos3 

6.54 

492 

3. 20 

Weisht. 
lb  per  tin  ft.. 

136.2 

X42.2 

X48.I 

15s.  7 

163.3 

The  safe  load^values  above  the  upper  heavy  line  are  for  ratios  of  1/ 
thoae  between  the  heavy  lines  are  for  ratios  up  to  120 //r;  and  th< 
lower  heavy  line  are  for  ratios  not  over  200  l/r 

r  not  over  60; 
we  below  the 
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Tabl«  XnV*  (Continued).    Safe  Loadi  in  Units  of  i  ooo  Poonds  for  Plate- 
and-Ansle  Columns 


,  A    i«  A  . 

undsfor 
13). 

ails 

Allowable  fiber-stress  per  square  inch:  13  000  po 
engths  of  60  radii  or  under 
Reduced  for  lengths  over  60  radii,  by  Formula  { 

5«  19000—  ioo//r 
Weights  do  not  include  rivet-heads  or  other  det 

■  Y    i«  ^  ' 

Web-pUte  i«"XM" 

Effective 

length, 

ft 

tb      "^ 

#15 

II 

12 
13 
14 
15 

646 
646 
646 
646 
646 

5?' 
691 

691 
691 

691 

737 
737 
737 
737 

737 

737 

782 

z? 

782 
782 

782 

828 
828 
828 
828 
828 

828 

873 

873 

S" 
873 

873 
1   873 

919 
919 
919 
919 
919 

919 
919 

i6 

643 
624 
606 

% 

549 
530 
5" 
493 

474 

417 
361 

17 

675 
6SS 

615 

576 
556 
536 
517 

497 
477 
457 
438 
418 

398 
378 

726 

705 
684 
664 

.643 
622 
602 

% 

540 
S19 
498 
477 
457 

436 
415 

776 
754 
733 
711 

646 

£5 
603 

581 
560 
5^ 
516 
495 

473 

452 

^430 

ft2^ 

803 
780 
758 

735 
713 

64s 

622 

600 
577 
554 
532 

509 
487 

i8 
19 

20 

31 
22 
23 

24 
25 

a6 

27 
28 

29 

30 

31 

852 
829 
80s 

782 
758 
734 

664 
640 
617 

546 
522 

851 

827 
802 
778 

753 
728 

704 
679 
655 
630 
60s 

581 
SS6 
S32 

S07 

32 

345 
336 
326 
317 

33 

365 
356 
346 

396 
385 
375 

464 

499 

34 

41s 
404 

444 
432 

475 

35 

461 

489 

Area,  sq  in 

49.69 

2081" 

6.47 

499 

3  17 

53.19 

56.69 

2  529 
6.68 

613 

3  29 

60.19 

63.69 

67.19 

70.69 

/i-i.  in* 

ri-i,  in 

/.-».  in* 

rj-j.  in 

2302 

6.58 

5S6 

3  23 

2!764 
6.78 
671 
3.34 

3006 

6.87 

728 

338 

3.42 

3512 

842 
345 

Weicht. 
lb  per  Tin  ft.. 

169.3 

181. 2 

193.1     1     205.0 

216.9 

228.8 

240.7 

The  safe  load-values 
those  between  the  hca 
lower  heavy  line  are  fo 

above  the  upper  heavy  line  are  for  ratios  of  l/r  not 
vy  lines  are  for  ratios  up  to  120  l/r;  and  those  b 
r  ratios  not  over  200  l/r 

over  60; 
elow  the 

From  Podiet  Compsoioo,  1915  Edition,  Carnegie  Steel  Company,  Pittsburgh.  Pa. 
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TftUa  XZIir*  (Contiiitted).    Stfe  Lewis  in  Units  of  i  ooo  Pouads  for  Plato- 
•nd-Anglo  Cotmniis 


;  '    .A     «  -?s  . 

Allowable 

bngths  of  60 

Reduced  f 

Weights  d 

nch:  13000 

by  Pormul 

l/r 

Is  or  other  c 

fiber-stress  per  square  i 
radii  or  under 
or  lengths  over  60  radii, 
5-  19000—  100 
0  not  include  rivet-heac 

pounds  for 
a  (13). 

letails 

I      "  Y    is  V  ■ 

1 
1 

Web-pUtc  i4,"XH" 

Effective 
length. 

0    " 

Svix 

11 

la 

13 
14 
15 

i6 

1            " 

1  010 

I  010 
1  010 
I  010 
I  010 

XOIO 

I  010 

loss 

loss 
loss 
loss 
1055 

1055 
loss 

1  lOI 
X  lOI 
X  lOI 
I  lOI 
I  lOI 

I  lOI 
X  lOI 

1.46 

1 146 

XI46 

X  146 

1x46 

I  146 

1 146 

XX98 
I  198 
1198 
X198 
1198 

XX98 
I  198 

'           18 
19 

90 

949 
924 
898 

872 
847 

831 

796 
770 

744 

64a 

617 

% 

540 

99ft 

971 

945 

918 

S^ 

8I3 

786 

759 

600 
573 
546 

1046 
I  018 

991 

963 
935 

853 

825 
797 
770 
74a 
715 

687 
659   . 

S? 
604 

1067 

1038 

X  010 

981 

953 

924 
895 

867 
838 

810 

781 

753 

1 144 
1 114 
1084 

loss 
937 

«?? 

848 
818 
789 

759 
730 

2?? 

64X 

I  198 
1198 
X198 

21 
22 

23 

as 

a6 
a? 

aS 
29 

3» 

31 
32 
33 
34 

1  174 
I  146 
I  119 
I  091 
1064 

1036 

I  009 

981 

^^ 
936 

S^ 
871 

843 
816 

35 

517 

577       1          610 

788 

1  Area.,  sq  in 

74.19 

7769 

81.19 

84.69 

461S 
7.38 
1 071 
356 

88.19 

92.19 

/i-i.  in* 

'*-».«• 

fi-^vn 

3776 
7.13 

4048 

7.23 

956 

351 

•4327 
7.30 
1 014 
3  53 

4910 
7.46 

1138 

358 

5  120 

7. 45 
1493 

4.02 

Weight. 
!b  per  Hn  ft.. 

353.6 

264.5 

276.4 

388.3 

300.3 

313.8 

The  safe  load-valties  i 
tfaott  between  the  hea\ 
lower  heavy  line  are  for 

ibovetbeui 
ry  lines  are 
ratios  not  0 

)per  heavy  line  are  for  r 
for  ratios  up  to  lao  l/r 
ver  200  l/r 

atio6of//rfl 
and  those 

ot  over  60; 
below  the 

'  Fmn  Podtet  Compsninn, 
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Table  Xnv*  (Continued).    Safe  Loads  in  Unita  of  x  ooo  Pounds  for  Plate- 
and-Angle  ColuBins 


Allowable  fiber-stress  per  square  inch:  13  000  pounds  for 
lezigtha  of  60  radii  or  under 
.1  Reduced  for  lengths  over  60  radii,  by  Formula  (13). 

IJ         ,-^|  S- 19000 -ioo//r 

f       ^N  T  .  K /}>^        Weights  do  not  include  rivet-heads  or  other  details 


Web-plate  I4"XH" 

Effective 
length. 

# 
11% 

II 

laso 

I3IS 

1367 

1419 

X47I 

1533 

la 

I  250 

1315 

1367 

I  419 

X47I 

1523 

13 

1250 

13IS 

1367 

X419 

1471 

I  523 

14 

1250 

13IS 

1367 

X4J9 

1471 

1523 

IS 

I  250 

I  135 

1367 

I  419 

X47I 

1523 

16 

I  250 

I  31s 

1367 

I  4x9 

X47I 

XS23 

17 

laso 

I  31s 

1367 

X4I9 

I47X 

1523 

18 

I  250 

X3IS 

1367 

1419 

I  471 

X523 

19 

1250 

I  250 

I  315 

1367 

I  419 
I  419 

I  471 
1471 

I  523 

ao 

1308 

1277 

1364 
1333 

1523 

21 

1229 

1388 

X443 

1497 

aa 

I  201 

I  246 

I  301 

1356 

X409 

X  463 

23 

I  172 

I  216 

1269 

1323 

1375 

I42« 

34 

I  144 

1185 

1237 

I  290 

1342 

I  393 

25 

HIS 

I  154 

1206 

1258 

1308 

1359 

36 

1087 

I  123 

I  174 

1235 

1274 

1324 

27 

t  058 

1093 
1062 

I  142 

X  192 

X  241 

1389 

28 

1  030 

I  III 

I  160 

X  207 

I  254 

29 

I  001 

1031 

1079 

I  127 

X  173 

I  22© 

30 

973 

I  000 

1047 

1094 

1139 

XI85 

31 

944 

970 

.      xoiS 

1063 

X  X06 

X  150 

32 

916 

939 

984 

ioi9 

X072 

I  lis 

33 

887 

908 

952 

996 

I  038 

I  081 

34 

859 

877 

920 

964 

X005 

1046 

35 

830 
96.19 

847 

889 

93X 
109x9 

971 

I  on 

Area.sq  in 

101.19 

10S.19 

1X3. 19 

117 19 

/i-i.  in* 

S4S7 

5484 

5  8  JO 

6187 

6552 

6928 

ri-i»in 

7  S3 

7.36 

7.44 

7  5.? 

7  61 

7.69 

/«.in* 

XS79 

1581 

1666 

1752 

1837 

1922 

r»-t.  m 

4  OS 

39s 

3.98 

4  01 

4.03 

4.0s 

Weight, 
lb  per  Un  ft. . 

327.4 

344.2 

3S7.8 

371.4 

38S.0 

398.6 

The  safe  load* values  above  the  heavy  line  are  for  ratios  o(  l/r  not  over  60;  and 
those  below  the  heavy  line  are  for  ratios  not  over  120  l/r 
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Iklle  XXIV*  (CootiBtted).    Safe  LomIb  bi  Uaits  of  i  ooo  Pottntfa  for  Plate- 
and-Ande  Oiliimna 


■     ^A      !«    A 

pounds  for 

la  (13). 

detaUs 

1^ 

Allowable  fiber^tross  per  square  in6h:  13  000 
lengths  of  60  radii  or  under 

Reduced  for  lengths  over  60  radii,  by  Formu 

5  «  19000— 100 //r 
Weights  do  not  indude  rivet-heads  or  other 

'Y 

F^ 

Twowebi)latesi4"X^i"                                      ' 

BfTectivc 

V    5 

90 

0» 

00 

II 
i> 

13 

15 

i6 

17 
i8 
19 

1592 
1S92 
1S92 
1592 
1S92 

IS92 
1592 
1592 
1592 

1657 

1657 
1657 
1657 
1657 

l6s7 
1657 
I6S7 
1657 
1657 

1728 

1728 
1728 
1728 
1738 

1728 
1728 
1728 
1728 
1738 

1728 
1728 

•  1787 

1787 
1787 
1787 
1787 

1787 
1787 
1787 
1787 
1787 

1787 
1787 
1787 

1845 
1845 
1845 
1845 
184s 

184s 
1845 
184s 
1845 
1845 

1845 
184s 
1845 

1904 
1904 
1904 
1904 
1904 

1904 
1904 
1904 
1904 
1904 

1904 
1904 
1904 

20 

1590 

1553 
IS16 
1479 
1443 
1406 

1369 
1332 

\n 

1  122 

\\% 

I  III 
1074 
IQ38 

21 
22 

23 

I  616 
iSto 

1543 
IS07 

1470 
1434 

;% 

1324 

ia87 
I  251 

I  314 

1177 
1141 

24 

25 

36 

27 

as 

29 

30 
31 

33 

33 
Zi 
35 

1626 
1592 
1557 

1523 

1488 

1453 
1 419 
1384 
1349 

.3.S 

1756 
1721 

168S 
1650 
1614 
1578 
1  543 

1507 

1436 
1400 
1365 

I  Sift 
I  781 

1 671 
163s 
1598 

1561 

I  525 
1488 
1451 
I  415 

1879 
1842 

1766 
1729 
1691 
1653 

I  616 
1578 
1541 
1503 
146s 

>  Ana,  sq  in 

IM.44 

127.44 

132.94 

137.44 

141.94 

146.44 

/i-i.ia«..... 

''i-i.ra 

VfiJ* 

'■j-s.in 

7014 

7.57 
1946 
3.99 

7254 
7.54 

7SS9 
7.54 

'X 

8415 

7.70 

^  per  link. 

4I«.4 

433.6 

453.3 

4^.6 

483.9 

49«.» 

Safe  load-values  aboi 
[  bdow  heavy  line  are  foi 

re  the  heavy  line  are  for  ratios  of  i/r  not  ovei 
•  ratios  not  over  lao  l/r 

■  60;  those 
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Table  ZZIV*  (CoatiAtted).    Safe  Loads  in  Units  of  z  ooo  Pounds  for  Plate - 
and-An<le  Cdtnmns 


*   '  y  A   '  £^T  Allowable  fiber-etress  per  square  inch:  13  000  pounds  for 

^!  "Si  I  r  lengths  of  60  radii  or  under 

"*" }         1 L  -  -1  Reduced  for  lengths  over  60  radii,  by  Formula  (13), 

gl  rf  I  "k  5 «  19000 -100 //r 

•^5  ^  /Jni   .  r  A  ^  Weights  do  not  include  rivet-heads  or  other  details 


T" 


Two  web-plates  I4"XH" 

EflFcctive 
length. 

§^-|x 

It 

ill? 

00 

so 

00 

II 

1949 

2027   • 

2092 

2  157 

2222 

2287 

12 

1949 

•    2027 

2092 

2IS7 

2222 

2287 

13 

1949 

2027 

2092 

2  157 

2222 

2287 

14 

1949 

2027 

2092 

2  157 

2  222 

2287 

IS 

1949 

2027 

2092 

2  157 

2  222 

2287 

16 

1949 

2027 

2092 

2  157 

2222 

2287 

17 

X949 

2027 

2092 

2  157 

2  222 

2  287 

18 

1949 

2027 

2092 

2  157 

2  222 

2287 

19 

1949 

2027 

2092 

2157 

2  222 

2287 

20 

X949 

2027 

2  092 

2157 

2  222 

2287 

21 

1949 

2  027 

2092 

2  157 

2  222 

2287 

22 

•1949 

2027 

2092 

2x57 

2  222 

2287 

23 

1949 

2027 
2027 

2092 
2092 

2x57 
2  157 

2  222 
2222 

2287 

24 

191ft 

2287 

2S 

1879 
I  841 

2027 

2092 

2157 

2  222 

2267 

26 

2009 

2077 

2146 

2214 

2283 

27 

1802 

1972 

2039 

2  107 

2  175 

2  242 

28 

I7«3 

2002 

2068 

2135 

2202 

29 

1724 

I  899 

1964 

2029 

209s 

2  161 

30 

1686 

1862 

I  926 

X991 

20S5 

2  X20 

31 

1647 

182s 

X889 

X9S2 

2016 

20T9 

32 

1608 

1789 

I  851 

1913 

1976 

2039 

33 

1569 

I  752 

I  813 

1874 

1936 

X998 

34 

IS30 

171s 

I  775 

1836 

1896 

X957 

35 

1492 

1679 

1738 

1797 

1857 

I  916 

Area,  sq  in 

149.94 

ISS.94 

160.94 

X6S.94 

170.94 

17594 

/i-i.in* 

8916 

9248 

9741 

10248 

10767 

1X298 

n-i,  in 

7.71 

7.70 

7.78 

7.86 

7.94 

8.01 

/s-t.  in* 

3  222 

4049 

4216 

4383 

^,*JI 

4716 

rf-t.in 

4.64 

5.10 

S.12 

5. 14 

S.X8 

Weight, 
lb  per  lin  ft.. 

510. 1 

530.5 

547.5 

564.5 

5<I.S 

S9».5 

Safe  load-values  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  thosr 
below  the  heavy  line  are  for  ratios  not  over  120  l/r 

*  From  Pocket  Companion,  1915  Edftion.  Carnegie  Steel  Company.  Pittsborgfa,  Fa. 

Digitized  by  VjOOQIC 


Tables  of  Safe  Loads  for  Steel  Columns 


533 


table  ZXV.« 


Sale  Loads  in  Units  of  x  ooo  Pounds  for  lo-Inch  Chsmiel- 
Colnmns 


> 


=  i-.^!] 1 


Alloiwable  fiber-stress  per  square  inch:  13  000  pounds  for 
lengths  of  60  radii  or  under 
Reduced  for  lengths  over  60  radii,  by  Formula  (13), 

5  — 19000— 100 //r 
Weights  do  not  include  rivet-heads  or  other  details 


S^ 


ErTcctivc 

Lajcth. 
ft 


IX 

12 
13 
U 
IS 

x6 
17 
18 
19 


n 

23 
^ 

as 

a6 
TT 
aft 
39 

3D 

31 
32 

33 
34 
35 


Two  lo-in  channels 
latticed 


•S8 


116 
X16 
X16 
116 
X16 

1x6 

1x6 
116 


lis 
xia 

IS 

X03 

xoo 

96 

95 
93 


83 

80 
77 
75 
73 
69 


153 
XS3 
153 
ISA 
X53 

153 
TS3 


153 
X48 
144 

140 
136 
133 
128 

134 

120 
XI6 
XI3 
XO8 
104 

XOO 

96 
92 

88 

84 


Two  xo-in  channels,  two  12-tn  plates 


•s8 

caji        , 

jog"       £'a 


191 
X9X 
I9X 
191 
191 

191 
191 

i8t 
X76 

X7I 
165 
160 
155 
150 

145 
140 
X34 

X29 

124 

119 
XI4 
X09 
103 


213 
213 
213 

313 

213 
2x3 

3X3 

213 
303 

197 
193 

x86 
x8i 
175 

170 
164 
159 
153 
X48 

143 
137 
X3I 
126 


|8 

ll 

^ 

1- 

1^ 

•S.S 

1-^ 

5nA 

i^ 

1^ 

2.13 

252 

273 

2«9 

233 

253 

272 

289 

233 

353 

272 

289 

233 

252 

272 

289 

233 

252 

373 

289 

333 

353 

273 

389 

333 

353 

273 

389 

it 


333 

337 
221 

315 

209 

303 

197 
191 

I8S 
179 
173 
x67 
x6i 

155 
149 
143 
137 
131 


252 

245 
239 

232 

326 
3x9 
313 

206 

300 

x8o 
X74 

167 
161 
154 
X48 
141 


371 
264 
257 

250 
243 
236 
229 
222 

215 
208 
20X 
194 
X87 

x8o 
173 
166 

159 
152 


■35r 

378 

271 

363 

256 
348 
340 
333 

335' 

317 
210 
202 
195 

X87 
179 
172 

X64 

157 


309 
309 
309 
309 
309 

309 
309 


305 
397 
289 

280 
272 
264 
256 
248 

240 
231 
223 
215 
207 

199 

183 

X74 
166 


Aiea.sqin 


/win*. 
Vi.in.. 
/M.in«., 


Weight. 
ibperKnlt., 


8.92 


134 
3.87 

133 
3  73 


37.8 


XI. 76 


X4.70 


X6.43    X7.92     19.42 


158 

3.66 

148 

3-55 


182 
3.53 

X7I 
3.41 


333 

4.50 

213 

3.60 


376 

4.58 

231 

3  59 


420 
4.65 

349 
3-58 


47.8 


57.8 


55  5  I     60.6  I     65.7 


30.92 


46s 

267 
358 


70.8 


22.26 


444 
4.46 

274 
3.51 


75  7 


23.76 


489 
4.53 

292 
3.50 


80.8 


Sale  load-values  above  the  upper  heavy  Une  are  for  ratios  of  l/r  not  over  60; 
those  betweeii  the  heavy  lines  are  tor  ratios  up  to  Z2o  l/r;  and  those  below  the 
,  lower  btavy  Une  are  for  ratios  not  over  aoo  l/r 
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Ttble  ZXV*  (CoDtiitiMd).    Safe  LoAd«  in  Units  of  i  ooo  Poontfs  for  lo-Inch 
duumel-Coltiniiis 


''•'% 


r^r^ 


■<Wf   - 


'i-M 


^ 


St±5 


^T^     Allowable  fiber-stivsa  per  square  inch:  13  000  pounds  for 
'      lengths  of  60  radii  or  under 

Reduced  for  lengths  over  60  radii,  by  Fcninula  (13). 
5  «■  19  000  —  ICO  l/r 
,A       Weights  do  not  isKlude  rivet-heads  or  other  details 


Two  lO'ln  channels,  two  12-in  plates 

EfTective 
length. 

1^ 

|l 

|l 

4t 

Is 

So. 

II 

■".S 

"o.S 

u  C 

0  c 

£  • 

.oj 

£i 

a'l 

Xi  « 

J3'5 

J3  i 

•^  s 

ft- 

r^ 

^^ 

r^ 

V^ 

^•-^ 

*-^ 

«"• 

II 

318 

348 

367 

386 

405 

424 

443 

463 

12 

328 

M8 

367 

386 

405 

424 

443 

463 

13 

328 

348 

367 

386 

405 

424 

443 

463 

14 

328 

348 

367 

386 

405 

424 

443 

463 

IS 

328 

348 

367 

386 

40s 

424 

443 

463 

16 

328 
328 

348 

348 

367 

367 

386 
386 

405 

424 

443 

463 

17 

403 

392 

423 

411 

437 
424 

457 

444 

18 

324 

343           359 

37* 

19 

315 

334           349 

367 

381 

399 

412 

431 

ao 

307 

32s           339 

357 

370 

388 

400 

418 

21 

22 

% 

316           329 

307           319 

iS 

^ 

364 

387 
375 

40s 
392 

n 

281 

297           310 
288           300 

326 

337 

353 

362 

37? 

2A 

% 

316 

326 

341 

350 

366 

2S 

279           290 

30$ 

314 

330 

338 

354 

2d 

Si 

270           280 

295 

303 

318 

325 

341     , 

rj 

261           270 

28S 

S? 

306 

313 

328     ' 

28 

237 

252           260 

274 

295 

301 

315 

29 

229 

242     1       251 

264 

270 

283 

288 

302 

30 

220 

233     1       241 

253 

259 

271 

276 

289 

31 

211 

224     .       231 

243 

248 

260 

263 

276 

32 

203 

215              221 

233 

237 

248 

251 

263 

33 

194 

177 

206              211 

222 
2,2 

226 

237 

239 

250 

34 

196 
187 

201 

216    1      227 

232 

226 

243 

237 

35 

1    194 

205 

29.70 
606' 

211    f 
31.14 

221 

Area,  sq  in 

2S.26 

26.76   I      28.20 
581            559 

32.64 

34.08 

35.58 

/i-i.in* 

583 

630 

608 

655 

r\~\,\n 

4.60 

4.66         4.45 

4. 52 

4.33 

4-39 

4.22 

4.29 

/«.  n* 

310 

328           3i3 

351 

354 

372 

373 

390 

rt-t.in 

3.  so 

3.50  ,       3-44 

3  44 

3-37 

3  37 

3.30 

331 

Weight. 

lb  per  lin  ft.. 

8S  9 

9^  0  I      95  9 

lOI.O 

1059 

III.O 

"59 

121.0 

Safe  load-i 

ralues  above  the  upper  he 

avy  line 

are  for  ratios  of 

l/r  not  ( 

>ver  60; 

those  betwet 

sn  the  heavy  lines  are  for 

ratios  x 

ip  to  120  l/r;  and 

those  be 

low  the 

lower  heavy 

line  are  for  ratios  not  over 

ioo  l/r 
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TkM*  XXV*  (Coiithni«d).     Safe  Loads  in  Uaita  of  x  ooo  Pounds  for  x»-Inch 


,  r'^-x 

mdsfor 

v^ 

; 

(^ 

Allowable  fiber-stress  per  square  inch:  13000PO11 

«!:: 

lengths  of  60  radii  or  under 

'i    3- 

_\ 

Reduced  for  lengths  over  60  radii,  by  Formula  (X3).          | 

J 

1 

5  =  19000— ioo//r 

Im 

1 
— 1 — • 

u 

Weights  do  not  include  rivet-heads  or  other  details 
I 

!-p — Jt     ^ 

:*'-  u"-- »rf 

, 

Two  lo-in  channels,  latticed 

Two  lo-in  channels,  two  14-in 
plates 

Sffcctive 

ft 

i 

s 

ii 

1^ 

Is 

h 

.0  ^ 

II 

ii6 

153 

191 

229 

252 

275 

298 

312 

12 

ii6 

153 

191 

229 

252 

275 

298 

312 

13 

H6 

153 

191 

229 

252 

275 

298 

312 

14 

1X6 

153 

191 

229 

252 

275 

298 

312 

IS 

1X6 

153 

19X 

a29 

252 

275 

298 

312 

Z6 

xi6 

153 

X9I 

a29 

252 

275 

298 

3X2 

17 

1X6 
1x6 
1X6 

153 
X53 

191 

229 

252 
252 

252 
252 

275 

275 

275 
275 

298 
298 
298 
298 

312 

312 
312 
312 

l8 

1*9 
1*4 
179 

224 

218 

2X1 

19 

ISO 

146 

1                 20 

114 

21 

IIX 

109 

14a 

139 

174 
169 

ao5 
199 

252 

275 

298 

3X2 

22 

SSI 

273 

29s 

308 

23 

106 

135 

164 

193 

246 

^ 

289 

302 

24 

103 

I3X 

159 

187 

241 

26X 

282 

25 

100 

127 

154 

180 

*3S 

256 

276 

288 

'                 26 

98 

123 

149 

174 

230 

250 

270 

282 

27 

95 

"9 

144 

X68 

225 

244 

263 

275 

28 

U 

lis 

139 

162 

219 

238 

257 

268 

^ 

XIJ 

134 

IS6 

214 

232 

250 

261 

1           30 

87 

xoB 

129 

X49 

209 

226 

244 

255 

'             31 

84 

X04 

134 

143 

»3 

220 

238 

248 

32 

9l 

100 

X19 

137 

198 

214 

231 

241 

33 

78 

96 

114 

X3I 

193 

209 

225 

235 

3« 

75 
73 

92 
88 

109 

104 

X25 

187 

X82 

203 

197 

2x9 
212 

228 

22X 

3S 

"• 

Area,  Eq  in 

8.92 

11.76 

14.70 

17.64 

19.42  1    21.17 

22.92 

24.01 

/m.  in* 

134 

XS8 

182 

207 

416 

468 

S20 

491 

'M.  in 

3.87 

3.66 

3  52         3-42 

4.63 

4.70 

4.76 

4  52 

/«.in* 

197 

241 

284  '        323 

369 

398 

426 

442 

^>-».xn 

4.70 

4.53 

4.39         4-28 

4.36 

4.33 

4.31 

4.29 

Weight, 
lb  perUn  ft.. 

393 

49-4 

59  4  1      69  4 

657 

71.7 

77.6 

81.7 

Safe  load-values  at 

x>ve  the  upper  heavy  line 
avy  lines  are  for  ratios  uj 

are  for  ratios  of  l/r  not 

Dver  60; 

tbose  between  the  he 

?  to  120  //r;  and  those  be 

ow  the 

lower  heavy  line  are  f 

or  ratios  not  over  200  l/r 
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Tabto  ZXV*  (Contintted).    Safo  Loads  in  Units  of  i  ooo  Pounds  for  xo-Xn 


f'^-'k 


Allowable  fiber-stress  per  square  inch:  13  000  pounds  fo 
lengths  of  60  radii  or  under 
Reduced  for  lengths  over  60  radii,  by  Formula  (13)* 

5  —  19000  — xoo(/r 
Weights  do  not  indude  rivet-heads  or  other  details 


Two  lo-in  channels,  two  I4^in  plates 

Effective 

Is 

•38 

h 

• 

is 

II 

It 

Ungth. 

1^ 

a  < 
§•5 

H 

1*^ 

^! 

y  a 

«.s 

0  c 

«.S 

«.9 

«  c 

f^ 

1* 

.0  4 

II 

335 

358 

380 

396 

419 

44X 

464 

IS 

33S 

358 

380 

^ 

419 

441 

464 

13 

33S 

358 

380 

396 

419 

44X 

464 

14 

335 

358 

380 

396 

419 

441 

464 

IS 

33S 

358 

380 

396 

419 

441 

464 

x6 

335 

358 

380 

396 

419 

441 

464 

17 

335 

358 

380 

396 

419 

441 

464 

18 

335 

358 

380 

396 

419 

441 

464 

19 

335 

358 

380 

396 

419 

441 

464 

20 

3.15 

358 

380 

396 

419 

441 

464 

ax 

335 

358 

380 

396 

419 

441 

4<S4 

22 

330 

352 

374 

388 

410 

432 

4SJ 

23 

iS 

344 

36s 

379 

401 

422 

443 

24 

337 

357 

371 

392 

412 

43^ 

as 

308 

329 

349 

362 

382 

403 

42J 

36 

301 

321 

341 

353 

373 

393 

412 

27 

SJ 

313 

332 

345 

364 

383 

402 

28 

306 

324 

336 

355 

373 

39^ 

29 

279 

298 

316 

327 

^ 

364 

382 

30 

272 

290 

308 

319 

336 

354 

373 

31 

26s 

282 

299 

310 

^ 

344 

361 

32 

258 

275 

291 

301 

318 

335 

351 

33 

251 

267 

283 

293 

309 

32s 

341 

34 

243 

259 

274 

284 

300 

31S 

331 

3S 

236 

251 

266 

275 

291 

306 

320 

Area,  sq  in 

25.76 

27.51 

29.26 

30.4s 

32.20 

3395 

35.70 

A-i.in* 

544 

597 

652 

622 

676 

732 

790 

ri-i.  m 

4. 59 

4.66 

4.72 

4.52 

458 

4.64 

4.70 

/v^,  in<...... 

470 

499 

527 

541 

570 

S98 

627 

ri-i,  in 

4.27 

4.26 

4.24 

4.22 

4.21 

4.20 

4.19 

Weight, 
lb  per  lin  ft.. 

87.6 

93.6 

99.5 

103.6 

109.5 

llSS 

III.  4 

Safe  load-values  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  and  thos< 
below  the  heavy  line  are  for  ratios  not  over  120  l/r 

*  From  Pocket  Companion,  19x5 Edition,  Carnegie  Steel  Company.  Pitteburgh.  F 
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TiUe  XIV*  (C<mti]iaed).    Safe  Loads  in  Units  of  i  ooo  Pounds  for  lo-Inch 
Channd-Colvmns 


'   X'V-t. 

'  *"^ 

m-- 

r^ 

Allowable  fiber-streGs  per  square  inch:  13  000  pounds  for 

1 

lengths  of  60  radii  or  under 

2    ^ 

^> 

-i 

Reduced  for  lengths  over  60  radii,  by  Formula  (13), 

i 

5  =  19000  — 100 //r 

I'-l^ 

— 1 — 

^ 

Weights  do  not  include  rivet-heads  or  other  details 

'    !  y  ,Jt    ^ ! 

1 

|5 

Two  lo-in  channels,  two  X4-in  plates 

Effective 

•§8 

i 

P 

|| 

"^  s 

|5 
•8? 

ll 

^  a 

"^t- 

I5 

t? 

1-^ 

•0^ 
I- 

f 

IX 

480 

50a 

525 

548 

571 

593 

12 

480 

502 

52s 

^ 

571 

593 

13 

480 

502 

52s 

548 

571 

593 

14 

480 

502 

52s 

548 

571 

593 

IS 

480 

502 

S25 

548 

571 

593 

i6 

480 

50a 

525 

548 

571 

593 

17 

480 

502 

525 

548 

571 

593 

18 

480 

502 

525 

548 

571 

593 

19 

480 

502 

525 

548 

S7I 

593 

ao 

480 

soa 

525 

548 

571 

593 

21 

477 

Soo 

522 

544 

S67 

589 

22 

467 

488 

Sio 

532 

554 

575 

U 

456 

tu 

^p 

520 

541 

562 

24 

446 

487 

508 

529 

549 

as 

435 

455 

475 

495 

516 

536 

a6 

424 

444 

464 

483 

503 

522 

27 

414 

432 

452 

471 

490 

509 

1      * 

403 

421 

440 

459 

478 

496 

1          29 

392 

410 

429 

446 

465 

483 

'          30 

382 

399 

417 

434 

452 

469 

31 

371 

388 

405 

422 

4*0 

456 

39 

360 

Ws 

394 

410 

427 

443 

33 

350 

382 

fs 

414 

430 

34 

339 

354 

370 

401 

416 

35 

328 

343 

359 

373 

389 

403 

Arca,8q 

in 

36.89 

38.64 

40.39 

42.14 

43.89 

45.64 

7S7 

814 

873 

932 

994 

10S6 

i  ^M.  in 

4-53 

^eS 

4.6s 

4.70 

4.76 

•  4.81 

;/M.in« 

637 

69s 

723 

752 

780 

^t-^in 

4.16 

4.15 

4.  IS 

4.14 

4.14 

4.13 

Weight. 
lb  per  Un  ft.. 

125$ 

131.4 

137.4 

143.3 

149.3 

155.2 

Safe  load-values  abov 

e  the  heavy  line  are  for 

ratios  of  l/r  not  over  60-.  those  be- 

k)v  the  heavy  line  are  f 

or  ratios  not  over  lao  l/r                                                         ) 

'  From  Pbcket  Companion.  1915  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Ba. 

lie 
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Tkble  ZXV*  (CootfauMd).    Safe  Loada  in  Unita  of  i  ooo  Pooada  for  xo-Indq 


^^     Allowable  fiber-strcsB  per  square  inch:  13  000  po«mda  for 
lengths  of  60  radii  or  under 
Reduced  ibr  lengths  over  60  radii,  by  Formula  (13)  t 
5"  19000  —  ioo//r 
■4\       Weights  do  not  include  rivet-heads  or  other  details 


14^?_...-^ 


,  two  14-in  plates 

Effective 
length. 

channels. 

-in  plates 

1! 

is 

II 

•0^ 

^i 

A^ 

A   i 

A   4 

-^^ 

■tr 

*- 

Ir 

^^ 

r- 

XI 

609 

63a 

654 

677 

700 

723 

12 

609 

632 

6S4 

677 

700 

72.1 

13 

609 

63J 

654 

677 

700 

72.i 

14 

609 

632 

654 

677 

700 

723 

IS 

609 

632 

654 

677 

700 

723 

x6 

609 

632 

654 

677 

700 

723 

'Z 

609 

632 

654 

677 

700 

723 

X8 

609 

632 

654 

677 

700 

723 

X9 

609 

632 

654 

677 

700 

723 

20 

609 

632 

654 

677 

700 

723 

21 

602 

624 

647 

669 

691 

714 

22 

588 

610 

632 

654 

675 

23 

575 

% 

617 

639 

660 

681 

24 

561 

603 

624 

644 

66s 

25 

547 

568 

588 

608 

628 

648 

26 

533 

553 

573 

593 

612 

632 

27 

520 

539 

559 

578 

596 

616 

28 

S06 

52s 

544 

563 

581 

599 

n 

49a 

5X1 

529 

547 

56s 

583 

30 

479 

496 

5X4 

532 

549 

567 

31 

46s 

^' 

5~ 

517 

533 

5SO 

3a 

4SI 

468 

485 

502 

517 

53t 

33 

437 

454 

470 

487 

^l 

518 

34 

434 

440 

455 

471 

486 

5D2 

35 

410 

425 

441 

456 

470 

485 

Area,  sq  in 

46.83 

48.58 

50.33 

p.08 

53.83 

SS.58 

/i-i.in* 

1018 

I  080 

I  144 

X209 

X27S 

1343 

fi-i.  in 

4.66 

4.72 

4-77 

4.82 

4.87 

4  92 

V«.in« 

788 

816 

845 

874 

902 

931 

ri  s.  in 

4  10 

4.10 

4.10 

4.10 

4.09 

409 

Weight, 
lb  per  lin  ft.. 

159  3 

165.2 

171. 2 

in.r 

183.  X 

189.0 

Safe  load- values  above  the  heavy  line  are  (or  ratios  of  //r  not  over  60;  those  be- 
low the  heavy  line  are  for  ratios  not  over  120  //r 

*  From  Pocket  Companioa»  19x5  EditioD.  Carnegie  Steel  Compsoyi  Pittabunb,  Pft. 
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Tkfete  XXVL*    Safe  LmHb  in  Units  of  i  t>oo  PotuiAs  fMr  xs-^Indk  Cluuilittl- 


S"''^""^- 

r^ 

i     >*^ 

Allowable  fiber-stress  per  sqtkare  inch:  13  000  pounds  for 

-8^- 

1 

lengths  ol  60  radii  or  under 

%  ^ 

i 

-i 

Reduced  tot  lengths  over  60  tadil,  by  FonuuU  (13). 
S  =»  19000  — IOC //r 

i.j^ 

— i — 

w 

Weights  do  i»t  Ittclude  ttt^t^heads  or  other  details 

;Y    ,,..\s      YJ 

!••-—  14-- »{ 

Bflective 

Ttro  i24n  channels.  UtttCed 

Two  i2-in  channels,  two 
14-in  plates 

|j 

|3 

P 

i§ 

Is 

h 

r 

W^h. 

1^ 

8 

|3 

268 

It 

II 

157 

^91 

229 

293 

316 

339 

la 

IS7 

191 

239 

268 

293 

316 

339 

13 

157 

191 

229 

268 

293 

316 

339 

14 

157 

191 

229 

268 

293 

316 

339 

IS 

IS7 

191 

229 

368 

293 

3i6 

339 

1            16 

157 

191 

.    829 

268  ^ 

293 

316 

339 

17 

157 

191 

229 

908      * 

293 

316 

339 

l8 

157 

191 

229 

368 

293 

316 

339 

19 

157 

191 

229 

268 

293 

316 

339 

20 

157 

157 
1S7 

191 
191 

229 

368 

293 

316 
-316 

339 
339 

21 

265 
259 
253 

32 

190 
186 

225 
220 

290 
283 

31a 
30s 

334 
326 

23 

155 

24 

152 

183 

215 

248 

277 

298 

319 

25 

149 

178 

210 

242 

271 

29k 

312 

36 

146 

174 

205 

236 

265 

284 

304 

27 

142 

170 

200 

230 

258 

277 

297 

aS 

139 

166 

195 

224 

252 

27t 

290 

29 

136 

X62 

Ts 

218 

246 

264 

282 

30 

133 

158 

812 

239 

257 

275 

31 

IS 

154 

x8o 

206 

233 

250 

268 

32 

150 

175 

200 

227 

243 

360 

33 

123 

146 

170 

194 

220 

236 

253 

34 

ISO 

142 

I65 

188 

2t4 

230 

246 

35                   117 

138 

160 

182 

208 

223 

238 

Afta»s<iin 

ia.o6 

14.70 

17.64 

20.S« 

22.56     1      24.31 

26.06 

^>-i.in* 

256 

388 

3 

359 

658     I          730 

803 

ri-i.in 

4.61 

4.43 

4.17 

5»40 

5.48 

5. 55 

/»-f.in< 

244 

4'S 

■  316 

351 

415 

444 

^1} 

»^»-t.  m 

I                       1 

4.50 

4.« 

4.13 

4.29 

4.27 

4.26 

Weight. 
Ibperlinft..!        50.4 

59.4 

«9.4 

79.4           76.7 

82.7 

88.6 

Safe  load-Talues  abo 

ve  the  heUVy  lihe  are  fof  ratios  Of  l/r  not  over  60;  those 

bekw  the  heavy  line  ai 

re  for  ratios  not  over  X9o  l/r 

*  Ffom  Pocket  Compa&ioo,  1915  Editioiit  Carnegie  Steel  Company^  PitUbnrgh,  Pa. 

Digitized  by  VjOOQIC 
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Table  XXVI' 

(CoatkuMd).    Safo  Loads  in  Uoiti  d 

I  I  000  Pounds -for  la-^Inch 

Chanael-CdlufflnB 

r-"-',v-^. 

Allowable  fiber^ress  per  square  inch:  13  000  pounds  for 

r^ 

4-, 

r 

lengths  of  60  radii  or  under 

'^  ^ 

.-!._ 

-1 

Reduced  for  lengths  over  60  xadii.  by  Formula  (13) .          | 

1 

S  —  19000  — ioo</r 

i.M. 

-i- 

u 

Weighto  do  not  include  rivet-heads  or  other  details 

W-rA.yA 

Effective 

Ttvo  i2-in  channels,  two  i4-i&  plates 

5? 
1^ 

i8 

1^ 

|i 

1^ 

1 

It 

1^ 

.P 

P 

XI 

362 

384 

396 

419 

441 

464 

487 

12 

362 

384 

396 

419 

441 

464 

487 

13 

362 

384 

396 

419 

44X 

464 

487 

14 

362 

384 

396 

419 

44X 

464 

487 

»s 

362 

384 

396 

419 

441 

464 

487 

l6 

362 

384 

396 

419 

441 

464 

487 

17 

362 

384 

396 

419 

441 

464 

487 

l8 

362 

384 

396 

419 

441 

464 

487 

19 

362 

384 

396 

419 

441 

464 

487 

ao 

362 
362 

384 

304 

396 
396    . 

419 

441 

464 

487 

1                21 

41ft 

409 

440 
431 

4^ 
453 

4S5 

474 

22 

355 

377 

387 

2J 

347 

3? 

378 

400 

421 

443 

464 

24 

339 

360 

370 

390 

411 

432 

453 

2S 

332 

352 

361 

3BI 

401 

422 

442 

26 

324 

344 

352 

372 

392 

4X2 

431 

27 

3X6 

335 

344 

363 

J82 

403 

421 

2S 

306 

327 

335 

354 

372 

391 

410 

39 

300 

318 

326 

344 

362 

381 

»2 

30 

292 

310 

318 

335 

353 

371 

388 

31 

284 

302 

309 

326 

343 

361 

377 

32 

33 

^ 

^5 

300 
291 

317 
307 

333 
323 

350 
340 

3S6 

34 

26t 

^ 

283 

X 

314 

330 

345 

35 

253 

274 

304 

320 

334 

Area,  sq  in 

27.81 

99.SS 

30.45 

32.20 

33.95 

35.70 

37.45 

/t-i.in* 

878 

5^ 

910 

986 

X  063 

XI42 

1223 

ri-i.  in 

S.62 

5.47 

5-53 

5. 60 

5.66 

5. 71 

/»-».m* 

501 

530 

537 

565 

594 

622 

6SX 

rt-i,  in 

4.34 

4.23 

4.20 

4.19 

4.18 

4.18 

4.17 

Weiffht. 
lb  per  lin  ft.. 

94.6 

100. s 

X03.6 

X09.5 

IIS. 5 

1      121. 4 

1274 

Safe  load-values  abo 

ve  the  heavy  line  are  for  ratios  of  l/r  not  over 

So;  those 

below  the  heavy  line  ai 

re  for  ratios  not  over  X20  l/r 

*  From  PodLet  Compaoioii,  19x5  Edition,  Carnegie  Steel  Company,  Pittsbuifh,  Pa. 

Digitized  by  VjOOQ IC 
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TthU  XXVX*  (Contmiied).    Safe  Loads  in  Units  of  i  ooo  Pounds  for  Z3-Incl 
Cluumet-ColaBms 


■^T      Allowable  fiber-stress  per  square  inch:  13  ooo  pounds  for 
lengths  of  60  radii  or  under 
Reduced  for  lengths  over  60  radii,  by  Formula  (13), 

5  —  19000— lool/r 
Weights  do  not  include  rivet-heads  or  other  details 


Effective 
la^h. 


TVo  i3-in  channels,  two  I4*in  plates 


h 

A 


II 


XI 
12 
13 
14 
IS 

16 
17 
x8 
19 

20 

21 
22 
23 

24 
as 

26 

27 
a8 
39 
30 

31 
32 
33 
34 
3S 


Soa 
502 


SQ2 

502 

Soa 
502 


525 
525 
52s 
52s 
52s 

52s 
52s 
525 
525 
52s 


548 
548 
548 
548 
548 

548 
548 
548 
548 
548 


S7X 
571 
571 
571 
571 

571 
57X 
57X 
571 
571 


593 
593 
593 
593 
593 

593 
593 
593 
593 
593 


609 

609 
609 

52 

S2 
609 


632 

632 
632 
632 

632 
632 
632 
632 
632 


498 
487 

4S3 


442 
431 
420 
409 
397 


352 
341 


$21 
SO9 

474 

462 
45X 

439 

427 
415 


392 
380 
368 

357 


543 
531 
S18 
S06 
494 

482 
469 
457 
445 
432 

420 
408 


565 
553 
S40 
527 
5X4 

502 

463 
450 

438 
425 
412 


588 

25 
561 
548 
535 

522 

508 

495 
482 
468 

455 

442 

428 
4XS 
402 


6ot 
587 
573 
559 
545 

53a 
518 

504 
490 
477 

463 
449 
435 
42X 
408 


623 
609 

566 

552 
537 
523 
S09 
494 

480 
466 
452 
437 
423 


654 
654 
654 
6S4 
654 

654 
654 
654 
654 
6S4 


645 

631 
616 
60X 
586 

571 
557 
542 
527 
512 

497 
483 
468 
453 
438 


Axea,sq  in 


/,_,.  in*, 
r^i.in 


38.64 


1174 
552 


4x3 


40.39 


x  258 
5-58 

668 
4x3 


42.14 


1340 

5-64 

717 

4x2 


43.89 


45.64 


X424 

5.70 
745 
4X2 


1509 
5.75 
774 
4.12 


46.83 


X459 

558 

779 

4.08 


48.58 


1544 
S.64 
808 
4.08 


50.33 


1630 
5.69 
837 
4.08 


Wetsht. 
i  lb  per  nn  ft. 


131 .4 


137.4 


143-3 


X49.3 


1593 


165. 2 


X7X.2 


Safe  load-values  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  those 
I  below  the  heavy  line  are  for  ratios  not  over  X20  l/r 


'  Fxom  Pocket  Companioo, 


.  X915  Edition,  Carnegie  Steel  Company,  Pittsboish,  Pa. 

Digitized  by  VjOOQIC 
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Table  XZVI*  (Continued).    Safe  Loada  in  Unita  of  x  ooo  Poonda  4pr  la-Incl 
ChanneUColiuana 


^*ir-l. 

1 

Allowable  Eber-«tress  per  square  inch:  13  000  pounds  for 

-bI'- 

r 

lengths  of  60  radii  or  under 

i^l. 

J 

Reduced  for  length*  over  60  radii,  by  Formula  (13), 
5-  19000  — ioo//r 

1^ 

1 

k 

WeighU  do  not  include  rivet-head«  or  other  details 

^^^2     V! 

Effective 

Two  i3-ia  cbianelst  two  14-in  plates 

it 

|S 

•i« 

•3*8 

It 

•S.3 

•s's 

•St 

length, 

11 

I.S 

.Be 

I.S 

it 

^J2 

1- 

.0  • 

II 

677 

700 

T23 

745 

!? 

791 

814 

12 

6n 

TOO 

T23 

745 

768 

791 

814 

13 

677 

700 

723 

745 

ZS 

791 

814 

14 

err 

TOO 

T23 

745 

768 

791 

814 

IS 

trt 

700 

723 

745 

768 

791 

814 

i6 

677 

TOO 

Ta3 

745 

Z2 

791 

8i4 

17 

677 

TOO 

T23 

745 

768 

791 

814 

l8 

6n 

TOO 

723 

745 

768 

791 

811 

19 

677 

TOO 

T23 

745 

768 

791 

814 

30 
31 

677 

TOO 

T23 

745 

7« 

791 

814 

668 

669 

T12 

734 

757 

779 

8C2 

22 

653 

674 

695 

717 

7.W 

761 

783 

23 

637 

6$8 

679 

TOO 

722 

743 

7<i5 

24 

623 

642 

66.1 

684 

701 

725 

746 

25 

607 

6j6 

«46 

667 

687 

707 

T28 

36 

591 

610 

«30 

650 

670 

689 

709 

27 

576 

594 

614 

6.VJ 

652 

672 

601 

28 

561 

578 

597 

616 

6.W 

^ 

672 

29 

545 

563 

581 

599 

617 

636 

6«;4 

30 

510 

S47 

564 

582 

600 

6x8 

t>3S 

31 

51S 

531 

548 

56s 

583 

600 

617 

32 

499 

515 

532 

548 

565 

^J 

^ 

Xi 

484 

499 

5»S 

531 

548 

564 

34 

469 

483 

499 

51S 

530 

546             S62 

35 

453 

467 

482 

498 

513 

528      1       543 

Axea.sq  in  |      52. oft 

53.83 

55.58 

57.33 

"T992~~ 

59  08 

~o8r 

60.83    1     63.58 

/i-i.  in< 

I  719 

x8o8 

1899 

2  183        a  2^o 

rv-i.in 

5.74 

s.ao 

5.8s 

5.89 

5.94 

5.99          6.04 

/»-5.  in* 

66s 

«94 

923 

951 

980 

1  008          1  0J7 

r>-t.  in 

4.08 

4.07 

4.07 

4  07 

4.07 

4.07         4  07 

i      Weight, 
lb  per  Un  ft.. 

177.1 

183. 1     1     189.0 

195  0 

300.9 

306.9        212  s 

b 


Safe  load-values  above  the  heavy  line  are  lor  ratios  of  l/r  not  over  60;  t hoc 4 
below  the  heavy  line  arc  for  ratios  not  over  lio  Ur 

'  FsDOk  Pocket  Coapankan.  19x5  Edidon.  C*rac!gje  Slecl  ConiMny.  PiUstiwsJk.  Pa. 
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UM«  XZVI*  (Conlittoed).    a«f«  Loads  in  Units  of  i  ooo  Pounds  for  xa-Ineli 
Channel-Colnmns 


1   r-«:V"i. 

re  inch 

:  1300 

'^ 

f^      Allowable  fiber-«tres9  per  sqtia 

0  pounds  for 

laV- 

lengths  of  60  radU  or  under 

=,  i- 

J 

Reduced  for  lengths  over  60  radii,  by  Formula  (13).          1 

U      w. 

5  =  19000  — 

100  l/r 

-A 

! 

^ghta  do  not  include  rivet-heads  or  other  details 

V      J2      H^ 

r» 

-      -16 

*! 

' 

Two  x»-in  channels,  two  i6-in  plates 

Effective 

48 

p 

•3.H 

•s's 

is 

•38 

4t 

IS 

4^ 

-3?! 

o.S 

ft 

1^- 

•S.3 

•i  c 

h 

•0  fl 

I.S 

U3  i 
I?- 

6X9 

^5 

1^ 

l« 

5-^ 

1* 

•0  • 

1* 

II 

64s 

671 

697 

723 

749 

762 

788 

814 

840 

u 

619 

645 

67X 

697 

723 

749 

762 

7B8 

814 

840 

13 

619 

64s 

671 

697 

723 

749 

762 

788 

814 

840 

u 

619 

64s 

671 

697 

723 

749 

762 

788 

814 

840 

IS 

6X9 

64s 

671 

697 

723 

749 

762 

788 

814 

840 

Z6 

6x9 

«45 

671 

697 

723 

749 

762 

788 

814 

840 

17 

619 

«4S 

671 

697 

723 

749 

762 

788 

814 

840 

X8 

6x9 

645 

67X 

697 

723 

749 

762 

788 

8x4 

840 

19 

619 

64s 

671 

697 

723 

749 

762 

788 

8x4 

840 

so 

619 

645 

671 

697 

723. 

749 

76a 

788 

814 

840 

ai 

6x9 

645 

671 

5?7 

723 

749 

762 

788 

814 

840 

23 

6x9 

64s 

671 

697 

723 

749 

762 

788 

814 

840 

a3 

619 
619 

645 

64s 

671 
671 

697 
697 

723 

723 

749 
749 

762 
76a 

788 

814 

840 

24 

7S7 
772 

ii3 
797 

822 

»5 

610 

fi3S 

iSo 

'  SU' 

711 

7i5 

747 

j6 

599 

623 

648 

673 

697 

721 

732 

756 

78X 

80s 

37 

5«7 

6x1 

635 

659 

683 

707 

718 

741 

766 

789 

3S 

575 

^ 

622 

646 

669 

t>9^ 

688 

726 

750 

773 

« 

563 

^ 

6.U 

655 

678 

711 

734 

757 

30 

55^ 

S74 

6x9 

642 

664 

674 

696 

719 

741 

31 

540 

562 

583 

606 

628 

649 

6S9 

681 

703 

724 

32 

528 

S49 

S7I 

593 

614 

635 

644 

66s 

687 

708 

33 

S16 

537 

558 

579 

600 

621 

6.v> 

650 

672 

692 

31 

504 

S2S 

545 

566 

586 

606 

61S 

635 

656 

676 

35 

49 

3 

$12 

532 

553 

572 

592 

600 

620 

640 

660 

Ai»a,aqin  ^  47. 

49.64  1 

51.64 

53.64 

55.64 

57.64 

_S8_58 
2015 

60.58 

62.58 

64.58 

/^.ia* 1581  1 

X678 

1777 

X878 

1980 

20B4 

2  X19 

2225 

2333 

V-i-^« 

576 

5.81 

5^1 

5.92 

5.97 

6.ot 

5.87 

5.91 

5.96 

6.01 

/vj.in* 

X  121 

X  X64 

1206 

1249 

1292 

133-1 

1349 

1392 

1434 

1477 

'v».in 

4.85 

4.84 

4.83 

4.83 

4.82 

4.81 

4.80 

4.79 

4.79 

4.78 

Wecht. 

i6a.o 

X66.8 

175. 6 

182.4 

189.2 

196.0 

199.2 

206.0 

2X2.8 

219.6 

Solebsuf-vsloesal 

Mvethc 

heavy  line  art 

for  ratios  of 

l/r  not 

over  ( 

k>;  those  be- 

i-i  lot  heavy  line  a 

re  for  ra 

itios  not  over  i 

xl/r 

'  Fkod  Pwket  CcMqpsiuoa,  i9ss  Editkm.  Cuncgie  Sted  Compaay,  Pittabursb,  Pa. 
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Tabl«  ZZVI 

*  (ConttDiicd) 

.    Safe  Lo«id«  in  Units  of 

1000 

Poonds  for  i 

[»-IncI 

ChAnnel-Columns 

x"V--% 

llowable  fiber'Stress  per  Bqus 

"r"^ 

W    ^ 

ire  inch:  13  000  pounds  for 

lof- 

lengths  of  60  radii  or  under 

a  '- 

JL 

Reduced  for  lengths  over  60  radii,  by  Formula  (13). 

; 

1 

5 -19000- 100 //r 

-^-^ 

— \ — 

U,      \s 

eights  do  not  include  rivet- 

[leads  or  other  details 

!  V  ,^J2     M^ 

■4 

-•---16.- 



*"*i 

Effective 
Icnrth, 

Two  xa-in  channels,  two  i6-in  plates 

n' 
1} 

|1 

•S.S 

§1 
1.9 

•S.S 

Jl 

or 

Is 

If 

Jl 

•S.S 

|l 

Is 

If 

^;5 

a± 

=2^ 

=?5 

^^> 

=2^ 

^i 

^i 

i>r 

892 

918 

«^ 

Jij- 

Jfj- 

si!- 

^5- 

«-- 

* 

II 

866 

944 

970 

996 

I  022 

104a 

1074 

X  IOC 

12 

866 

892 

918 

944 

970 

996 

X022 

I  048"   X  074 

I  100 

13 

866 

892 

918 

944 

970 

996 

1022 

I  048'    X  074"     X  IOC 

14 

866 

892 

918 

944 

970 

996 

I  022 

X048   1074 

X  IOC 

IS 

866 

892 

918 

944 

970 

996 

X022 

X048   X074 

I  100 

i6 

866 

5^* 

918 

944 

970 

996 

I  oa2 

X  048,   I  074 

X  lOO 

17 

866 

892 

918 

944 

970 

996 

X  022 

X048|   X074 

1  IOC 

i8 

866 

892 

918 

944 

970 

996 

X022 

X  048!   X  074 

X  IOC 

19 

866 

892 

918 

944 

970 

996 

X  022 

1048  1074 

X  IOC 

ao 

866 

892 

918 

944 

970 

996 

1022 

X048 

1074 

I  IOC 

21 

866 

892 

918 

944 

970 

996 

1022 

X048 

1 074 

I  IOC 

22 

866 

892 

918 

944 

970 

996 

X022 

1048 

1074 

I  IOC 

23 
24 

866 

892 

918 

944 

970 

996 

X022 

X048 

X  074      X  IOC 

?** 

^ 

s^ 

940 

9^ 

992 

XOI7 

X042 

1068;    I  oiw 

as 

847 

87a 

922 

947 

972 

997 

xoaa 

1047     I07J 

26 

830 

8.54 

879 

1^ 

92R 

953 

977 

X  002 

I  027'    1  ov 

a? 

8X4 

837 

862 

909 

934 

9S7 

981 

X  006:     X  C3^ 

28 

¥ 

820 

844 

867 

891 

937 

961 

^   '^ 

29 

803 

8a6 

84« 

872 

895 

Sr' 

94X 

30 

764 

78s 

806 

830 

853 

876 

920 

943 

963 

31 

747 

768 

791 

8ia 

834 

857 

878 

^ 

92a 

94.1 

32 

730 

751 

773 

794 

8x5 

837 

858 

901        9^ 

33 

i 

7SS 

77S 

797 

818 

838 

859 

881        aS 

34 

6£ 

737 

757 

778 

799 

818       839;      860       871 
798|      8i9|      839       iS 

3S 

699 

720 

739 

759 

779 

Area,  sq  in 

66.58 

68.58 

70.58 

72.58!  74.58 

76.S8 

78.58|  80.S8   82.S8 

Vsj 

/i-i.in* 

2443 

2  5SS 

266«r 

2783 

2901 

T020 

3x41    3264'   3  3B9 

3si< 

Ti-i.  in 

6.06 

6.10 

6.  IS 

6.19 

6.24 

6.28 

6.32     6.36     6.41 

3 

/,-,.in« 

IS20 

1562 

x6os 

X648 

1 690 

173.1 

1776    X8i8 

x86x 

»'^-1.  in 

4.78 

4.77 

4.77 

4.76 

4.76 

_4:76 

4. 75 

4.7S 

4.7S 

] 

Weight, 

lb  per  lin  ft.. 

226.4 

233  2 

240.0 

246.8 

_2S3.6 

2604 

267.2 

274.0 

aBo8 

_^y 

Safe  load-values  a 

bove  tt 

ic  heavy  lino 

are  for 

ratios 

of  l/r  not  over  60; 

bolow  the  heavy  lin 

E  are  foi 

ratios  not  over  lao  l/r 

*  From  Pocket  Com] 

penioD, 

191s  Edition.  Carnegie  Sted  ( 

Company*  Pittsburgh,  Pa. 

Digitized 

by  VjC 
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TaMe  ZXVIL*    Safe  Loads  in  Units,  of  i  ooo  Potuids  for  is-Indi  Cbsanel- 


.^^-^ 

^ 

.1.. 

r 

Allowable  fiber-etress  per  square  inch 

lengths  of  60  radii  or  under 

.1- 

-[- 

J, 

Reduced  for. lengths  over  60  radii,  by  Formula  (13),         | 

i 

• 

S  — i9oc»— ioo//r 

.  A' 

1 

u 

Weights  do  not  include  livet-heads  or 

other  details 

Two 

i>in  channels,  latticed 

Two  is-in  channels,  two 

II 

il 

il 

II 

is 

u 

•Sj 

|2 

S^ 

S5 

Is 

j-i 

H 

J-l 

w^ 

w2 

oii 

0  V 

""3 

O.S 

^  a 

%i 

it 

1* 

^l 
F 

1^ 

II 

257 

268 

306 

344 

413 

439 

46s 

13 

257 

268 

3o6 

344 

413 

439 

465 

»3         1        2S7 

368 

306 

344 

413 

439 

465 

U                  ZS7 

368 

306 

344 

4>3 

439 

465 

15               as7 

268 

306 

344 

413 

439 

465 

^                 257 

268 

306 

344 

4t3 

439 

465 

q                2S7 

268 

306 

344 

4x3 

439 

46s 

^                257 

268 

306 

344 

413 

439 

46s 

^         i        257 

268 

3q6 

344 

413 

439 

465 

»        1        2S7 

268 

306 

344 

4X3 

439 

465 

21           I          257 

268 

306 

344 

413 

439 

46s 

a                 257 

268 

306 

344 

413 

439 

465 

ii         1        2S7 

268 
268 

306 
306 

344 

4x3 
413 

439 
439 

465 
46s 

21 

^5 

'        2S7 

343 
336 

1        257 

2^ 

301 

407 

432 

457 

»          1         252 

261 

295 

329 

400 

424 

448 

/7 

247 

256 

289 

322 

392 

41S 

440 

^ 

243 

251 

284 

316 

384 

407 

431 

39 

238 

246 

278 

309 

376 

399 

422 

30 

233 

241  . 

272 

302 

368 

390 

413 

jr 

228 

236 

266 

296 

360 

382 

404 

» 

224 

231 

960 

289 

352 

373 

395 

a 

219 

226 

2$4 

382 

345 

365 

386 

34 

2U 

221 

249 

276 

337 

3S7 

377 

s 

209 

SI6 

243 

269 

329 

348 

368 

■.-vie 

qia 

19.80 

20.S8 

2352 

26.48 

31.80 
1334 

33.80 

35.80 

rrr. 

62s 

640 

69s 

7SO 

1459 

X586 

'-  a 

5.63 

558 

5.43 

5.32 

6.48 

6.57 

6.66 

•.->i3* 

49T 

504 

552 

597 

747 

789 

832 

— -i 

4.98 

4.95 

4.84 

4.75 

4.85 

4.83 

4.82 

it.1 

l?ejmft..| 

80.3 

«4.2 

92.x      >      IQ2.3 

106.8 

X13.6 

120.4 

^Souf-valacsabffi 

re  the  heavy  line  are  for  ratios  of  l/r 

not  over  60;  those 

^^nv  the  heavy  line  an 

e  for  ratios  not  over  120  l/r 

*fm?odut  OmipaiMon*  1915  Edition,  Carnegie  Steel  Company,  Pittsburgh.  Pa. 
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'aUo  XXVn'*  (Continued).    Safe  Loads  in  Units  of  t  ooo  Pounds  for  xs-Iac 
Channel-Columns 


j_^r.-l. 

'  13  000  PC 

'y\ 

■  1 

^ 

Allowable  fiber-atress  per  square  inch 

>unds  for 

-fl'-. 

lengths  of  60  radii  or  under 

'^  ^ 

_J.- 

_1 

Reduced  for  lengths  over  60  radii,  by  Formula  (13). 

1 

- 

5  ■"  19000  — 100 //r 

i.r^ 

— i — 

^ 

Weights  do  not  include  rivet-heads  or 

other  de 

tails 

lX,«='.'?--^.4 

Two  i5-in  channels,  two  i6-in  plates 

Effective 
length. 

If 

It 

ll 

II 

1i 

11 
1! 

O.S 

«  a 

Of 

0  a 

p 

as 

II 

491 

SI7 

528 

554 

580 

606 

632 

12 

491 

SI7 

528 

554 

580 

606 

632 

13 

491 

SI7 

538 

554 

s8o 

6c6 

632 

14 

491 

517 

528 

554 

580 

6c6 

632 

IS 

491 

SI7 

528 

554 

S8o 

6c6 

632 

i6 

491 

SI7 

528 

554 

5«o 

606 

632 

17 

491 

517 

528 

554 

580 

606 

632 

i8 

491 

SI7 

528 

554 

580 

606 

632 

19 

491 

SI7 

528 

554 

580 

606 

632 

20 

491 

517 

528 

554 

s8o 

606 

«32 

21 

491 

SI7 

528 

554 

580 

606 

632 

22 

491 

SI7 

528 

554 

580 

606 

632 

23 

491 
491 

517 

517  1 

528 

554 

s8o 

606 

632 

24 

527 
SI7 

552 

542 

578 
567 

604 
S92 

629 

25 

'     4*2 

S07 

617 

26 

473 

498 

S07 

S3l 

555 

580 

60s 

27 

464 

488 

497 

520 

544 

569 

592 

28 

454 

478 

486 

510 

533 

557 

580 

29 

445 

468 

476 

499 

522 

545 

568 

30 

435 

458 

466 

488 

5" 

533 

556 

31 

426 

448 

456 

478 

499 

522 

543 

32 

416 

438 

446 

467 

488 

s^S 

531 

3.1 

407 

428 

436 

456 

JS 

498 

519 

34 

398 

418 

425 

446 

487 

S07 

35 
Area,  s< 

388 

408 

415 

435 

454 

475 

494 

lin 

37.80 

39.80 

40.58 

42.58 

44.58 

46.58 

4S.S8 

/,-i.in« 

I  71s 

"   1847 

I  861 

1994 

2129 

22«7 

3406 

ri-i.  in 

6.74 

6.81 

6.77 

6.84 

6.91 

698 

7.04 

/^-2.  »n« 

875 

917 

930 

973 

I  016 

1058 

1  lOl 

''«-t.  in 

4.81 

4.80 

4.79 

4.78 

4.77 

4.77 

4-76 

Weight, 
lb  perlinft.. 

127  2 

134. c 

138.0 

X44-8 

151 .6 

158.4 

165  a 

Safe  load-valuen  abo 

ve  the  heavy  line  are  for  ratios  of  l/r 

not  over 

So;  thos.' 

below  the  heavy  line  a 

re  for  ratios  not  over  lao  l/r 

*  From  Pocket  Companion,  1915  Edition,  Carnegie  Steel  Company,  Pittsbox^,  Pa. 
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ThUft  ZZVn^  (Contittaad).    Safo  Load*  in  Unite  of  x  ooo  Pounds  for.xs-Inch 


r-O Ijf C^ 

Allowable  fiber«tres3  per  iquaxe  inch:  13  cx»  pounds  for 

^^ 

r 

•i'- 

lengths  of  60  radii  or  under 

>     1- 

1 

Reduced  for  lengths  over  60  radii,  by  Formula  (13). 

1 

S  =  19000—  ioo//r 

V^ 

i 

•a. 

Wetghts  do  not  inchide  rivet-heada  or  other  details 

^     J2      H^! 

*     -16 -»- 

! 

Two  is-in  channels,  two  i6>in  plates 

Effective 

II 

ll 

0  c 

l| 

If 

1^ 

^1 

1} 

J3  « 

•o"! 

t# 

^'T 

•Q^ 

A^ 

^  • 

4? 

I- 

r 

^5 

4- 

'^-^i 

^ 

IX 

644 

670 

696 

723 

748 

774 

786 

la 

644 

670 

696 

722 

748 

774 

786 

U 

644 

670 

696 

722 

748 

774 

786 

M 

644 

670 

696 

722 

748 

774 

786 

IS 

644 

670 

696 

722 

748 

774 

786 

i6 

644 

670 

«96 

722 

748 

r/4 

786 

*2 

644 

670 

696 

722 

748 

774 

786     ■ 

iS 

644 

670 

696 

722 

748 

774 

786 

19 

644 

670 

696 

722 

748 

774 

786 

20 

644 

670 

696 

722 

748 

774 

786 

n    N 

644 

670 

696 

722 

748 

774 

786 

22 

6U 

670 

696 

722 

748 

774 

786 

« 

644 

670 

696 

722 

748 

774 

786 

24 

^ 

665 

690 

715 

741 

7®7 

777 

25 

627 

651 

677 

701 

727 

753 

761 

26 

614 

638 

663 

687 

712 

737 

746 

27 

602 

62s 

^3?- 

673 

697 

721 

730 

i6 

589 

612 

659 

683 

706 

71S 

39 

S77 

599 

622 

645 

668 

691 

69() 

*> 

S(54 

586 

609 

631 

653 

676 

684 

31 

551 

573 

595 

616 

639 

661 

668 

32 

539 

560 

581 

602 

624 

646 

653 

33 

5?6 

547 

568 

588 

609 

630 

637 

34 

5X4 

534 

554 

574 

S9S 

615 

622 

^     1 

SDl 

520 

541 

S6o 

580 

600 

606 

.\«m,sqin  ^      49-5^ 

5X52 

535a 

55. Sa 

57.53 

S9.5a 

60.4S 
3'946~' 

''-I.  in* 2  3M 

2461 

a  60  J 

3  746 

2891 

3039 

'M.in 6.8s 

6.91 

6.97 

7. 03 

7.09 

7. IS 

6.98 

/»-..in* iic6 

1149 

X  193 

1234 

I  377 

1330 

1332 

^^.in 4.73 

4.7a 

4.72 

4.71 

4.71 

4.71 

4.68 
_.J?S.6 

W«j?ht. 
:>pwlinft..'       168.4 

X75.a 

182.0 

X88.8 

195  6 

202.4 

S«le  toad-valtiM  atxr 

n  the  heavy  Kne  are  for  ratios  ol  l/r  not  over  6 

0;  those 

'3e!ov  the  heavy  line  ar 

e  for  ratios  not  over  lao  l/r 

*  FlMtfi^iBk^  OWIIMiOQi 


ism  GdftJon.  QafoegfA  Stcd  Cooapwy*  Pittsburgh,  f  a. 
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Table  XXVII*  (Coatittued).    Safe  Loads  ia  Unite  of  i  ooo  PouiuU  for  is-Inch 


J.^ 


^7     Allowable  fiber-stress  per  square  inch:  13  000  pounds  for 
■i-    *      lengths  of  60  radii  or  tinder 

1        Reduced  for  lengths  over  60  radii,  by  Formula  (13), 
5**x9ooo  — loof/r 
wk       Weighte  do  not  include  rivet-heads  or  other  details 


"V 7^ 

>  -    16  - 


■^ 


Effective 
length. 


13 

13 
14 

IS 

16 
17 
18 
19 

20 


33 
24 
25 

26 
27 
26 
29 
30 

31 
32 

33 
34 
35 


Area,  sq  in 

^r-i.in« 

'•i-i.  in 

^M.in* 

r?->.  in 


•s.s 
5i 


812 
812 
812 
812 
812 

812 
812 
812 
812 

8X2 
8I2 

812 

812 

-557- 

786 

770 

754 
738 
722 
70s 

689 
673 
657 
64X 
62s 


62.48 

"7  094 
7.04 
X36S 
4.67 


Weicht,      I 
Ibperlinft..! 


213.4 


Two  X5-in  channels,  two  i6-in  plates 


^4 


Zt,' 


838 
838 
838 
838 
838 

8j8 
838 
838 
838 
838 

838 
838 
838 

8IX 

794 

?i? 

74S 
728 

^ 

678 
662 
64s 


il 


864 
864 
864 
864 
864 

864 

8d4 
864 
864 
864 

864 

864 
864 


836 

819 
802 
785 
768 
751 

716 
699 
682 
66s 


^4 


«9o 
890 
890 
890 
890 

890 
890 
890 
890 
890 

890 
890 
890 

"879" 
86x 

1^ 

80B 

791 
773 

7S6 
738 
720 
703 
68S 


1'^ 


916 
916 
916 
916 
916 

916 
916 
916 
916 
916 

916 
916 
916 


•2S 

"5- 


942 

942 
942 
942 
942 

942 
942 

942 
942 
942 

942 
942 
942 


868 
850       i 
832 
814 
796 

?2 

741 
723 
705 


64.48 


3244 
7.09 

X408 
4.67 


319.2 


66.48 


3396 
7.  IS 

X450 
4.67 


226.0 


6S.48 

~35S0~ 
7.20 
X493 
4.67 


232  8 


70.48 

7.25 
1536 
4.67 


239.6 


930 
9x2 

893 
874 
8S6 
837 
8x8 

800 
781 
763 
744 
72s 


72.48 


3865 
7.30 

XS78 
4.67 


246.4 


968 
968 
96S 
968 

968 
968 
968 

968 
968 

968 
968 
968 


9SO 
937 

151 

879 
860 

841 

822 
803 
784 
764 
745 


74.48 
4026 

7.1s 
1621 

4.67 


253.2 


Safe  load-values  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  those 
below  the  heavy  line  are  for  ratios  not  over  120  l/r 
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TtUe  ZZVn  •  (ContiBued).    Safe  Loads  in  Unite  of  i  ooo  Povnds  for  zs-Incli 
Cluuinol-Colnnuis 


^^      Allowable  fiber-stress  per  square  inch:  13  000  pounds  for 
lengths  of  60  radii  or  under 
Redooed  for  lengths  over  60  radii,  by  Formula  (13), 

5  —  19000—  ioo//r 
Weights  do  not  include  rivet-heads  or  other  details 


s-^-tt?- 

*...J^ 

1 

lannels, 
plates 

' 

Vo  xs-in  channels,  two  x8-in  plates 

BTertive 

h 

H 

It 

J§ 

|l 

Is 
H 

J'S- 

II 

0  c 

0  2 

«c 

0.9 

«  c 

0  a 

f  c 

%^ 

ja  ^ 

ji-r 

JO  4 

•o'l 

# 

J3  4 

ji-r 

F^ 

F 

F 

r- 

^? 

r 

IX 

433 

463 

49X 

sax 

5SO 

560 

S89 

619 

M 

433 

463 

491 

sax 

SSO 

S60 

589 

6x9 

13 

433 

463 

491 

sax 

550 

S6o 

589 

619 

X4 

433 

462 

491 

531 

S50 

S6o 

S89 

619 

IS 

433 

462 

49X 

sax 

SSO 

560 

S89 

619 

x6 

433 

462 

491 

Sai 

SSO 

S6o 

589 

619 

17 

433 

462 

491 

521 

SSO 

S6o 

S89 

619 

xS 

433 

462 

49X 

sax 

SSO 

s6o 

589 

6x9 

19 

433 

462 

491 

sax 

SSO 

S6o 

589 

619 

» 

433 

462 

491 

sax 

SSO 

S60 

589 

6x9 

21 

433 

462 

491 

sax 

550 

S6o 

S89 

6x9 

23 

433 

462 

491 

sax 

550 

S6o 

589 

619 

23 

433 

462 

49X 

sar 

550 

S6o 

589 

6x9 

24 

433 

462 

49X 

521 

SSO 

S60 

S89 

619 

2S 

433 

46a 

491 

521 

SSO 

560 

589 

6x9 

aS 

433 

463 

49X 

521 

SSO 

Sfio 

S89 

6x9 

^ 

433 
433 

462 
462 

491 
491 

sax 

550 

560 

589 

619 

« 

520 

512 

S49 
539 

558 
549 

577 

605 

39 

428 

456 

484 

30 

421 

449 

476 

503 

530 

540 

567 

594 

P 

4x4 

441 

468 

494 

521 

S30 

557 

584 

32 

407 

433 

459 

486 

512 

521 

S47 

574 

13 

400 

^ 

451 

477 

S03 

512 

S37 

563 

M 

393 

4x8 

443 

469 

494 

502 

Sa7 

553 

35 

386 

4" 

435 

460 

485 

493 

S18 

543 

.\Ra,sqin 

3330 

35. S5 

37.80 

40.QS 

4a. 30 

43.08 

4533 

47.58 

/M.ia* 

1^433 

X564 

1707 

X8S3 

1999 

2014 

2  164 

2  3x6 

"i-i^in 

6  54 

6.63 

6.72 

6.80 

6.87 

6.84 

6.91 

6.98 

'M.in* 

1069 

I  130 

V?? 

X25I 

X312 

X33a 

X393 

X4S3 

ff-bva 

S.67 

S.64 

559 

557 

S.56 

S.S4 

5. S3 

Weight, 

b  per  lin  ft.. 

III. 9 

119. 6 

127.2 

134.9 

142. 5 

X46.5 

154.2. 

16x8 

'     Ssfebad-i 

ralaes  ab 

ove  the 

heavy  line  are  for  ratios  of  l/r  no 

t  over  6c 

;  those 

bebw  the  he 

avy  line 

are  for  rs 

'  Fms  Pocket  Compani 


lion,  19x5  Edition,  Carnegie  Steel  Company,  Pitteburgh,  Pa. 

Digitized  by  VjOOQIC 
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Table  XXVn 

*  (Continued). 

Safe  Loads  in  Units  of 

I  000  Ponndfl  for  15-Inej 

i[?^m^«ti>i_<^^^mn^i^ 

r^T-k 

re  inch: 

f^ 

\, 

W 

Allowable  fiber-stress  per  squa 

[3  000  pounds  for 

_ii!'_. 

lengths  of  60  radii  or  under 

ii  L 

.J_-. 

\        Reduced  for  lengths  over  60  mdii.  by  Formula  (13), 

1 

1 

5-19000- 

lool/r 

iA 

— 1 — 

^ 

Weights  do  not  include  rivet-heads  or  c 

1 

yther  details 

!^«J2     V 

!*-"18- ^ 

Effective 
length. 

Two  ij-in  channels,  two  i8-in  plates 

II 

h 

H 

0  c 

II 

"  c 

|5 
si 

Jl 

0.5 

|i 

IT 

fj 

if 

:2^ 

4- 

IX 

648 

677 

686 

71S 

745 

774 

803 

832 

13 

648 

677 

686 

715 

745 

774 

803 

832 

13 

648 

677 

686 

71s 

745 

774 

803 

8.U 

14 

648 

677 

686 

71S 

745 

774 

80J 

832 

15 

648 

677 

.686 

71S 

745 

774 

803  1    832 

i6 

648 

677 

686 

715 

745 

774 

803     1       8.W 

17 

648 

677 

686 

715 

745 

774 

803 

fi^ 

iS 

648 

677 

686 

71S 

745 

774 

8q3 

842 

19 

^ 

677 

686 

71S 

745 

774 

«03 

832 

ao 

648 

677 

686 

715 

745 

774 

803          832 

31 

648 

677 

686 

715 

745 

774 

803    1      832 

22 

^! 

677 

686 

715 

745 

774 

803    1      832 

23 

648 

677 

686 

715 

745 

774 

803           832 

24 

648 

677 

686 

715 

745 

774 

803           832 

25 

648 

677 

686 

715 

745 

774 

803 

832 

36 

648 

677 

686 

715 

745 

774 

803 

832 

27 
38 

648 

677 

686 

715 

745 

774 

803 

aj2 

643 

671 

^ 

708 

73* 

7«4 

793 

ft2l     ' 

29 

632 

660 

668 

696 

723 

751 

779 

807 

30 

621 

649 

657 

684 

711 

738 

7«6 

793 

31 

610 

637 

645 

672 

698 

725 

752 

779 

32 

599 

626 

634 

660 

685 

712 

738 

764 

33 

589 

615 

622 

648 

673 

725 

750 

34 

578 

603 

610 

636 

660 

68^ 

1^ 

736 

35 

567 

592 

599 

624 

648 

672 

722 

Area,  sq  in 

49 

83 
*7o 

52.08 

52.77 

55-02 

57.  a? 

5952 

61.77  1     64.02 

h-uin* 

3 

3627 

2525 

~2  68r 

2841 

300a 

3  166         J  \\2 

'w.»n 

7.04 

7.10 

6  92 

698 

7.04 

7.10 

7  16 

7.21 

/M.in« 

I  514 

1575 

1589 

's'^i 

1710 

I  771 

1832 

1892 

rj-?,  m 

WeiRht. 

5. 51 

550 

5. 49 

5.46 

S.45_ 

545 

S  44 

lb  per  lin  ft.. 

169.5 

177. 1 

179-5 

187.1 

194-8 

ao3.4 

2I0.I    1       217  7 

Safe  load-^ 

ralues  above  the  heavy  line  are  for  ratios 

of  l/r  no 

t  over  60:  those 

below  the  heavy  line  are  for  ratios  not  over  iso  l/r 

From  Pocket  Companion,  191$  Edition,  Camcf  ic  Steel  Company,  Pittsbuith,  Pa. 

Digitized  by  VjOOQIC 
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551 
for  is-Iach 


Alto»tW9iiber-»t««9  per  aqiuttv  inch:  13  000  pound*  for 
'^^o'femdii  or  under 

^^t«^  /or  lengths  over  <io  radii,  by  Formula  (13). 

5—  19000—  xoo//r 
^^hU  do  noe  xndttde  rivets-heads  or  other  detaite 


two  x8-in  plates 


?7' 

871 

900 

900 

J;* 

900 

871 

900 

900 

871 
871 

900 

900 

900 

900 

900 

871 

900 

4^- 

900  _ 

1S7 

sss 

5^^ 

870 

8a8 

sss 

813 

S3^ 

S94 

783 

809 

768 

T93 

754 

7-7» 

3387 
7. II 

1964 
5.4a 


227.7 


a3S 


'- — ^eneavy  Uae  are  for  ratios  oc 


e  are  for  ratios  oot  o^ 


.  _  for  ratios  of  l/r  not  over  60;  those 
"xao  l/r 


^*^'  ^   *  Digitized  by  Google 
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TaUe  XXVn«  (Contiaiied). 


Safe  LoAds  in  Unite  of  i  ooo  PmuuU  for  is-Inc] 
duumol-Columns 


1^. 

i«^" 

_j 

K'-" 

« 

4. 

T>i 

i 

w 

Allowable  fiber-sttess  per  square  inch:  13  ooo  pounds  for 

Lengths  of  60  radii  or  under 

1 

A 

Reduced  for  lengths  over  60  radii,  by  Formula  (13). 

i 

5-19000-xool/r 

i^ 

1 

\k 

WeigfaU  do  not  include  rivet-heads  or  other  details 

iXx».k--ti 



BfFecttve 

Two  X5-in  channela.  two  xS-in  plates 

Is 

II 

•0  63 

n  at 

Is 

•So 

l.:^h. 

•8.9 

1^ 

"^1 

1^ 

T* 

JM 

%i 

%i 

II 

4^ 

1* 

XI 

1046 

I07S 

ixos 

1x34 

XI63 

X  222 

1280 

X3 

1046 

1075 

1105 

1x34 

X  X63 

1222 

1280 

13 

1046 

I  07s 

I  lOS 

1 134 

X  163 

X  222 

1280 

14 

1046 

I07S 

II05 

1 134 

I  163 

1222 

1280 

IS 

I  046 

1075 

iios 

1 134 

X 163 

1222 

1280 

i6 

I   046 

1075 

XIOS 

X134 

X  163 

I  232 

1280 

17 

1046 

1075 

lios 

1 134 

I  163 

1222 

1280 

l8 

1046 

X07S 

I  105 

rx34 

I  163 

I  222 

1380 

19 

1046 

1075 

IIOS 

11.M 

I  163 

1222 

1280 

20 

I  046 

1075 

IIOS 

X134 

I  163 

I  222 

1380 

ax 

1046 

1075 

1105 

X134 

I  163 

X  222 

X280 

22 

X046 

1075 

XIOS 

X134 

I  X63 

X  222 

X280 

23 

1046 

X07S 

IIOS 

X134 

X  163 

X  222 

X28o 

24 

1046 

X07S 

IIOS 

X134 

I  163 

X  222 

X280 

as 

I  046 

1075 

XIOS 

X  134 

X  163 

X222 

X  260 

26 

27 

1046 

1075 

IIOS 

1 134 

I  163 

I  222 

1280 

1044 

1073 

iioa 

1x31 

IXS9 

12X6 

1275 

28 

1026 

X054 

1083 

1 112 

X139 

I  195 

I2S3 

29 

1009 

I  036 

1064 

1092 

I  119 

XI74 

I  231 

3D 

991 

I  017 

1045 

1 073    1    1 099 

I  153 

I  208 

31 

973 

^ 

1026 

ro53    !    X079 

1132 

I  186 

33 

955 

^ 

X007 

1034 

1059 

I  III 

I  164 

33 

937 

962 

s 

I  014 

X039 

I  090 

I  142 

34 

919 

943 

969 

995 

X019 

I  069 

I  I30 

35 

901 

92s 

950 

975 

999 

1048 

1098 

Area,  sq  in 

80.48 

82.73 

84.98 

87.23 

89.48 

93.98 

98.48 

/i-i,in« 

4436 

4619 

480S 

4994 

SX8S 

5  575 

5976 

ri-i,  in 

7.42 

7.47 

7-52 

7.57 

7.6x 

7.70 

7.79 

/«-!•  in* 

2329 

2389 

2450 

2  SIX 

2  572 

2693 

3  815 

rw.in 5.38 

5. 37 

S.37 

5  37 

S.36 

•535 

535 

Weight. 
Ibpcriinft...      2736 

281.3 

288.9 

296.6 

304.2 

3195 

334.8 

Safe  load-values  abo 

ve  the  heavy  line  are  for  ratios  of  l/r  not  over  60;  those 

below  the  heavy  line  ai 

e  for  ratios  not  over  lao  l/r 

'  From  PQgl^et  Compaiiign,  (915  Edition,  Canwgi^  Sted  Coin(iaoy.  Pittiboisb»  Fa. 


y  Google 
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DiMe  XXVn*  (ContiiiiMd).    Stde  Loads  in  Unite  of  i  ooo  PouiuU  for  is-lnck 


J.         |«      A 

:  13  000  pounds  for 
Formula  (13). 

r  other  details 

\ 

1 

f 

Allofwable  fiber«tre88  per  square  inch 

lengths  of  60  radii  or  under 

Reduced  for  lengths  over  60  radii,  by 

5-19000—  ioo//r 

Weights  do  not  include  rivet-heads  oi 

y 

' 

1 

■^    ij— ^ 

Eflfcctive 
lensth. 

Two 

i5-in  channels 

Two  is-in,  45-lb  channels 

3S 

lb 

4Slb 

^     8 

txSf 

S     8 

|8f' 

zx 

13 
13 
M 
IS 

i6 
17 
i8 
19 

30 

21 
23 

23 
34 

as 

36 

1340 
1340 
1340 
1340 
1340 

1340 
1340 
1340 
1340 
1340 

1340 
1340 
1340 
1340 
1340 

1340 

1408 

1408 
X408 
1408 

1408 
1408 
140S 

1408 

1408 

1406 
1408 
I  408 
1408 
Z408 

1408 

1455 
14«S 
1455 
1485 
148S 

1485 
1485 
148s 
1485 
1485 

1485 
1485 
I  48s 
148s 
I  48s 

148S 

1547 
1547 
1547 
IS47 
1547 

1547 
1547 
1547 
1547 
X547 

1547 
1547 
1547 
1547 
1547 

1547 
1547 
1547 
1547 

I  612 

1612 

16x2 
1 612 

I  6X3 

I  612 

1  6X2 

X  6x2 

X6l2 
X6X2 

1  6X3 

1 612 
16x2 

X6l3 

1613 

I  6X3 
1  6X3 

1613 

I  6X3 

1677 
1677 
1677 
1677 
X677 

1677 
1677 
1677 
1677 
1677 

1677 
1677 
X677 
T677 
1677 

1677 

1677 
1677 

174a 
174a 
174a 
174a 
174a 

174a 
1742 
1742 
1742 
1742 

1743 
1742 
1742 
1742 
1742 

1742 
1742 
1742 
1742 

29 

1331 

1384 
I  361 

1338 
1314 

IZ 

1I4S 

1% 

X344 
1320 

1395 
I  270 
1346 

I33Z 
I  197 

1465 
1439 
I  413 
I3»7 

1361 
1335 
1309 
1283 
I  357 

90 

31 
3a 
33 
34 
IS 

1543 

1519 
1495 
1471 
1447 
1424 

1607 

1583 
1557 

X532 

^  1507 
1482 

X67O 

1540 

1735 

1654 
X  627 
I  600 

Area,  sq  in 

103.08 

108.33 

114.23 

118.98 

X33.98 

X28.98 

133.98 

/win* 

ri-i,in 

/>^in* 

rt^va 

3919 
S.32 

6  123 
752 

3021 
S.38 

6333 
5.25 

6397 
7.33 

4340 
5.97 

404. 5 

6843 

7.43 
5.96 

7300 
7.52 
4573 

595 

7769 
7.61 

4740 
5  95 

455.5 

Weight, 
lb  per  lin  ft.. 

3S0.S 

368.4 

388.4 

421  5 

4385 

1      Safe  load-values  abo 
[  bdow  the  heavy  line  ai 

7e  the  heavy  line  ai 
■e  for  ratios  not  over 

■e  for  ratios  of  l/r  r 
120  l/r 

lot  over  6 

0;  those 

*  From  Pocket  Companioa,  19x5  Editioo,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 

Digitized  by  VjOOQIC 
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Tulile  XXVn*  (C«pd«ded).    8M9  LMdi  ia  VmHB  of  i  ooo  Fonnda  fof  is-Incb 


J,       '     A. 

t"^ 

rrr 

2^F      Allowable  fiber-stress  per  square  inch:  13  000  pounds  for 

:    ^ 

>  < 

)-•       lengths  of  60  radii  or  under 

*A    i_. 

J 

l_        Reduced  for  lengths  over  60  radii,  by  Fonnula  (13) , 

•^       j_. 

5 -19000- 100 //r 

■U 

M 

K 

Weights  do  not  include  rivet-heads  or  other  details 

V-  ■ii— ^ 

Effective 
.ength. 

Two  15-in.  45-lb  channels 

fefe 

1* 

lib 

Ml 

S   t 

#1^ 

U- 

4x^x 

ixlx 

|51x 

CI 

l^r^ 

l^p 

i^^"^ 

i\rs 

« 

M          " 

N        " 

« 

ct      ** 

« 

ZI 

i«07 

I   873 

1937 

2003 

2067 

2132 

13 

i«07 

I  873 

1937 

2002 

2067 

2132 

13 

1807 

1  873 

1  937 

2  003 

3067 

2132 

14 

i«07 

I   873 

1937 

2002 

2067 

3132 

15 

1807 

I  873 

1937 

2  002 

2067 

2132 

i6 

1807 

1873 

1937 

2003 

2067 

2133 

17 

1807 

1873 

1937 

3002 

2067 

3132 

I8 

1807 

1873 

I  937 

3003 

2067 

3132 

19 

1807 

1873 

1937 

30O3 

2067 

3132 

30 

1807 

1873 

1937 

30O3 

2067 

2132 

31 

1807 

1873 

1937 

2002 

2067 

2132 

32 

1807 

1  872 

1937 

3002 

2067 

2132 

23 

1807 

I  873 

1937 

3002 

2067 

3132 

24 

1807 

1873 

1937 

2002 

2067 

3132 

25 

1807 

1873 

1937 

2002 

2067 

3  133 

36 

1807 

187a 

1937 

3002 

2067 

2  132 

27 

.    1807 

I  873 

1937 

20Q3 

2067 

3  132 

38 

1807 

1873 

1937 

3002 

2067 

2132 

29 

30 

1807 

1872 

19.17 

2002 

2067 

3132 

179* 

,«, 

1926 

1991 

2  054 

3  118 

31 

I7T0 

1834 

1896 

i960 

2  032 

208s 

32 

I  742 

1770 

1866 

1  9^ 

1989 

2053 

.U 

I  714 

1836 

{866 

1957 

3  019 

« 

1686 

1.747 

1806 

1  925 

I  98s 

35 

I 

1658 

1718 

1775 
148.98 

1835 

1893 

I  952 

Area,  sq  in 

38.98~ 

143.98 

153.98 

IS8.98 

163.98     1 

A-i.  in* 

8  2Si~ 

8"744~ 

9  251 

~~  '9770" 

10  301 

10846 

Ci-i-!" 

7.70 

7.79 

7.88 

7.97 

8.05 

8.13 

/»-..in« 

4907 

S073 

5240 

S407 

5  573 

5740 

rt-t.  in. 
"Weight 

5.94 

5.94 

__  5.93 

5.93 

5  92 

S.92 

lb  per  lin  ft.. 

472.  s 

489.S 

S06.S 

5235 

5405 

SS7S 

Safe  load- values  above  the  heavy  line  are  for  ratios  of  l/r  not  over  60:  those 

below  the  heavy  line  are  for  ratios  not  over  120  l/r 

*  From  Pocket  Compftoioa,  19x5  fiditiom.  Carnegie  Steel  Comptuv.  Pittsburgh.  Pa. 
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CHAPTER  XV 

STRENGTH   OF   BEAMS  AND  BEAM   GIBDEBS.    FRAM- 
ING AND  CONNECTING  STEEL  BEAMS 

By 
CHARLES  P.  WARREN 

ASSISTANT  PROFESSOR  OF  ARCHITECTURE,  COLUMBIA  UNIVERSITY 

1.   Genera)  Prind^M  of  the  Fleiure  of  Beanos 

DefinitionB.  A  structural  member  place4  in  a  generaliy  horizontal  position 
upon  two  or  more  supports  or  projecting  from  some  other  construction  is  called 
a  BEAM.  A  GIRDER  is  a  beam  carrying  smaller  or  secondary  beams.  A  canti- 
lever BEAM  is  a  beam  supported  at  the  middle,  or  having  one  end  fixed,  as  in  a 
wall,  and  the  other  end  free;  or  it  is  the  part  of  a  beam  which  overhangs,  or 
projects,  beyond  a  support.  A  simple  beam  is  one  which  rests  upon  two  sup- 
ports, one  at  each  end.  A  continuous  beam  re&ts  upon  more  than  two  supports. 
The  distance  between  the  supports  of  a  simple  beam,  or,  when  so  specially  desig- 
nated fTom  center  to  center  of  the  bearings,  is  the  span.  It  is  usually  designated 
by  /.  The  loads  on  beams  are  either  uniformly  distributed  or  concen- 
IR\TED.  A  uniformly  distributed  or  uniform  load  includes  the  weight  of  the 
beam  itself  and  any  load  spread  evenly  over  it,  such  as  the  weight  of  a  wall. 
Tniform  loads  are  estimated  by  their  intensity  per  unit  of  length  of  the  beam, 
in  pouzids  per  linear  foot.  A  uniform  load  per  linear  foot  is  represented  by  w, 
and  the  total  uniform  load  by  wl  orW.  A  concentrated  load  is  a  single  applied 
weight,  such  as  a  column  and  its  load,  or  the  load  from  another  beam,  and  is 
designated  by  P. 

Stresses  and  Def  onnationB.  A  load  on  a  simple  beam  causes  the  fibers  to 
bend  or  deflect,  and  eventually  to  break  across,  or  in  other  words,  a  load  induces 
IRANSVEBSE  oT  VLEXUR^vL  STRESSES  in  the  fibers.  Since  it  is  impossible  to  bend 
or  dcdect  a  simple  beam  without  causing  a  shortening  of  the  fibers  on  the  upper 
or  concave  side  and  an  elongation  of  the  fibers  on  the  lower  or  convex  side,  a 
load  on  a  beam  causes  compression  in  the  upper  fibers  and  tension  in  the 
lower  fibers,  while  between  the  two  there  is  a  neutral  layer  or  surface  of  fibers 
which  is  unchanged  in  length  and  which  is  called  the  neutral  surface  of  the 
beam.  In  a  cantilever  beam  the  reverse  is  the  case,  the  upper  fibers  being 
in  tensioD  and  the  lower  ones  in  compression. 

Laws  Datemiaed  by  Szperimant.  From  experiments  it  has  been  found 
that  the  amount  of  elongation  or  shortening  of  any  fiber  is  directly  propor- 
tioDal  to  its  dbtance  from  the  neutral  surface  of  a  beam;  hence,  if  the  elastic 
umit  is  not  exceeded,  the  stresses,  also,  are  proportional  to  their  distances  from 
this  neutral  surface.  The  trace  of  the  neutral  suHace  on  a  cross-section  of  a 
beam  is  called  the  neutr.\l  axis  of  the  cross-section.  Within  the  elastic 
limit  of  a  material  the  neutral  surface  passes  through  the  centers  of  gravity 
of  the  cross-sections  of  a  beam  for  all  materials. 

Bendimg  Mosients  aad  Resisting  Moments.*  To  determine  the  strength 
of  any  beam  to  resist  the  effects  of  any  load  or  series  of  loads,  two  things  must 


*  See,  also,  Chapter  IX,  pages  334  and  325. 
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be  determined:  first,  the  moment  or  moments  of  the  external  destructive  force 
or  forces  tending  to  bend  and  break  the  beam,  which  b  called  the  uaximum 
BENDING  moment;  and,  secondly,  the  moments  of  the  combined  resistances  of 
all  the  fibers  in  the  dangerous  section  of  the  beam  to  being  broken,  which, 
in  their  summation,  are  called  the  moment  of  resistance  or  the  resisting 

MOMENT. 

The  Methods  of  Finding  the  Bending  Moments  for  any  load  or  series 
of  loads  are  explained  in  Chapter  IX.  The  moment  of  resistance  is  equal  to 
the  SECTION-MODULUS  or  SECTION-FACTOR,  denoted  by  //r,  multiplied  by  the 
unit  stress  on  the  outermost  fiber  of  the  material,  denoted  by  S,  and  it  equals 
the  bending  moment. 
Hence  M '  Sl/c  (i) 

This  is  known  as  the  flexure-formula  and  it  is  the  fundamental  formula  for 
designing  beams.  Formulas  for  finding  the  section-moduli  of  common  shapes 
are  given  in  Chapter  X,  and  the  values  of  I/c  or  the  section-moduli  of  the 
standard  rolled  shapes,  are  given  in  the  tables  in  the  same  chapter. 

The  Coefficient  of  Strength,*  sometimes  given  in  tables  of  steel  beams,  is 
the  maximum  distributed  load  that  a  beam  of  one  foot  span  would  support 
without  producing  a  fiber-stress  exceeding  the  safe  limit,  generally  16000  lb 
per  sq  in.  As  the  strength  of  a  beam  varies  inversely  as  its  span,  the  safe  load 
for  any  span  may  be  obtained  by  dividing  this  coefficient  by  the  span  in  feet. 

Factors  of  Safety.    In  order  that  a  bea/n  sliall  just  be  able  to  carry  a  load 

and  not  break,  that  condition  of  equilibrium  must  exist,  in  which  the  miixi- 

mum  bending  moment  in  the  beam  is  equal  to  the  section-modulus  multiplied 

by  the  ultimate  strength  of  the  material.    In  order  that  a  beam  may  be 

abundantly  safe  to  carry  a  given  load,  the  product  of  the  section-modulus  by 

the  ultimate  strength  of  the  material  must  be  several  times  greater  than  the 

maximum  bending  moment;  and  the  ratio  which  this  product  bears  to  the 

maximum  bending  moment,  or  which  the  breaking-load  bears  to  the  safe 

LOAD,  is  known  as  the  factor  of  safety,  that  is, 

^  ,     ,  ultimate  strength 

Factor  of  safety  =  — 

working  stress 

tntimAte  Strengths  and  Safe  Fiber-Stresses.  By  the  strength  of  tbe 
material  is  meant  a  certain  constant  quantity  which  is  determined  by  experi- 
ment, and  which  is  known  as  the  ultimate  breaking  strength.  This 
value  is  of  course  diflFerent  for  each  material.  Table  I  gives  the  values  of  this 
constant  divided  by  the  factor  of  safety,  or  in  other  words,  the  working  stress, 
for  most  of  the  materials  used  in  building-construction.  The  section-moduli 
multiplied  by  these  values  will  give  the  safe  resisting  moments  for  the  beams. 
The  values  of  S  in  Table  I  for  steel  are  about  one-fourth  those  of  the  breaking- 
loads;  for  cast  iron,  about  one-sixth;  for  average  specimens  of  wood,  one>sizth; 
and  for  stone  and  concrete,  one- tenth.  The  safe  compressive  strength  of  cast 
iron  for  the  compression <side  of  beams  is  16  000  lb  per  sq  in,  in  the  New  York 
Building  Code.  This  is  considered  too  high  by  some  engineers  and  the  author 
recommends  10  000  lb  per  sq  in.  This  value  has  been  used  in  calculating  the 
safe  loads  for  cast-iron  columns.  (Sec  Chapter  XIV,  page  461.)  The  safe 
loads  for  the  steel  shapes  given  in  the  tables  in  this  chapter  are  all  computed 

*  The  values  for  coefficients  of  strenRth  have  been  omitted  from  most  of  the  tables, 
foltowiog  the  policy  of  some  of  the  latest  handbooka,  as  the  safe  loads  fdr  beams,  for 
example,  can  be  as  readily  determined  from  the  data  of  the  tables  directly,  as  by  the 
process  of  dividing  such  coefficients  by  the  spans.  See,  however,  pages  586  to  591  and 
623  to  6a8. 
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Oft  the  value  of  i6  coo  lb  per  sq  in  for  5,  but  these  full  loads  should  be  used 
wth  catttioa,  and  reduced  when  necessary  to  satisfy  any  unusual  conditions. 
F«r  riveted  steel  girders  14  000  lb  per  sq  in  is  the  value  usually  given  to  5. 


Table  I.    Safe  Unit  Fiber-StreMes,  S.  for  Flexure  of  Beams* 
It  is  to  be  noted  that  these  are  average  values,  especially  those  for  wood 


liaterials 

Values  of 

5, 
lb  per  sq  in 

Materials 

Values  of 

5. 

lb  per  sq  in 

Cast  iron,  tension-side 

Wrought      iron       (rolled 
beams) 

3000 
x6ooo 

13  000 

16000 
14000 

30  000 

700 
800 
800 
800 
900 
600 

X  300 

I3O0 

800 

Redwood.  California 

Short-leaf  yellow  pine 

Spruce 

750 
1000 

700 
X  200 

700 

305 
SO 
30 
180 
145 
las 
no 
400 

JO 
20 
16 
10 

White  oak 

Sleet  (rolled  beams) 

White  pine 

Steel  (riveted  girders,  net 
finnse'-fiection ) . .  ^ . , 

River) 

Steel     (pins,    rivets    and 

Brick  (common) 

bolts) 

Brickwork  (in  cement).... 
(jranite  (average) 

r«Hiar   ,    ,                 .     , ' . 

Cbeetirat 

Limestone  (average) 

Marble  (average) .......... 

CwraHi 

Dou^ais  fir  ,         

Sandstone  (average) 

Slate  (average) 

Ehn               

Hemlock  

Concrete  (Portland)  1:3:4 
Concrete  (Portland)  1:2:5 
Concrete  (natural)  1:2:4... 
Concrete  (natural)  1:2:5.. . 

I>xtist 

IirHig4eaf  yellow  pine 

Sarwa,y  pine 

*  For  a  comparison  of  values  given  in  different  building  laws  see  Table  XVII,  page  648, 
Chapter  XVI.  Compare,  also,  with  Table  XVI,  page  647.  Chapter  XVI.  For  ultimate 
stresses  for  woods,  see  Tables  XVIII  and  XIX.  pages  650  and  651.  Chapter XVI.  For 
sale  kM4is  for  unit  beams,  see  Tables  II  and  III,  page  6a8,  (3iapter  XVI. 

BtmmB  Unsymmetrically  Loaded  or  of  Irregular  Cross-Section.  There 
are  certain  loadings  and  cross-sections  of  beams  that  occur  most  frequently 
in  btiilding-construction,  and  for  which  tables  have  been  worked  out  that  give 
the  safe  loads  directly;  but  for  a  beam  unsymmetrically  loaded,  or  for  a  beam 
of  irregular  cross-section,  it  is  impossible  to  compute  tables  for  strength,  as  in 
each  case  the  values  must  be  computed  by  determining  either  the  section- 
modulus,  I/c,  required  to  resist  the  maximum  bending  moment,  or  the  mari- 
mmn  bending  moment  that  may  be  allowed  for  a  given  value  of  the  section- 
znoduhis. 

(vMiend  Fonnolas  for  Che  Flexure  of  Beams.*  The  general  formula  for 
any  beam  in  a  state  of  flexure  under  any  system  of  loading  is 

Maximum  bending  moment  in  inch-poumds  ^  section-modulus  X  S         (3) 

Mm^^Sr/c  (2)' 

Also 

maximum  bending  moment  in  in-Ib 


Section-modulus  m  ■ 


•  See,  also,  Chapten  DC,  X  and  XVI. 


(3) 
(3)' 
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If  the  bending  moment  is  computed  in  foot-pounds,  these  formulas  becom 

,,    .  ,      ,.  section-modulus  X  5 

Maxunum  bending  moment C-l 

or 

Mnm»^SI/i2c  (4: 

and 

-     .            .  ,         1 2  X  maximum  bending  moment 
Section-modulus (5 

or 

/A-iaAf.„/S  (5) 

By  substituting  for  the  bending  moments  their  values  in  terms  of  the  load 
and  the  spans,  the  following  formulas  which  apply  to  beams  of  any  cross  sect  ioi 
are  readily  deduced. 

t.  Formulas  for  Safe  Loads  for  Beams  for  Different  Conditions 
of  Loading  and  Support 

l/c  -  the  section-modulus; 
5  a  the  safe  unit  fiber-stress  in  pounds  per  square  inch; 
W  -  the  total  uniform  load  in  pounds; 
P  »  the  concentrated  load  in  pounds; 
/  -  the  span  in  feet. 

Values  of  I/c  for  the  various  shapes  and  sizes  of  structural-steel  shapes  arc 
given  in  the  tables  of  Chapter  X. 

Case  I 
Beam  Fixed  at  One  End  and  Loaded  with  a  Concentrated  Load  P.  If  ear  the  Pree 

End  (Fig.  1). 
From  Formula  (4)', 

M^^  SI/ 12  c 
From  Case  I,  Chapter  DC, 
M^  -  PI 
Hence 

PI  ^  SI/12  c 

and  the  safe  load  in  pounds  is 

P^  SI /lid  (6) 

Fig.  1.    Cantflcvcr  Beam.    Load    and  the  section-modulus  is 

near  Free  End  ,,  _,,„  ^^   , 

I/c  12  Pl/S  (6)' 

Example  i.  A  steel  T  bar  is  fixed  at  one  end  in  a  brick  wall,  and  loaded  at 
the  other  end  with  600  lb,  the  distance  /  being  4  ft.  What  is  the  size  of  the  bar 
required  to  support  the  load  with  safety?  (In  all  examples  the  weights  of  the 
beams  are  neglected,  unless  [particularly  mentioned.) 

Solution,  .\llowing  16  000  lb  per  sq  in  for  the  value  of  5,  Formula  (6)'  givw 
//f  -  (i2X6ooX4)/i6ooo-  1.8 

The  next  step  is  to  ascertain  what  T  bar  has  a  section-modulus  equal  to  1.8. 
In  Table  XIV,  page  369,  the  nearest  section- modulus  to  this  is  1.9,  corresxv>od- 
ing  to  a  3  by  4  by  H-in  T  bar. 

For  an  I  beam,  by  Table  IV,  page  3S5.  I/c  -■  18,  the  same  as  for  the  T  bar, 
and  calls  for  a  3-io  6.5-lb  I  beam. 
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Case  n 

Bcsm  Fixed  at  One  Bnd  and  Loaded  with  a  Unifonnly  Distributed  Load  W 

(Kf.  1). 


w/m^ 


"/'/ 


-l- 


i?r 


From  Formula  (4)' 
From  Case  11,  Chapter  IX, 

Jf«,  -  W\l2 

Hence 

Pf7/2-5//l2C 

aod  the  safe  load  in  pounds  is 
azid 

Szample  a. 

tUever  steel  I  beam  required  to  carry  a  uniformly  distributed  load  of  150  lb  per 
ft  over  a  length  of  6  ft? 

IF  -  iSoX  6  «  900  lb.    Substituting  in  formula  (7)', 
6  X  900  X  6 


(7) 


(7)'    Fig.    2.     Cantilever    Beam.     Dis- 
.       ,  ,  tributed  Load  over  Entire  Span 

What   IS   the   size  of  a  can- 


/A- 


16000 


'  2.25 


In  Table  IV,  page  355.  the  nearest  section-modulus  to  this  is  1.9,  which  is 
that  of  a  3-in  7-S-lb  beam,  the  heaviest  of  that  depth.  However,  as  the 
lightest  4-in  beam,  also,  weighs  7.5  lb  per  ft  it  probably  would  be  selected  be- 
cause of  its  greater  stiffness,  although  its  section-modulus  is  3,  still  greater 
than  required. 

Case  m 

Beam  Sapported  at  Both  Bads  and  Loaded  with  a  Concentrated  Load  at  the 
Middle  (Flf.  a). 

^  From  Formula  (4)' 

i/-M-5//i2<r 

From  Case  IV,  Chapter  IX, 
A/«..  -  P//4 

Hence 

P//4-5//12C 

and  the  safe  load  in  pounds  is 
P-5//3C/        (8) 
and 

l/c^^Pl/S       (8)' 
3.    What  steel  I  beam  will  safely  support  a  concentrated  load  of 
7  tons  applied  at  the  middle  of  a  15-ft  span? 

P>  7  tons—  14 000  lb.    Substituting  in  formula  (8)', 


¥\^  t.    Smoplc  Beam.    Load  at  Middle  of  Span 


l/c- 


3  X  14  OOP  X  IS 
16000 


39-3 


Rcfeniaf  again  to  Table  IV,  page  ^%i^  it  is  seen  that  a  la-in  ^-Ib  1 
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a  section-modulus  of  38,  while  a  12-in  40-lb  beam,  the  next  larger  size,  has 
section-modulus  of  44.8.    The  35-lb  beam,  however,  would  undoubtedly 
safe. 

Cas*  IV 

Beun  Sopported  at  Both  Bads  and  Loftded  with  a  Unifonnly  Distrilmted  Lo 
(Fig.  4). 


Fig.  4.    Simple  Beam.    Distributed  Load  over  Entire  Span 
From  Formula  (4)' 


Wl/S^SI/i2c 

I/c^sWl/2S  (c 

Bzample  4.    What  steel  I  beam  will  safely  carry  a  uniformly  distributed  \oi 
of  I  000  lb  per  ft  over  a  span  of  25  ft? 
Solution.    W^  vd^  I  000  X  25  -  25  000  lb.    Substituting  in  Formula  (9)' 
3X  2SOOOX  25 


From  Case  V,  Chapter  IX, 

Hence 

and  the  safe  load  in  pounds  is 

and 


I/c 


-58-6 


2X  x6ooo 

From  Table  IV,  page  354,  the  nearest  section-modulus  is  58.9,  which  is  that 
a  1 5 -in  42-lb  beam. 

Cam  V 

Beam  Supported  at  Both  Bnds  and  Loaded  with  a  Distributed  Load  Orer  a  Pt 
of  the  Span  (Fig.  0). 


FSg.  6.    Simple  Beam.    Distributed  Load  over  Part  of  Span 

In  this  case  the  load  is  generally  given,  and  the  problem  is  to  determine  tl 
lise  of  the  required  beam.    This  can  be  done  accurately  only  by  computii 
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ta  maT;rwiiTw  bending  moment  as  explained  for  Case  VIII,  Chapter  IX,  and 
-Ki»ituting  the  value  thus  found  in  Formulas  (3)'  or  (5)'. 

Eample  5.  What  steel  I  beam  will  safely  carry  a  uniformly  distributed  load 
01 1 2QO  lb  per  ft  over  part  of  the  span,  beginning  at  a  point  5  ft  from  the  left 
rookm  and  extending  over  a  distance  of  6  ft,  the  span  of  the  beam  being  18  ft? 

Sointioii.  The  first  step  is  to  find  the  point  of  maximum  bending  moment, 
vach  b  the  point  of  no  shear.  Obviously  the  maximum  shear  is  just  at  the 
rdt  of  the  reaction  nearest  the  load,  which  in  this  case  is  the  left  reaction. 
'j  dnd  the  left  reaction  (see  Chapter  IX,  page  324)  the  center  of  moments 
:•  taken  at  the  right  reaction  and  the  equation  of  moments  is  ^Ri  X  x8  ft  - 

Molbx6ft)Xioft-o.  18  iRi  =  72  000  and /fi  -  4  000  lb.  The  shear  just 
£  the  right  of  R\  Is  therefore  +4  000  lb  which,  if  the  weight  of  the  beam  itself 
'^  :»t  considered,  remains  unchanged  for  every  section  of  the  beam  between  the 
Irft  reaction  and  the  uniformly  distributed  load  of  i  200  lb  per  ft.  From  there 
GG  in  passing  to  the  right,  the  shear  is  diminished  at  the  rate  of  x  200  lb  per  ft; 
^  it  becomes  zero,  therefore,  at  a  point  4  000  Ib/i  200  lb  per  ft  =■  3.3  ft  to 
tiie  right  of  the  s-ft  point.  Hence  the  point  of  no  shear  and  consequently  the 
point  of  maximum  bending  moment  is  at  5  ft  +  3-3  ft,  or  8.3  ft,  from  the  left  end. 
rbe  equation  for  the  maximum  bending  moment  at  this  point  is,  therefore, 

M^  -  4  000  lb  X  8.3  ft  -  (i  200  lb  X  3.3  ft)  X  3.3/2  ft 

=  33  200  ft-lb  -  6  574  ft-lb  =  26  626  ft-lb,  or  319  512  in-lb 

From  Formula.  (3),  //c  »  319  512  in-lb/i6  000  lb  per  sq  in  =  20.  From  Table 
IV.  page  355,  the  nearest  section-modulus  corresponding  to  this  is  204,  that 
••^  a  9-in  25-lb  beam.  A  lo-in  25 -lb  beam,  however,  being  stronger  and  stiff er, 
voold  probably  be  used.  The  lo-in  22  lb  beam  is  what  is  termed  a  sxtpvle- 
VENiARY  BEAM.     (See  page  253.) 

Case  VI 

Betm  Supported  at  Both  Ends  and  Loaded  with  a  Concentrated  Load,  not  at 
the  Middle  (Fig.  $). 


1 


Fig.  0.    Simple  Beam.    Concentrated  Load  at  any  Point 
From  Formula  (4)', 


M^"  SI/12  c 

From  Case  VI,  Chapter  IX, 

Mn^  =  Pmn/l 

Hrnce 

Pmn/l «  SI /12  c 

M  the  safe  load  in  pounds  is 

P^Sn/iicmn 

and 

I/c  12  Pmn/lS 

R.  >i  and  /  being  in  feet. 
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Bzmnple  6.  A  steel  I  beam  20  ft  in  span  is  to  support  a  concentcated  load  ol 
24  000  lb  at  a  distance  of  6  ft  from  the  left  support.  What  must  be  the  size 
and  weight  of  the  beam? 

Soltttian.  In  this  case  ^  »  24  000  lb,  /  ».  20  ft,  m  «■  6  ft,  «  «  14  ft  and  5  » 
16  000  lb  per  sq  in. 

Then  formula  (lo)'  gives 

,,       12x24000x6X14 

I  c — =  75.6 

20X16000 

Table  IV,  page  354,  the  nearest  value  for  the  section-modulus  Ijc  lor  axis 
i-i  is  above  75.6,  or  81.2  for  a  15-in  60-lb  beam.  An  i8in  55-lb  beam  haviix;; 
a  sect  ion- modulus  of  88.4  would  be  uscd^  unless  conditions  6x  the  head-room, 
as  it  weighs  s  lb  per  ft  less,  and  being  deeper  is  consequently  stiffer. 


Case  VU 

Beam  Supported  at  Both  Ends  and  Loaded  Symmetrically  with  Two  Equal 
Concent^ted  Loads  (Fig.  7). 


X. 


Fig.  7.    Simple  Beam. 


Equal  Coaceatrated  Loads  Symmctricailly  Placed 


From  Formula  (4)'  and  Case  VII,  Chapter  IX,  each  of  the  safe  loads  in  pounds 
is  P»SI/i2cm  (in 

and 

I/c^  12  Pm/S  (n)' 

Example  7.  A  12-in  steel  channel,  12  ft  in  span,  supports  half  the  loads  of 
two  lo-in  beams  4  ft  from  each  end.  Each  beam  is  designed  to  carry  16  000  lb. 
What  is  the  size  and  the  weight  of  the  channel  required? 

Solution.  The  channel  supports  only  one-half  the  load  on  each  beam;  hence, 
P  =  8  000  lb,  m  a  4  ft,  5 «»  16  000  lb  per  sq  in,  and  by  Formula  (11)', 

,,       12x8000x4 

I/c «  24. 

16000 

which  is  the  section-modulus  ol  a   12-ui  25-lb  channel.    (See  Table  VI IT. 
page  359) 

Weights  of  Beami  in  Flezur«-Formuhls-  It  will  be  noticed  that  in  fi>r 
mulas  (11)  and  (11)'  the  span  of  the  beam  is  not  taken  into  account,  and  if  tbt* 
beam  itself  had  no  weight  there  would  be  no  difference  in  the  flbc^-stre^'<•'> 
no  matter  how  far  apart  the  loads  P  were  placed.  In  reality,  however,  stctrl 
beams  have  considerable  weight,  and  to  be  absokitcly  correct  an  examt^le  such 
as  the  one  above  should  include  the  weight  of  the  beam,  which  wou'd,  of  course 
be  a  uniformly  distributed  load.  The  maximum  bending  moment  of  the  beam 
can  be  found  graphically  as  explained  on  page  329,  and  the  value  of  I/c  com 
puted  by  Formulas  (3)'  or  (5)'.  Where,  however,  the  loads  are  spaced  so  a< 
to  divide  the  beam  into  three  equa(  parts,  as  in  the  last  example,  one-third  ol 
the  weight  of  the  beam  may  be  added  to  P  with  sufficienta^curacv.    Thus,  the 
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ivdght  of  tbe  channel  in  the  above  example  between  the  supports  would  be 
35  lb  X  xa,  or  300  lb,  and  P  would  be  8  xoo  lb,  which  would  give  a  value  for 
lie  of  24. 1.  The  factor  of  safety  in  the  loads  allowed  is  generally  large  enough 
to  offset  the  slight  effect  produced  by  the  weight  of  the  beam;  but  if  the  full 
load  assumed  is  likely  to  be  imposed  on  the  beam,  then  allowance  must  be  made 
for  the  weight  of  the  beam  itself. 

Case  Vm 

Beam  Sapported  at  Both  Buds  and  Loaded  Symmetrloally  with  Several  Coft« 
ccotrated  Loads  (Fig.  8). 

In  this  ca<se  it  is  necessary  to  compute  the  maximum  bending  moment  in  the 
beam  and  proportion  the  beam  by  Formulas  (3)'  or  (5)'. 

Bxampie  8.  A  steel-beam  girder  is  to  be  designed  to  support  a  brick  wall, 
16  in  thick  and  weighing  138000  lb,  over  an  opening  22  ft  wide.  The  girder 
must  also  support  the  ends  , 

of     four    lo-in    floor-beams  1^  »sa— — ~.- 1 »j 

spaced   as  in  Fig.  8,  each      "7j  ■  ■  ■    — !^, 

beam   carrying    16  000   lb.      -^  ^  nT  Hi*  V^      T" 

What  is  the  size  and  weight  |  U  1 1  U  ||  { 

of  the  girder  required.^*  k-***-'+ — ^•^■•^^.-^ — ^.J)^.^^ 


The    first    step    pjg   g.     simple  Beam.    Several  Concentrated  Loads 
is  to  make  an  allowance  for  Symmetrically  Placed 

the   weight  of    the    girder. 

The  total  load  on  the  girder  (neglecting  the  weight  of  the  girder  itself)  =  138  000 
lb+  4X  8000  lb  (one-half  the  load  on  each  beam)  -  170000  lb,  or  85  tons. 
As  this  is  much  more  than  the  heaviest  single  rolled  beam  will  carry,  it  will  be 
necessary  to  use  a  pair  of  beams  and  the  load  on  each  beam,  therefore,  will  be 
42.5  tons.  Considering  for  the  present  the  entire  load  as  uniformly  distributed, 
Table  IV,  page  577,  shows  that  to  support  42.5  tons,  or  85  000  lb,  over  a  span 
of  2a  ft  requires  a  24 -in  85 -lb  beam.  The  girder  then  will  weigh  between  sup- 
ports 3X85X22*3  740  lb,  or  about  4  000  lb.  This  added  to  the  weight  of 
the  wall  makes,  for  the  total  distributed  load,  142  000  lb.  The  next  step  is  to 
determine  the  maximum  bending  moment. 

By  the  formulas  given  in  Chapter  IX  the  maximum  bending  moments  for 
the  \-arious  loads  may  be  found  as  follows: 
For  the  wall  and  girder  (Case  V,  page  326), 

,^          32X142000  . 

J/«. ^ =  390  soo  ft-lb 

For  the  beam  B\  (Case  \T,  page  327), 

8000X3HXT8H  ... 

3/1  »„  = 23  S4S  ft-lb 

12 

For  the  beam  Bt  (Case  VI,  page  327), 

8000X8WX13W  .^,. 

Mt^ 41  727  ft-lb 

32 

The  beams  being  spaced  synunetrically  from  the  middle  of  the  span,  the  bend- 
ing moments  for  Bs  and  Ba  will  be  equal  to  those  of  B»  and  B\  respectively. 
Plotting  the  bending  moments  to  a  scale,  in  the  manner  explained  for  Figs.  17 
and  18,  page  330,  the  diagram  shown  in  Fig.  9  is  obtained.  The  greatest  bend- 
ing moment  is  the  ordinate  J/»  which  scales  486  500  ft-lb,  or  5  S38  000  in-lb. 
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Note.  Since  the  loads  are  symmetrically  placed,  this  ordinate  is  over  the 
middle  point  of  the  girder,  but  it  is  drawn  to  one  side  in  the  figure  in  order  not 
to  confuse  it  with  the  ordinate  M,  the  maximum  bending  moment  for  the  uni> 
f ormly  distributed  load.    Substituting  this  value  of  if « in  formula  (3) ', 


I/c 


S  838000  in-lb 
16  000  lb  per  sq  in 


'36s 


the  section-modulus  for  both  beams,  or  182.5  for  one  beam.    From  Table  IV» 
page  354,  it  is  found  that  a  24-in  90-ib  beam  has  a  section-modulus  of  186.5* 

and  two  90-lb  beams  will  just  answer. 
The  assumption  of  a  uniform  distribution 
of  such  a  loading  over  every  foot  of  a 
girder  usually  results  in  the  selection  of 
lighter  beams  than  are  indicated  by  the 
second  solution,  in  which  each  concen- 
trated load  is  considered  as  really  con- 
centrated at  a  point.  The  two  beams 
should  be  securely  bolted  together  with 
separators  near  each  connection  of  beams 
Bi,  B\,  B9,  Bit  and  at  each  end  of  the 
girder. 

A  DOUBLE-BEAU  GisoER,  howcver,  is 
not  considered  the  best  kind  of  girder  to 
use  under  this  condition  of  loading,  as  it  is 
not  good  construction  nor  economical  of 
material.  As  a  general  rule  beam  gir- 
ders should  be  used  only  when  the  loads 
can  be  applied  to  the  upper  flanges  of 
both  beams.  Transferring  a  load  directly 
to  the  web  of  one  beam,  even  though  it 
is  connected  with  the  other  beam  by 
means  of  separators,  does  not  insure  as 
equal  distribution  of  the  loading.  The  author,  therefore,  recommends  in  this 
case  a  riveted  beam  girder  or  a  riveted  plate  girder.  The  method  above 
indicated  applies  to  any  method  of  loading,  the  only  difference  in  the  cal- 
culation being  in  the  determination  of  the  maximum  bending  moments. 

Inclined  Beams.  The  strength  of  beams  inclined  to  the  horizontal  may  be 
computed,  with  sufficient  accuracy  for  most  purposes,  by  using  the  formulas 
given  for  horizontal  beams,  and  taking  the  horizontal  projections  of  the  beams 
as  the  spans. 

S.  Steel  Beams  and  Girders* 

Materials  Used  for  Beams.  Practically  the  only  materials  used  in  struc- 
tural work  for  beams,  at  the  present  day,  are  wood,  steel  and  reinforced  concrete. 
As  wooden  beams  are  always  rectangular  in  cross-section,  the  general  formulas 
used  in  this  chapter  can  be  much  simplified  by  substituting  for  I/c  its  value  in 
terms  of  the  breadth  and  depth  of  the  beam.  Formulas  for  wooden  beantLs  will 
therefore  be  found  in  Chapter  XVI.  Cast  iron,  also,  is  occasionally  used  for 
beams  or  lintels,  but  as  this  material  is  much  stronger  in  resisting  compression 
than  tension,  the  beam  must  be  of  a  special  shape  in  order  to  use  the  material 
to  advantage.    The  strength  of  cast-iron  beams  is  therefore  considered  under 

*  For  the  deflection  of  steel  beams,  see  Chapter  XVm. 


Fig.  9. 


Bending-moment  Diagram  for 
Beam  Shown  in  Fig.  8. 
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a  special  heading  in  Chapter  XVI.    Formulas  for  reinforced-concrete  beams  are 
given  in  Chapter  XXIV,  pages  935  to  940. 

Forms  of  Steel  Beams.  Since  1893,  steel  beams  have  superseded  wrought- 
iron  beams,  and  the  latter  are  now  never  used.  Any  shape  of  rolled  steel  may ' 
be  used  as  a  beam,  but  the  I  shape  is  the  most  economical,  as  it  possesses  the 
greatest  resbtance  for  a  given  weight  of  metal.  Next  to  the  Z  beam,  in  economy, 
is  the  channel,  then  the  deck  beam;  angles  and  tees  are  the  least  economical 
of  an  shapes.  The  following  values  show  the  safe  loads  per  potmd  of  steel,  for 
the  various  shapes,  for  a  lo-ft  span;  the  same  ratio  would  hold  for  other  spans. 

xo-in  I  beam      lo-in  channel      xo-in  deck-beam      4  by  6-in  angle     .  4  by  s-in  tee 
X04  94.6  83.0  a8.7  AZ-6 

The  Deepest  Beams,  the  Strongest,  Stiffest  and  Most  Economical. 
The  STRENGTH  of  a  wooden  or  steel  beam  of  rectangular  cross-section  varies  as 
the  SQUARE  OF  THE  DEPTH,  directly  as  the  breadth  and  inversely  as  the  length, 
and  the  stiffness  varies  directly  as  the  cube  of  the  depth,  directly  as  the 
breadth  and  inversely  as  the  cube  of  its  length;  hence  the  deeper  beam  will 
have  the  greater  strength  and  stiffness  in  proportion  to  its  sectional  area.  With 
I  beams  these  relations  do  not  hold  strictly,  because  of  the  variation  in  the 
forms  of  the  cross-sections,  but  they  are  approximately  true.  It  therefore 
follows  that,  for  any  given  span,  it  is  more  economical  in  floors,  where  other 
conditions  will  permit,  to  use  deep  beams  spaced  farther  apart  or  to  use  one  deep 
l)eam  in  place  of  two  shallower  beams.  Thus  if  a  distributed  load  of  39  tons 
is  to  be  supported  over  a  span  of  x6  ft,  one  30>in  6^-lb  beam,  two  15-in  43-lb 
beams,  or  three  x2-in  40-Ib  beams,  could  be  used;  but  the  3o-in  beam  would 
weigh  only  i  105  lb,  allowing  for  6-in  bearings,  as  compared  with  i  428  lb  for 
the  15-in  beams  and  2  040  lb  for  the  xa-in  beams,  and  the  bolts  and  separators 
would  be  saved. 

Light  and  Heavy  Steel  Beams.  Light  beams  are  more  economical  than 
heavy  beams  of  the  same  depth,  except  when  the  span  is  so  short  that  the 
safe  load  is  governed  by  the  resistance  of  the  web  to  buckling,  in  which  case  the 
heavy  beams  are  the  more  economical. 

Masmnm  Safe  Loads  for  Steel  Beams.  All  loaded  beams  are.  m  general, 
subject  to  three  kinds  of  stresses.  The  most  destructive  are  generally  those 
due  to  the  bending  moments,  and  have  already  been  considered.  The  second 
kinds  are  those  which  tend  to  shear  a  beam,  or  to  make  one  part  slide  on 
the  other  vertically.  (See  paragraph  on  Shearing-Stresses  in  Steel  Beams  and 
Girders,  page  567.)  These  stresses,  however,  seldom  need  to  be  considered 
except  in  the  case  of  riveted  girders  and  short  beams  with  very  thick  webs. 
The  third  kind  of  stress  is  that  which  tends  to  cause  the  web  of  a  beam  to 
bockle:  and  in  a  steel  beam  over  a  span  very  short  in  proportion  to  the 
depth  of  the  beam,  the  resistance  of  the  web  to  buckling  generally  determines 
the  maximum  load  that  the  beam,  without  stiffeners  on  the  web,  will  support. 
(See,  also,  pages  182,  183  and  567.) 

Safe  Loads  for  Steel  Beams.*  To  save  time  in  calculating,  tables  of  safe 
loads  for  structural  and  supplementary  beams  and  channels  used  as  beams 
under  conditions  of  transverse  loading,  have  been  prepared,  which  give  the  uni- 
FOKMLY  DiSTHTBUTED  SAFE  LOADS  in  thousands  of  pounds  for  spans  customary 

*  Part  of  the  matter  of  the  following  paragraphs  relating  to  steel  X  beams  has  been 
adapted,  by  permiaaion,  from  the  Pocket  Compamon,  xgis  Edttbn,  Carnegie  Steel  Com- 
pany, Pittibuxgh,  Pa. 
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in  building-construction.    They  are  based  upon  an  extreme  poier-stress   a 
i6  GOO  lb  per  sq  in  on  the  fibers  farthest  from  the  neutral  surface  of  the  beats 

The  Tablet  of  Safe  l^adt  for  Anglea  and  Teei.  pa^e^  5^^  to  591.  gsvl 
'  the  values  at  the  &ame  fiber-stress  on  spans  of  one  foot,  from  which  the  safe  ioai 
for  any  span-length  may  be  obtained  by  direct  division,  and  also  the  vajues  fci 
those  spans  at  which  the  allowed  safe  load  will  produce  a  deflection  of  Hso  <^ 
the  span-length.  The  loads  in  all  cases  include  the  weight  of  the  beam,  whiil 
should  be  deducted  in  order  to  arrive  at  the  net  load  which  the  beam  will  support] 
For  several  concentrated  loads  or  for  a  combination  of  distributed  and  concei^ 
trated  loads  it  will  be  necessary  to  use  the  methods  previously  explained  undc| 
Case  VIII,  page  563. 

Use  of  Tables  for  Concentrated  Loads.  To  use  any  of  the  following 
tablos  for  concentrated  loads,  find  the  equivalent  distributed  load  by  multil 
plying  the  concentrated  load  by  the  factor  given  in  Table  IV,  page  6ja,  aii<| 
then  use  the  beam  having  a  safe  load  equal  to  the  load  thus  found. 

In  addition  to  the  conversion-factors  in  that  table  the  following,  also,  will  l^ 
found  convenient: 

For  two  Kiual  loads  applied  at  one-third  the  span  from  each  end,  multiply  on^ 
load  by  2W. 

For  two  equal  loads  applied  at  one-fourth  the  span  from  each  end  multiply 
one  load  by  2. 

For  a  beam  fixed  at  one  end,  and  loaded  at  the  other,  multiply  by  8. 

For  a  beam  fixed  at  one  end,  and  uniformly  loaded  over  the  entire  length j 
multiply  by  4. 

Unusual  Conditions  of  Loading  of  Beams.*  It  is  assumed  in  all  ca5<H 
that  the  loatls  are  applied  normal  to  the  axis  i-i  as  shown  in  the  tables  of  thti 
properties  of  sections  in  Chapter  X,  and  that  the  beam  deflects  vertically  in  th  t 
PLANE  OF  BENDLNG  ONLY.  If  the  Conditions  of  loading  involve  the  introdut  1 
tion  of  forces  outside  this  plane  of  loading,  the  allowable  safe  loads  must  \n\ 
determined  from  the  general  theory  of  flexure  in  accordance  with  the  mode  o^ 
application  of  the  bad  and  its  character.  This  applies  particularly  to  unsym^ 
METRICAL  SECTIONS,  such  as  angles,  which  should  be  used  under  those  condi^ 
tions  of  loading  where  the  section  can  deflect  vertically  only,  being  rigidly  sen 
cured  against  lateral  deflfxtion  or  twisting  throughout  the  entire  spa^i 
In  all  such  cases  of  eccentric  loading,  the  actual  safe  loads  would  be  considerably' 
lower  than  the  tabulated  safe  loads,  which  have  been  based  upon  the  ni«'»'-ti 
favorable  conditions  of  loading. 

Vertical  Deflection  of  Steel  Beams.*  In  the  case  of  beams  intendeil  u, 
carry  plastered  ceilings,  experience  indicates  that  the  vertical  oefleition. 
to  avoid  cracking  the  plai»ter,  should  be  limited  to  not  more  than  v^«o  of  ihfi 
span-length.  This  span-limit  for  steel  lieams  is  approximately,  in  feet,  t»kf 
the  depth  in  inches  and  is  indicated  in  the  tables  by  the  lower,  broken,  huh- 
aontal  lines.  Beams  intended  for  such  purposes  should  not  be  used  for  greater 
s[>ans  unless  the  allowable  tabular  i»ufe  load  exceeds  the  actual  load  to  be  sup- 
ported. As  the  dead  load  of  a  floor  is  supportcnl  by  the  floor-beams  before  t.hf 
plaster  is  applied,  only  the  deflection  due  to  the  live  load  really  needn  to  S. 
considered.     The  vertical  deflection  of  beams  is  explained  in  Chapter  X\'I1I. 

Lateral  Deflection  of  Steel  Beams.*  The  tabular  .safe  loads  are  based 
upon  the  assumption  that  the  compression-flanges  of  the  various  sections  ar< 

*  Part  of  the  matter  of  thU  paragraph  has  been  adapted,  by  permiiikm,  fram  the  Pocket 
Companion.  19 15  Edition.  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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aenired  at  proper  intervals,  against  latekal  pefuection,  by  the  use  of  tie-rods 
or  by  other  means.  The  lateral  unbraced  length  of  steel  beams  and 
girders  should  not  exceed  forty  times  the  width  of  the  compression-flanges. 
When  the  unbraced  length  exceeds  ten  times  the  width,  the  tabular  safe  loads 
should  be  reduced.  An  explanation  of  the  method  of  reducing  the  tabular  loads 
when  the  unsupported  length,  exceeds  ten  times  the  flange-width  is  given  in 
Chapter  XVTU,  page  670. 

Shearing'-Stresses  in  Steel  Beams  end  Girders.*  The  safe-load  tables  for 
beams  and  channels  are  computed  solely  with  reference  to  safe  unit  stresses 
DUE  TO  FLEXURE,  and  the  safe  loads  uniformly  distributed  on  the  spans  given 
will  not  cause  average  shearing-stresses  in  the  web  greater  than  the  10  000 
lb  per  sq  in,  the  average  safe  working  strength  of  steel  in  shear.  When, 
however,  beams  are  loaded  with  heavy  loads  concentrated  near  the  supports, 
or  when  beams  of  short  span  are  loaded  with  uniformly  distributed  loads  to  their 
full  carrying  capacity  as  regards  flexure,  the  bending  moments  may  be  small 
in  comparison  with  the  reactions  at  the  supports,  and  the  beams  may  fail  along 
the  neutral  surface  as  a  result  of  longitudinal  shearing-stresses,  or  they  may 
BUCKLE  as  a  result  of  the  combined  longitudinal  and  vertical  web-stresses. 
f!)a  such  spans  the  safe  shearing  or  buckling  strength  of  the  web  rather  than 
the  resistance  of  the  flanges  to  bending-strcsses  may  limit  the  carrying  capacity 
of  the  beam. 

Budding  Values  of  Beam-Webs.*  The  vertical  shearing-stresses  or 
the  vertical  compressive  components  of  the  web-stresses  may  under  some  con- 
ditions exceed  the  safe  resistance  of  the  beam  to  buckling,  and  there  remains 
the  possibility  that  a  web  or  web-platc,  which  is  amply  secure  against  the  safe 
allowed  shear  of  10  000  lb  per  sq  in,  will  not  be  of  sufficient  strength  when  con- 
sidered as  a  column.  In  such  cases  provision  must  be  made  for  security  against 
BUCKLING  either  by  stiffeners  or  by  an  increased  thickness  of  the  web  or  web« 
plate.  (For  the  determining  conditions  for  web-buckling  of  steel  beams  in  gril- 
lages, based  on  direct  compressbn,  see  page  183.) 

Conditions  ot  Web-Budding  of  Steel  Beams.  There  are  two  conditions 
of  WEB -buckling  (sce,  also,  foot-note  for  paragraphs  relating  to  Tables  11  and 
UI). 

(t)  The  part  of  the  beam  bearing  on  the  support  is  subject  to  direct  coic- 
p«£SsxoN,  and  the  web  over  this  part  must  be  capable  of  resisting  it.  If  this 
area  is  too  small  the  end  of  the  beam  wUliail,  as  a  column,  causing  the  web  to 
buckle.  It  is  therefore  necessary  to  calculate  the  required  length  of  the  bear- 
ing. 

(2)  The  beam  throughout  its  length  between  the  supports,  or  in  case  of  a 
cuitiiever  beam,  from  its  end  to  the  support,  is  subject  to  shear.  It  is  gen- 
erally supposed  that  the  shear  develops  stresses  of  tension  and  compression 
in  the  web;  that  these  stresses  act  at  right-angles  to  each  other  in  the  plane  of 
the  web  and  at  an  angle  of  45**  with  the  neutral  surface  of  the  beam;  and  that 
these  diagonal  stresses  are  equal  in  magnitude  or  intensity  to  the  vertical 
SHEAR  at  any  point.  It  is  the  compressive  stress  that  tends  to  buckle  the 
web. 

Formulas  for  Safe  BiickUng  Resistance  pf  Steel  Beams.*  In  regard  to 
the  first  condition  of  buckling  a  scries  of  experiments  has  been  made  on  beams 
of  various  depths  and  web-thicknesses  to  arrive  at  a  basis  for  a  simpler  method 
of  computatbn  to  use  in  the  investigation  of  the  safe  buckling  resistance  of 

*  Part  of  the  matter  of  this  paragraph  has  been  adapted,  by  permission,  from  the 
Podbet  Companioa,  1915  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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beaxns  with  unsupported  webs,  and  from  these  experiments  the  following  for- 
mulas *  have  been  deduced: 

linriimi  Safe  end-reaction  ^-  SbXtla  -\--\ 


Safe  interior  load  P  -  2  56  X  < 


(-9 


niiTi 

In  these  formulas,  R  is  the  end-reaction,  P  the  concentrated  load,  /  the  web- 
thickness,  d  the  depth  of  the  beam,  a\  half  the  distance  over  which  the  concen- 
trated load  is  applied  and  a  the  whole  distance  over  which  the  end-reaction  is 
applied;  while  56  is  the  safe  resistance  of  the  web  to  buckung,  in  pounds 
per  square  inch,  by  the  straight-line  formula 

5c  -  19  000  —  lood/i  r 

rf/2  =  I  in  the  column-formula  f-  The  first  formula  is  general  and  applies  to 
any  condition  of  loading.  The  second  formula  covers  the  case  of  a  single  load 
concentrated  at  the  middle  of  a  span;  it  can  be  extended  to  cover  a  system  of 
concentrated  loads  provided  the  sum  of  the  distances  di  is  not  less  than  a. 

Tables  11 1  t&d  ni  X  give  for  beams  and  channels  with  unsupported 
webs: 

*  These  formulas,  in  order  to  satisfy  the  first  condition,  arc  oaed  in  the  Pocket  Com- 
panion. 191S  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 

t  This  is  the  column-formula  used  by  the  American  Bridge  Company  and  in  Carnegie's 
Pocket  Companion.  5^  being  the  allowable  compkessu'E  unit  stress  in  pounds  per 
square  inch  within  the  usual  limits  of  l/r 

t  In  regard  to  the  shearing  of  steel  beams,  allowable  web-shears,  etc.,  the  value,  for 
example  (see  Example  15,  thb  chapter,  and  on  pages  183  and  183  of  Chapter  If),  of 
42  coo  lb  per  sq  in  for  a  i2-in,  31  ^i-lb  I  beam,  given  in  Table  II,  page  57s,  taken  from 
Carnegie's  Pocket  Companion,  is  based  on  the  allowed  direct  shear  without  including  the 
condition  of  web-crippling.  That  is,  the  42  000  lb  is  determined  by  taking  the  area  of 
the  web,  0.3s  X  12  s  4.2  sq  in  and  multiplying  it  by  xoooo  lb  per  sq  in.  which  is  the 
value  there  used  for  the  safe  unit  shearing-stress. 

The  beam  is  therefore  calculated  as  being  good  for  42  000  lb  shear,  but  it  is  necessary 
to  make  a  further  investigation  to  ascertain  whether  the  stresses  due  to  shear  will  cause 
the  web  of  the  beam  to  buckle.  As  stated  in  the  paragraph  on  page  S67,  on  the  Buckling 
Values  of  Beam- Webs  there  are  two  conditions  of  web-buckling  or  web-crippling. 

In  the  case  of  a  plate  girder  the  end-sliffeners  provide  for  the  first  condition,  and  the 
intermediate  stiffeners  for  the  second  condition.  The  web  itself  may  then  be  counted  on 
for  its  full  shearing  value.  In  the  case  of  beams,  however,  it  is  not  generally  economical 
to  use  stiffeners,  so  that  the  web  alone  must  meet  every  condition. 

The  Carnegie  Pocket  Companion  gives  a  formula,  reproduced  in  the  preceding  para- 
graph, and  gives  the  derived  lengths  of  bearings  in  Tables  II  and  III.  to  satisfy  the  first 
condition.  Some  of  the  formulas  used  in  the  manufacturers'  handbooks,  for  maximum 
safe  shear  based  on  web-buckling  for  the  second  condition,  are  as  follows: 

10  000  (i/ 
Passaic  Steel  Company,        V  — 


3000  <« 

I2000((/ 

Cambria  Sted  Company,      V«-  ^ 

x  + 

Bethlehem  Steel  Company.  V- 


1  500  <» 
jiooodt 


3000  f* 
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(i)  "  The  allowed  web-«esistance  56,  in  pounds  per  square  inch,  computed 
from  this  compression-formula.     (See,  also,  page  183.) 

(2) "  The  distance  a,  or  the  distance  over  which  the  end-reaction  must  be  dis- 
tributed when  the  shearing-stress  V  in  the  web  is  the  maximum  allowable 
stress  of  TO  000  lb  per  sq  in. 

(3)  *'  The  allowable  end-reaction  R,  when  a  is  taken  at  3H  in,  which  is  the 
usual  length  of  beam  actually  resting  on  the  4-in  angles  ordinarily  used  in  build- 
iog-construction  for  beam-seats. 

(4)  "  The  allowable  sheas  K,  on  the  gross  area  of  the  cross-section  of  the  beam 
or  channel- webs,  at  10  000  lb  per  sq  in." 

In  regard  to  the  second  condition  of  web-buckung,  the  maximum  allow- 
able SHEAR  may  be  calculated  by  the  formula, 

I2000rf/ 


I  500/* 


in  which  V  «  the  nuudmimi  safe  web-shear  in  pounds;  d  »  the  depth  of  the 
beam;  i  -  the  thickness  of  the  web;  and  h  -  the  height  between  the  ilange- 
tilkts.     (See  Example  15,  this  chapter  and  also  example  on  pages  182  and  183.) 

"  In  addition  to  these  data  which  have  to  do  with  the  maximum  loads  on  beams 
and  channels  as  computed  from  the  web-resistance.  Tables  II  and  III  give, 
al^  the  MAXIMUM  bending  moments  in  foot-pounds,  obtained  by  the  multi- 
plication of  the  section-modulus  of  each  section  by  the  allowed  rber-stress 
of  16  000  lb  per  sq  in  and  the  division  of  the  product  by  12  in  order  to  reduce 
to  a  foot-pound  basis.  These  maximum  bending  moments  may  be  used  on 
inspccrtion  instead  of  the  table  of  properties  to  ascertain  the  proper  size  of  a 
sectioD  to  be  used  in  any  particular  instance.'* 

in  aB  of  whkh  K  ->  the  maximum  safe  web-shear  in  pounds:  d  <-  the  depth  of  the  beam; 
/  «  the  rhicknTSS  of  web;  and  A  »  the  distance  between  the  flange-fiUets. 

It  15  to  be  noted  that  the  length  of  the  element  in  compression  on  the  45*  Une  is  k  V2, 
and  that  the  square  of  this  length  is  2  A*.  It  is  this  value,  2  tfi,  that  is  substifuted  for  /* 
in  the  column-formula  used  by  the  Cambria  Steel  Company  in  deducing  its  formula  for 
shear  based  on  web-buckling.  The  tensile  stress),  however,  tends  to  keep  the  compressive 
stress  from  buckling  the  web,  and  for  this  reason  the  Passaic  and  Bethlehem  engineers 
take  the  more  liberal  value  of  3  000  />  instead  of  i  500  /*.  The  Passaic  Steel  Company, 
however,  used  the  more  conservative  unit  value  of  loooo  lb,  reduced,  instead  of  the 
12  000  lb  used  by  the  others.  The  Passaic  and  Cambria  formulas  give  about  the  same 
results,  a  X2-in,  3i>i-lb  I  beam  by  the  former  having  a  safe  shear  of  33  352  lb  and  by  the 
Utter,  33  188  lb. 

The  Passaic  Steel  Company  is  no  longer  in  existence  and  their  handbook  is  out  of  print. 
The  Bethlehem  Steel  Company's  handbook  has  Ubles  for  Bethlehem  shapes  only.  If, 
ia  any  case,  no  table  of  maximum  shears  of  beams,  based  on  web-crippling,  is  at  hand,  it 
is  suggested  that  the  values  may  be  determined  from  the  formula, 

„        12  000  J/ 


.+  *" 


X  500  (> 

in  whid],  as  before,  K  «*  the  maximum  safe  web-shear  in  pounds;  d  «  the  depth  of  the 
beam;  f  »  the  thickness  of  the  web;  and  h  ■•  the  distance  between  the  flange-fiUets. 
For  the  beam  mentioned  and  used  in  Example  15,  page  571,  in  this  chapter  and  in  the 
example  on  pages  182  and  183,  tf  ■■  xa  in,  I  ->  0.35  in,  k  —  9.762  in,  /*  »  0.1225, 
4^  «  95.396644  and  V  *■  33  x9A  lb.  This  formula  is  recommended  as  being  the  most 
ooiBservative,  although  there  is  not  a  great  difference  in  the  results,  and  the  formula  of 
the  fomier  Passaic  Steel  Company  is  retained  elsewhere  in  Kidder's  Pocket -Book.  See, 
lor  example,  page  686  and  Table  III  of  Chapter  XX.     Editor-in-chief. 
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Table  VXI  is  a  table  computed  by  Mr.  Kidder,  giving  the  strength  of 
small  rectangular  steel  channels  or  grooved  steel.  These  are  often  used  for 
supporting  metal  lath  in  suspended  ceilings,  and  the  table  will  be' found  useful 
in  determining  the  size  to  use  for  any  given  span  and  spacing. 

4.  Tables  of  Safe  Loads  for  Steel  Beams  and  Girders^    Bzamples 

Example  9.  Direct  Bending  from  a  Uniformly  Distributed  Load.  As  an 
illustration  of  the  use  of  these  tables  let  it  be  required  to  determine  the  proper 
size  and  weight  of  an  X  beam  to  carry  safely  a  uniformly  distributed  load  of 
34  000  lb  over  a  span  of  20  ft,  the  weight  of  the  beam  not  being  included. 

Solution.  From  Table  IV,  page  579,  a  is-in  so-lb  beam  will  carry  34400  lb. 
The  weight  of  this  beam  is  50  lb  X  20  ft  -  i  000  lb,  making  a  total  load  to  be 
supported  of  35  000  lb.  This  is  so  little  in  excess  of  the  safe  load  that  the  excess 
need  not  be  considered.  Had  the  diilerence  been  more,  however,  the  next 
heavier  beam  should  be  used. 

Example  zo.  Direct  Bending  from  a  Concentrated  Load.  To  illustrate  the 
use  of  the  tables  to  determine  the  size  and  weight  of  beams  required  to  carry 
concentrated  loads.  Examples  10  and  1 1  are  given.  What  X  beam,  15  ft  in  span, 
will  safely  support  S  000  lb,  concentrated  at  a  point  5  ft  from  the  left  support? 

Solution.  The  distance  s  ft  is  one-third  of  the  span,  and  the  conversion- 
factor  for  this  (Table  IV,  page  632)  is  1.78.  The  equivalent  uniformly  dis- 
tributed losid,  therefore,  is  8000X  1.78*1  14  240  lb,  and  from  Table  IV,  page 
581.  a  9-in  25>lb  I  beam  will  carry  14  500  lb  for  a  span  of  15  ft,  and  will  just 
answer  the  purpose. 

Example  zi.  Direct  Bending  from  Two  Equal  Concentrated  Loads.  What 
X  beam,  15  ft  in  span,  will  safely  support  two  equal  concentrated  loads  of  6  000 
lb  each,  applied  5  ft  from  each  end? 

Solution.  The  distance  5  ft  is  one-third  the  span,  but  the  multiplier  in  this 
case  is  ^H  (page  632).  Hence,  the  equivalent  uniformly  distributed  load  is 
6  ooox  2H  =  16  000  lb  and  the  beam  required  (Table  IV,  page  580)  is  a  lo-in 
25-lb,  X  beam  which  will  carry  17  400  lb.  The  same  result  is  obtained  by 
using  Formula  (11)',  page  562.  This  formula  is,  Ijc  «  12  Pm/S.  Subslitutinj*. 
I/c  -  1 2  X  6  000  X  s/i6  000  -  22.5.  The  nearest  section-modulus  to  this  is  24.4, 
that  of  a  xo-in  ^5-lb  I  beam. 

Example  za.  Maximum  Bending  Moment  from  a  Distributed  I.osd  Orer  Part 
of  the  Span.  The  beam  in  Example  5,  Case  V,  page  561,  has  a  maximum  bend- 
ing moment  of  26  626  ft-lb.    What  beam  is  required? 

Solution.  The  nearest  bending  moment  to  this  in  the  first  column  of  Table 
II,  page  575,  is  27  240  ft-lb,  which  corresponds  to  a  9-in  25-lb  X  beam. 

Example  13.  Allowable  Web-Shear.*  The  maximum  shear  in  the  beam  of 
Example  12  is  just  at  the  right  of  the  left  reaction  or  bearing,  and  equals  4  000 
lb.    Is  the  beam  safe  for  shear? 

Solution.  From  Table  II,  page  575,  in  the  column  for  V,  the  allowable  web- 
shear  for  a  9-in  25-lb  beam  is  36  540  lb.  Hence,  the  beam  is  safe  if  web-buckling 
is  not  taken  into  account. 

Example  14.  Shear.*  It  is  required  to  determine  the  maximum  load  which 
a  9-in  25-lb  I  beam  can  support  without  exceedhig  the  safe  web-resistance  of 
the  section. 

*  See  paragraphs  and  foot-note  relating  to  buckling  of  beam-wcbs,  psges  567  to  569. 
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From  Table  IV,  page  581,  the  maximum  load  for  this  beam,  given 
in  small  figures  above  the  heavy,  borizontai  lines,  is  73  xoo  lb. 

Baunple  15.  Safe  BucUiag  Resistance.  See,  also,  paragraphs  and  foot-note 
rdating  to  buckling  of  beam-webs  on  pages  567  to  569  and  also  example  on 
pt0es  i8a  and  183.  According  to  Tabic  II,  page  575,  the  allowable  web-shear 
tor  a  x2-in,  3i*S-lb  I  beam  is  43  000  lb.  Will  this  shear  cause  the  web  of  the 
beam  to  buckle? 

Sointion.  The  web-shear  is  determined  by  multiplying  the  area  of  the  web, 
that  is,  0.35  in  X  12  in  »  4.3  sq  in.  by  xo  000  lb  per  sq  in,  the  safe  unit  shearing- 
stress.  The  maximum  shear  which  wiU  not  cause  the  web  to  fail  by  buckling 
may  be  found  by  the  fonnula  given  on  page  569  for  the  second  condition  of  web- 
buckling. 


I  500/* 

From  the  dimensions  of  structural  beams  (see  Carnegie's  Pocket  Companion, 
Seventeenth  Edition,  page  64)  the  thickness  /  of  the  web  of  a  x  3-in,  3 1  -S-lb  I  beam 
is  O.SS  ia>  the  depth  of  the  beam  is  J  >•  13  in  and  A,  the  distance  between  flange- 
dUets»  is  9.763  in.    Substituting  these  values  in  the  formula, 

V      '^°ooX  J2X0.3S  50400  50400  so 400 

^  ,         9-763<  "^  I  ,       95-^96644      "  ^      95-296644 "  279.046644 

1 500X  o.35«  1 500  X  0.1225  IS3-7S  183.7s 

50400X183.75       926x000  „„         .  .. 

"  ^-^ 71^-^  " 77-  =  33  188,  or  about  33  190  lb 

279046644         279^6644 

As  this  is  less  than  the  allowable  web-shear  of  42  000  lb  given  in  the  tables, 
if  account  is  to  be  taken  of  the  web-buckling  from  the  second  condition  men- 
tk>ned  in  the  preceding  pages,  a  larger  or  heavier  beam  should  be  used  or  the 
loads  reduced,  so  that  the  maximum  shear  will  not  exceed  33  190  lb.  (For  de- 
terminiog  conditbns  for  web-buckBng  of  steel  beams  in  grillages,  based  on 
direct  compression,  see  page  183.) 

Example  16.  Safe  Bnd-Reactions  for  Web-Sockliiig.  In  Example  8,  page 
563,  the  two  24-in  90-lb  Z  beams  carry  170  000  ib-f-  (4  000  lb,  the  weight  of  the 
beams)  «  174  000,  lb  or  87  000  lb  for  each  beam.  Assuming  that  they  rest 
upon  4-in  brackets  riveted  to  columns  at  each  end  of  the  span,  are  the  end- 
reactions  excessive? 

SotatsMi.  Since  the  loading  is  symmetrical,  each  reaction  for  each  beam  is 
one-half  the  total  load  on  each  beam,  or  43  500  lb.  From  the  last  column  in 
Table  11,  page  574,  the  maximum  end-reaction  R^  for  a  24-in  90-ib  beam,  is 
74  410  lb.  Hence,  the  beam  is  safe  as  far  as  the  compression  from  the  end- 
reactions  is  concerned. 

Strut-Beams.  It  is  not  considered  good  construction  to  subject  a  strut  to  a 
transverse  loading,  causing  a  certain  amount  of  flexure  in  and  thus  adding  to  the 
compressive  stress.  Conditions  often  exist,  however,  where  practical  consider- 
ations make  it  desirable  to  use  a  strut  as  a  beam,  also,  as  in  the  top  chord  or  in 
the  principals  of  a  truss.  To  determine  the  size  of  a  member  in  a  case  of  thU 
kind  the  following  method  should  be' used: 

(i)  Find  the  section-modulus  I/c,  for  the  member  for  the  transverse  load  by 
Formulas  (2)'  to  (11)',  using  12  000  lb  per  sq  in  as  the  value  of  5,  and  find  the 
area  of  the  cross^section  of  a  steel  shape  corresponding  to  the  value  of  J/c  thus 
found*    See  note  at  end  of  Example  17. 
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(2)  Find  the  section-area  required  to  resist  the  compressive  stress,  by  dividing 
that  stress  by  the  value  opposite  llr  in  column  VIII  of  Table  XI,  page  493. 

(3)  Add  together  the  two  areas  and  use  for  the  required  member  a  piece  or 
pieces  of  material  having  a  section-area  next  larger  than  the  total  area  found. 

Bzample  17.  Stmt-Beam.  Combined  Beading  and  Comprenioa.  The 
principal  rafter  in  a  truss,  8  ft  6  in  long  between  joints,  supports  the  end  of  a 
purlin  at  the  middle  of  the  span.  The  weight  from  the  purlin  is  2  800  lb  and  the 
compressive  stress  in  the  rafter  30  000  lb.  It  is  proposed  to  use  a  pair  of  angles 
for  the  rafter,  set  with  the  long  legs  vertical  and  \<i  in  apart.  What  are  the 
dimensions  of  the  angles,  the  strut  being  braced  laterally  ? 

Solution,  (i)  By  Formula  (8)',  //c  -  3  X  2  800 X  8.5/12  000  -  5-95  for  the 
pair  of  angles,  or  a. 98  for  each  angle.  (See  note  at  end  of  this  example.)  From 
Table  XI,  page  363,  the  nearest  value  to  this  with  reference  to  the  axis  x-i  b 
3.0,  the  section-modulus  for  a  s  by  3 ^i  by  VAn  angle.  The  section-area  of  one 
angle  Is  4*sq'  in  and  of  two  angles,  8  sq  in. 

(i)  From  Table  XVI,  page  371,  the  least  r  for  a  pair  of  5  by  3H  by  ^i-in 
angles,  which  would  be  about  the  axis  i-i,  since  the  strut  b  braced  laterally, 
is  about  X.58  (between  1.55  and  x.6i).  Then  the  slendemess-ratio  //r-*  8  ft 
6  in/1.58  in>*  102  in/1.58  in*  64.5.  From  column  VIII,  Table  XI,  page 
493.  5  •=  9  250  lb  per  sq  in.  Hence,  30  000  lb/9  250  lb  per  sq  in  -  3.24  sq  in. 
approximately. 

(3)  The  section-area  required,  therefore,  is  8  -f-  3.24  *«  11.24  sq  in,  which,  from 
Table  XI,  page  363,  is  al)out  equivalent  to  that  of  two  5  by  4  by  Uis-in 
angles.  As  the  section-area  in  both  calculations  exceeds  that  actually  required, 
no  allowance  for  the  weight  of  the  angles  need  be  made. 

Note.  Because  of  the  increase  in  the  tendency  of  the  strut  to  deflect,  cau^ 
by  the  combined  stresses  of  flexure  and  compression,  lower  values  of  5  are  used 
than  in  the  cases  of  simple  flexure,  or  of  simple  compression. 

Tie-Beams.  Steel  beams  subject  to  combined  tensile  and  transverse  stresses 
should  be  calculated  in  a  way  similar  to  that  explained  above  for  strut-bcam>. 
The  section  necessary  to  resist  the  transverse  stress  should  be  found  flrst,  thcn| 
the  section-area  necessary  to  resist  the  tensile  stress,  and  the  two  added  together. 

Bzample  x8.  Tie-Beam.  Combined  Bending  and  Tension.  One  span  of  a 
tie-beam,  10  ft  between  joints,  supports  a  load  of  6*000  lb  at  the  middle,  and  a^ 
the  same  time  b  under  a  tensile  stress  of  84  000  lb.  It  is  proposed  to  use  twJ 
steel  channels  for  the  tie-beam.  What  size  and  weight  are  required  for  the 
channeb?  , 

Solution.    A  load  of  6  000  lb  applied  at  the  middle  of  a  beam  has  the  samel 
effect  as  a  load  of  1 2  000  lb  uniformly  distributed,  or  6  000.  lb  for  each  chaimeL 
From  Table  V,  page  5S4,  a  7-in,  9.75-lb  channel  will  be  required,  its  sectioiJ 
area  (Table  VIII,  page  359)  being  2.85  sq  in.    The  additional  area  required  t 
resist  the  tensile  stress  is  84  000  lb/ 16  000  lb  per  sq  in  «  5.25  sq  in,  or  2.63  fa 
each  channel.    The  total  area  for  each  channel,  therefore,  should  be  3.85  +2-<Si 
M  5.48  sq  in.     A  7-in,  19.75-Ib  channel  has  a  section-area  of  5.81  sq  in,  an 
an  8-in,  18.75-lb  channel  has  a  section-area  of  5.5  sq  in.    Either  one  will  h 
sufficient,  but  the  8-in  channel  will  probably  be  more  economical,  as  it  weigh 
X  lb  per  ft  less. 

Bzample  19.  Channel,  Set  Flatwise.  What  is  the  size  of  the  channel,  s4 
flatwise,  required  to  support  a  uniformly  dbtributed  load  of  x8o  lb  per  ft  ov4 
a  span  of  xo  ft,  or  1 20  in? 

Solution.  IT  -  xSo  X  xo  -  1 800  lb.  From  Case  V,  page  326,  J/m  -  Wl!%  1 
X  800  X  X  20/8- 27000  in-lb.    From   Formula  (3)',  page   557,  l/c»M,Sn 
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27  ooo/x6  000  >•  1.7.  From  Table  VIII,  page  359,  the  lie  about  the  axis  2-3 
correspondiog  to  this  is  that  of  a  12-in,  20.5-Ib  channel. 

Sxample  ao.  Redangolar  Steal  Bar  with  Loac  Side  VerticaL  In  a  suspended, 
plastered  ceiling  it  is  proposed  to  use  2  by  H-in  steel  bars,  4  ft  or  4S  in  long,  to 
cany  the  plaster.  What  is  the  safe  load  each  bar  will  support,  if  set  with  the 
long  side  vertical? 

Solution.  From  Table  I,  page  346.  the  /  for  a  2  by  H-in  bar  is  o  250.  c  « 
ooe-half  the  depth  =  i  in.  Ijc  -  0.250/1  -  0.250.  Also,  from  Formula  (2)', 
page  557,  MnMa^SI/c.  Substituting,  JfoM- x 6000 X  0.250- 4000  in-lb. 
But,  from  Case  V,  page  326,  M,^  -  Wl/%,  and  hence,  4  000  -TK  X  48/8  = 
6  W,  and  IT-  4000/6-  666  lb. 
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Table  II.*  t    Mudmum  Beading  MomeAte  end  Web-Redstaacee  of  I  Beuus 


M^ 

! 
d 

V 

1 

V 

5»t 

a 

R 

Mftxununi 

Depth 

Weight 

Thickness 

Allowable 

Allowable 

Minimum 

End- 

bending 

of 

per 

of 

web- 

buckling 

end- 

'  reaction 

moment 

beam 

Una 

web 

shear 

lb 

resitUnce 

bearing 

a-3Hin 

1       ft-lb 

1 

in 

lb 

in 

Ibpersq 
in 

in 

lb 

1 

'     285300 

27 

83-0 

0  424 

114480 

7970 

27.1 

34650 

338390 

1150 

0.750 

180000 

13460 

11.8 

95  880 

3JOJ90 

IIO.O 

0.688 

165  120 

12960 

12.5 

84690 

3"  390 

105.0 

0.625 

150000 

12350 

13.4 

73320 

264400 

100. 0 

0  754 

180960 

13490 

11.8 

96  6ao 

256560 

24 

95  0 

0.693 

166320 

13000 

12-5 

856x0 

.     248  710 

90  0 

0  631 

151  440 

12  410 

13  3 

74410 

240870 

850 

0.570 

136800 

II  710 

US 

63410 

231920 

80.0 

0.500 

120000 

10690 

16. 5 

50780 

214220 

695 

0390 

93600 

8340 

22.8 

30910 

155880 

21 

57.5 

0.3S7 

74970 

8820 

18.6 

27540 

220750 

100. 0 

0884 

176800 

15080 

8.3 

XI3  320 

214  210 

95  0 

0.810 

162000 

14720 

8.6 

loi  370 

207680 

90.0 

0.737 

147400 

14300 

9.0 

89590 

201  140 

8S.0 

0.663 

132600 

13780 

95 

77630 

195  Sio 

20 

80.0 

0.600 

120  000 

13230 

101 

67460 

169x70 

75  0 

0649 

129800 

13660 

96 

75380 

162640 

70.0 

0.57S 

115  000 

12980 

10.4 

63420 

ISS930 

65.0 

0.500 

100000 

12080 

11.6 

SI  320 

186720 

90.0 

0.807 

145260 

IS  140 

7.4 

97730 

180840 

850 

0.725 

130500 

14700 

7.7 

85260 

174960 

80.0 

0.644 

115920 

14  160 

8.2 

72940    1 

169080 

75  0 

0.562 

loi  160 

13450 

8.9 

60480    1 

136480 

18 

70.0 

0  719 

129420 

14670 

7.8 

84350    ■ 

130590 

65.0 

0.637 

114660 

14  no 

8.3 

71890    1 

124  710 

60  0 

0  555 

99900 

13380 

9.0 

59  430 

117860 

55.0 

0.  |6o 

82800 

12  220 

10.2 

44980 

108620 

46.0 

0.322 

57960 

9320 

14.8 

24010    1 

122890 

75.0 

0.882 

132300 

16050 

56 

102  660    ; 

117  980 

70.0 

0.7^ 

117600 

15690 

5.8 

89160    1 

113  080 

65.0 

0.686 

102900 

15  210 

6.1 

75650 

108  270 

60.0 

0.590 

88500 

14  600 

6.5 

62440 

90850 

IS 

55.0 

0.656 

98400 

15040 

6.2 

71530 

85940 

50.0 

0.558 

83700 

14340 

6.7 

58020 

81040 

45.0 

0.460 

69000 

13  350 

7-5 

44520 

78530 

42.0 

0.410 

61  500 

12670 

8.1 

37660 

72020 

36.0 

0.289 

43  3SO 

10  010 

II. 2 

20970 

V  is  computed  at  lo  ooo  lb  per  sq  in  of  gross  area  of  web-section. 

•  From  Pocket  Companion,  1915  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 

t  Sec.  also,  foot-note  on  page  568,  with  paragraphs  relating  to  this  table  and  to  Table 
III,  and  paragraphs  on  page  567,  relating  to  web-buckling  of  steel  beams.  See.  also, 
page  183. 
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Table  a*t  (Cootamied).    Mariirnim  BwwWm  MouMnts  and  Web-Resistanccf 
of  I  BeasiB 


Mt^ 

4 

w 

f 

V 

s,\ 

a 

R 

Depth 

Weight 

Thickness !  Allowable 

Allowable 

Minimum 

End- 

bendins 

of 

per 

of 

web- 

buckling 

end- 

reaction 

1  \  lom  fcy\  t 

beam 

linft 

web 

shear 

bearing 

a-3hin 

ft-lb 

in 

lb 

in 

lb 

Ibpcrsq 
in 

in 

lb 

7i3JO 

S5.0 

0.821 

98520 

16470 

4.3 

87890 

>     67410 

50.0 

0.699 

83880 

X6030 

4.5 

72830 

63  490 

45. 0 

0.576 

69x20 

15390 

4.8 

57620 

59770 

12 

40.0 

0.460 

55  200 

14480 

5.3 

43300 

50730 

35  0 

0.436 

52320 

X4230 

5.4 

40330 

47960 

31  S 

0.350 

42000 

13060 

6.2 

29710 

443SO 

27.5 

0.2SS 

30600 

10850 

8.1 

17990 

4a  3» 

40.0 

0.749 

74900 

16690 

3  5 

75  010 

39050 

35. 0 

0.602 

60200 

X6l20 

3.7 

58220 

35780 

10 

30.0 

0.45s 

45  500 

15x90 

4.1 

41470 

32560 

25.0 

0.310 

31000 

13  410 

SO    . 

24940 

30370 

22.0 

0.232 

23200 

1x540 

6.2 

x6o6o 

33120 

350 

0.732 

65880 

16  870 

3.x 

71  010 

30180 

9 

30.0 

0.569 

5X210 

16260 

3-3 

53  200 

27240 

25.0 

0.406 

36540 

15  160 

3.7 

35390 

1       25x60 

21. 0 

0.290 

26x00 

13620 

4.4 

22710 

228x0 

255 

0.54X 

43280 

16440 

2.9 

48920 

2x500 

23.0 

0.449 

35920 

XS9IO 

3.0 

39290 

20x90 

8 

20.5 

0.357 

26560 

X5  120 

3  3 

29690 

1       18960 

18.0 

0.270 

2x600 

13870 

3.8 

20600 

1       X9  450 

17. 5 

0.210 

16800 

X2400 

4.5 

X4  320 

1       X6070 

20.0 

0.458 

32060 

16350 

2.5 

39310 

X4  9JO 

7 

17.S 

0.353 

24710 

X5  570 

2.7 

28850 

X3800 

15.0 

0.250 

X7500 

X4IS0 

32 

X8580 

II  640 

17.2s 

0.475 

28500 

16  810 

2.1 

39930 

,      10660 

9 

14.75 

0.352 

21  120 

16050 

2.2 

28250 

9680 

• 

12.25 

0.230 

13800 

X4480 

2.6 

16650 

10260 

17.0 

0.380 

19  000 

16720 

X.7 

30180 

'        «oSo 

14. 75 

0.S04 

25200 

17  260 

X.6 

41  370 

7260 

5 

12.25 

0.3S7 

17850 

16580 

1.8 

28  120 

1        6450 

9.75 

0.210 

10500 

14870 

2.1 

X4830 

4760 

xo.s 

0.410 

X6400 

173x0 

X.3 

31940 

4500 

9.5 

0.337 

13480 

X6940 

X.4 

25690 

4240 

4 

8.5 

0.263 

10520 

16360 

1.4 

19360 

39fc> 

7.5 

0.190 

7600 

15360 

1.6 

X3X30 

2590 

7.5 

0.361 

X0830 

17560 

x.o 

26940 

2390 

3 

6.5 

0.263 

7890 

17  020 

I.O 

X9020 

2210 

5.5 

0.170 

5  100 

X5  950 

I.X 

1x530 

V  is  computed  at  10  000  lb  per  sq  in  of  gross  area  of  web-sectk>a. 
*  Ffom  Pocket  Companion.  1915  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
t  See,  abo,  foot-note  oo  page  568,  with  paragraphs  relating  to  this  table  and  to  Table 
III,  and  paragraphs  on  page,  567,  relating  to  web-buckllng  of  steel  beams.    See,  also, 
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Tabl«  m. 

*t    Mudflmm  Bei 

M^ 

d 

V 

/ 

V 

5*t 

a 

R 

Maximum 

i^th 

Weight 

Thick- 

Allowable 

AUowable 

•tt  1Q«01  UXKX 

End 

bending 

per 

nessoC 

web- 

end- 

reaction. 

moment 

channel 

linft 

web 

shear 

resistonce 

bearing 

a-3H  in 

ft-lb 

in 

lb 

in 

lb 

Ibperaq 
in 

in 

lb 

76490 

55.0 

o8t8 

122700 

15820 

5.7 

93830 

71590 

50.0 

0.720 

108000 

IS  390 

6.0 

8o;jSO 

66  680 

IS 

45.0 

0.622 

93300 

14820 

6.4 

66840 

61780 

40.0 

0.524 

78600 

14040 

6.9 

S3  350 

56880 

35.0 

0.426 

63900 

12900 

79 

39850 

55S70 

33.0 

0.400 

60000 

12  510 

8.2 

36270 

64360 

50.0 

0.791 

102830 

16  150 

4.8 

86250 

60  no 

45.0 

0.678 

88140 

156B0 

SO 

71760 

55870 

13 

40.0 

0.565 

73450 

15020 

5  4 

57260 

S3.VO 

37.0 

0.497 

64610 

14470 

57 

48540 

51  6ao 

35.0 

0.452 

58760 

14020 

6.0 

42  770 

48740 

32.0 

0.375 

4«7SO 

13000 

6.8 

32900 

43760 

40.0 

0.758 
0.636 

90960 

16260 

4.4 

80090 

39840 

35. 0 

76320 

15730 

4.6 

65040 

35920 

12 

30.0 

0.513 

61560 

14950 
13670 

SO 

49850 

32000 

25.0 

0.390 

46800 

5.8 

34660 

28470 

ao.5 

0.280 

33600 

II  570 

7.4 

21  060 

30800 

. 

35.0 

0.070 

82300 

16900 

X4 

U^o 

27  530 

30.0 

67  600 

16440 

3.6 

24260 

10 

25.0 

0.529 

52900 

15730 

39 

49910 

20990 

20.0 

0.382 

38200 

14470 

ii 

33  160 

17840 

15.0 

0.240 

24000 

11780 

16970 

20  9SO 

2S.0 

0.61S 

55350 

16470 

3.2 

58  220 

18  010 

9 

20.0 

0  452 

40680 

15550 

35 

40420 

15070 

15.0 

0.288 

25920 

13590 

4.4 

22  500 

14  030 

13.25 

0.230 

20700 

12  220 

S.I 

16  170 

15920 

21.25 

0.582 

46560 

16620 

2.8 

S3  200 

14  610 

18.75 

0.490 

39200 

16170 

2.9 

43580 

13  310 

8 

16.25 

0.399 

31920 

15530 

3.2 

34070 

12  000 

13.75 

0.307 

24560 

14490 

35 

24460 

10770 

11.25 

0.220 

17600 

12700 

4.3 

15370 

12640 

19. 75 

0.633 

44310 

17090 

2.3 

S6780 

11490 

17.25 

0.528 

36960 
29610 

16700 

li 

46300 

I0  3SO 

7 

14.75 

0.423 

16  130 

35830 

9210 

12.25 

0.318 

22260 

15190 

2.9 

25360 

8030 

9.75 

0.210 

14700 

13230 

3.S 

14580 

8680 

155 

0.563 

33780 

17150 
16640 

2.0 

48280 

7700 

6 

13.0 

0.440 

26400 

2.1 

36610 

6720 

10.5 

0.318 

19080 

15730 

2.3 

as  oio 

5780 

8.0 

o.aoo 

12000 

13810 

2.8 

13810 

5  550 

11. 5 

0.477 

23850 

17  180 

1.7 

38920 

4730 

5 

9.0 

0.330 

16500 

16380 

1.8 

25  670 

3960 

6.5 

0.190 

9S0O 

14  4SO 

2.2 

13040 

30SO 

7.2s 

0.32s 

13000 

16870 

1.4 

24670 

2790 

4 

6.25 

0.252 

10080 

16250 

1. 5 

18430 

2530 

S.2S 

0.180 

7200 

15150 

1.6 

12270 

1840 

6.0 

0.362 

10860 

17560 

l.o 

27020 

1640 

3 

S.o 

0.264 

7920 

17030 

I.O 

19  no 

I4SO 

4.0 

0.170 

5  100 

15940 

I.I 

11  520 

V  is  computed  at  10  000  lb  per  aq  in  of  gross  ^rea  of  web-section. 
*  From  Pocket  Companion,  1915  Edition,  Carnegie  Steel  Company,  Pittsburgh.  Pa 
t  See.  also,  foot-note  on  page  568.  with  paragraphs  relating  to  this  table  and  to  TabI 

II,  and  paragraphs  on  page  567,  relating  to  web-buckling  of  steel  beams.    See.  alsi 

Mge  183. 
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IiM«  nr.*    Sife  Vaifom  L<Mdc  in  Unitt  of  i  oop  Pounds  for  Steol  I  BMms 
Maximum  bendiiiK  stress.  i6  coo  lb  per  sq  in 


1                           Depth  and  weight  of  sections 

'   r    « 

!       1                                                      - 

1    Coeffi- 

5?BO. 

rrna 

24-in 

2X-ir 

,   cient  of 
deflection 

•^ 

83 

1x5 

xio 

los 

100 

9S 

90 

95 

80 

695'i 

ItS 

1  J^ 

lb 

.138.1 

lb 

lb 
300.0 

lb 

lb 

lb 

lb 
«73.'6 

lb 

lb 

lb 

' 

1  -•- 

1  .-. 

^'.6 

3i>i^ 

340.0 

i8t."i 

I 

...  1      0.60 
...   '      o.8x 
»<o.o          1.06 

138.6,     X.34 

i 

352. 5 
302.2 

264.4 

7 

293.2 
256.6 
238.0 

284.2 
248.7 
221. 1 

% 

MO. A 

240.9 
214.1 

231.9 

ao6.i 

'y 

,«^^i.i|i4.8 

277.7 

235.0 

:o 

226.2J262  7 

256.3 

a49.9;2H.S 

aos.2 

199.0 

192.7 

185.5 

171. 41124. 7 

,      1.66 

II 

2075,338.8 

233.0 

227.2,192.3 

186.6 

180.9 

175.2 

168.7 

155.8113.4 

2.00 

L3 

I90.22I8.9 

2X3-6 

20B.3!  176.3 

171.0 

165.8 

160.6 

154.6 

142.8103.9 

2.38 

13 

I7S.6MJ.I 

197. a 

192. 2|  162. 7 

157.9 

153.  X 

148.2 

142.7 

131.8    95  9 

2.80 

:4 

i<0.o{i87.7 

X83-I 

178.5;  151.  X 

146.6 

142.1 

137.6 

132.5 

122. 4|  89.x 

1      3.24 

•? 

152-2,175.1 

X70.9 

166.6,141.0 

136.8 

132.6 

128.5 

123.7 

114.3    83.1 

3.72 

ifi 

I42.6|i64.2 

160.2 

156.2,132.2 

128.3 

124.4 

120.4  116. 0|  107.1,  77.9 

4.24 

JT 

134-3  154.5 

150.8 

147  o|  124. 4 

i20.7'ii7.o 

113.4 

109.1  130.8,  73.4 

4.78 

.1 

ii6.8.'i46.o 

142.4 

138.8,117.5 

ii4.o{iio.5 

107.1 

103.1    95.2,  69.3 

5.36 

'.' 

I30.i'i38.3 

134.9 

131.5,111.3 

108.01104.7 

101.4 

97.6    90.2    65.6.      5.98      1 

s 

114. il 131. 4 

1282 

12S.01QS.8 

102.6 

995 

96.3 

92.8    85.7    62.4 

6.62 

108.7  I2S.X  IMI 

119.0  100.7 

97.7 

94.7 

91.8 

88.3   81.6    59  4!      7.30      1 

a 

103.7  119  4' "6.5 

113.6'  96.1 

93.3 

90.4 

87.6 

84.3    77.9,  56.7 

,      8.01 

99.2114  2111. 4 

108.7  92.0 

89.2 

86.5 

83.8 

80.7    74. 5;  54  2 

;    8.76 

;t 

95.1  109.5 
91  Jios.l 

X06.8 

104. 1    88.1 

85s 

82.9 

80.3 

77.3    71. 4|  52.0 

,    9.53 

102.5 

lOO.O    84.6 

82.1 

79.6 

77.1 

74.2   68.61  49  9 

10.35 

;^ 

»7-8;ioi.o 

98.6 

96.1   81.4 

78.9 

76.5 

74.1 

7x4 

65.9    48.0 

,     11.19 

27 

44  5   97.3 

94  9 

92. 6j  78.3 

76.0 

73.7 

71. 4 

68.7 

635'  46.2 

X2.07 

3 

«i  S   93  8 

91  5 

89.3   755 

73.3 

711 

68.8 

66.3 

61.2    44. 5 

12.98 

;> 

78  7   906 

88.4 

86.2   72.9 

70.8 

68.6 

66.4 

64.0 

59.1'  43.0 

13.92 

P 

76  11  87.6 

85  4 

83  3;  70.S 

68.4 

663 

64.2 

61.8,  57.1,  41.6 

14.90 

;! 

73.6'  84-7 

82.7 

80.6,  68.2 

66.2 

64.2 

62.2 

59  8    55. 3    40.2 

IS  91 

>' 

7f  3i  82  I 

80.1 

78.1!  66.1 

64.1 

62.2 

60.2 

58.0 

53.6    39.0 

16.95 

n 

«9  2   79  6 

77.7 

75. 7j  64.1 

62.2 

60.3 

58.4 

56.2 

51. 9   37.8 

18.03 

u 

e7.i  77.3 

75. 4 

73  S    62.2 

60.4 

58.S 

56.7 

54.6 

50. 4|  36.7 

19.13 

j) 

^2    75. 1 

73.2 

71.41  60.4 

58.6 

56.8 

55.1 

S30 

49  0    35.6 

20.28 

i 

^.4    73-0 

71-2 

69.4!  58.8 

57.0 

553 

53  5 

51. 5 

47  6,  34.6 

21.45 

.7 

61.7    71.0 

69.3 

67.51  57.2 

55  5 

53.8 

52.1 

So.i 

46.3    33  7 

22.66 

3S 

60.1    69.x 

&r5 

65.8;  55.7 

54.0 

52.4 

50.7 

48.8 

45.1 

32.8 

23.90 

1^ 

58.5    67.4 

657 

64. Il  54-2 

52.6 

SX.o 

494 

47.6 

43.9 

32.0 

25. 18 

*^ 

S7<l    6S  7 

641 

62.51  52.9 

51.3 

49  7 

48.2 

46.4 

42.8 

31.2 

26.48 

;i 

XT  64.1 

62.S 

61.01  51.6 

50.1 

48.5 

47.0 

45. 3 

41.8 

30.4 

27.82 

^ 

54.3i  62.6 

6x.o 

59  s!  504 

48.9 

47.4 

45.9 

44.2 

40.8 

??:! 

29.20 

ii 

53  l'  61.1 

S9.6 

58.1]  49  a 

47.7 

46.3 

448 

43.1 

399 

29'o 

30.60 

u 

51.9    59  7 

58.3 

56.8 

48.1 

46.6 

45.2 

43.8 

42.2 

38.9 

28.3 

32.04 

il 

50-7    58.4 
496^  57  I 

57.0 

55. 5 

47.0 

45.6 

44.2 

42.8 

41.2 

38.1 

33.52 

i^ 

55.7 

54.3 

46.0 

44.6 

43.3 

4X.9 

40.3 

37.3 

35.02 

n 

48.6    55-9 

S4.X 

53.2 

45.0 

43.7 

42.3 

41.0 

39.5 

36.S 

36.56 

45 

47.5    54.7 
46.6 '53*6 

.:53;f 

52 J 

44.1 

Al? 

41S 

_4pj 

.?j7 

35.7 

38.14 
3974 

fi       ' 

S2T3 

5i"o 

■;i."2 

4X.9 

'ip'i 

393 

37  9  35.0 

5       ' 

45.61  53.5.  5X3 

50.0 

42.3 

41.0 

398 

385 

37.11  3*  3 

41.38 

Uads  above  the  upper  heavy  lines  will  cause  maximum  allowable  shears  in 
"^  See.  also,  paracntphv  in  text  and  foot-note  with,  some,  page  567.  relating  to 
^^-bnctiinc  in  beams 

-Ads  below  the  lower  broken  lines  will  cause  excessive  deflections 


'  ^»a  Pocket  Companion,  19x5  Edition*  Carnegie  Steel  Company,  PitUburgh.  Pa. 
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Table  IV  *  (Continued).    Safe  Uoifoni  LotAi  in  Units  of  i  ooo  Pounds 

(or  Steal  I  Beeme 

Maximum  bending  stress,  i6  ooo  lb  per  sq  in 


Span. 

Depth  and  weight  of  sections 

Cocffi 

20-in 

i84n 

cient  0 

ft 

deflec 
tion 

100 

95 

90 

85 

80 

75    '    70 

65 

90   i    8s    1    80    I    75 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

... 

lb 

lb 

lb 

5 

3S1-6 

... 

353  3 

0.41 

"6 

394-3 

8940 

W.8 

^s 

•40.0 

•??•« 

•^.0 

9QO.O 

i^.'s 

a«s.o 

1^:8 

TO.'s 

jSc  6 

376.9 

337.7 

225.6 
1933 

316.8 
185  9 

249  0 

3134 

341. 1 
206.7 

0.60 

"      7 

353. 3! 244  8 

239-9 

333  4 

178.3 

200.0 

193.2 

0.81 

8 

330.7314  3 

307.7 

201. 1 

1955 

169.2 

163.6 

155  9 

186.7 

180.8 

175. 0 

169. 1 

1.06 

9 

196.3 

1904 

184.6 

1788 

173.8 

150.4 

144  6 

138.6 

166.0 

160.7 

155. 5 

ISO.3 

I  34 

10 

1766 

171  4 

166. 1 

160.9 

156.4 

135.3 

130.1 

124.7 

149-4 

144.7 

140.0 

1353 

1.66 

II 

160.  s 

IS58 

151. 0 

146.3 

143.3 

123.0 

118.3 

"34 

135.8 

131  5 

137.3 

123.0 

2.00 

13 

147-3 

143  8 

138.5 

134-1 

130.3 

n3.8 

108.4 

104.0 

134.5 

1206 

n6.6 

112.7 

238 

13 

135. 8 

131  8 

137.8 

123.8 

120.3 

104. 1 

100. 1 

96.0 

114.9 

III. 3 

107.7 

104  I 

2  80 

14 

136.1 

123.4 

1187 

"4  9 

ni.7 

96.7 

93.9 

89  I 

106.7 

103  3 

100. 0 

96.6 

3  24 

IS 

117  7 

114. 3 

no. 8 

107  3 

104  3 

90.3 

86.7 

83.3 

99.6 

964 

933 

90.2 

3  72 

i6 

no.  4 

107  1 

103.8 

100.6 

977 

84.6 

81.3 

78.0 

93.4 

90-4 

875 

84.5 

4  24 

17 

103.9  100.8 

97  7 

94  I 

93.0 

796 

76.5 

73.4 

87.9 

85.1 

83.3 

796 

478 

i8 

98-1 

95  3 

92.3 

«94 

869 

763 

73  3 

693 

83.0 

80.4 

77.8 

75.1 

5.36 

19 

93  9 

90.3 

87.4 

84-7 

83.3 

71.3 

68s 

65.7 

78.6 

76.1 

73.7 

71.2 

598 

30 

883 

85.7 

83  I 

80.5 

78.3 

67.7 

651 

63.4 

74.7 

73.3 

70.0 

67.6 

6.62 

31 

84  1 

81  6 

79  I 

766 

74  5 

644 

62.0 

594 

711 

689 

667 

64.4 

7  30 

33 

803 

77.9 

75  5 

73  I 

7t  I 

615 

59  1 

56.7 

67.9 

65.8 

63.6 

61. 5 

8.01 

23 

76.8 

74  5 

73  3 

70.0 

68.0 

588 

56  6 

54  3 

64.9 

639 

60.9 

58.8 

8.76 

34 

736 

71-4 

693 

67.0 

65.3 

564 

54  3 

53  0 

62.2 

60.3 

58.3 

56.4 

9  53 

2S 

70.6 

68.5 

665 

64.4 

63.6 

54  1 

52.0 

499 

S9.8 

57  9 

S60 

54.1 

10  35 

30 

67.9 

659 

639 

61.9 

60.3 

S3  I 

50.0 

4*0 

575 

556 

538 

52.0 

XI  19 

37 

65.4 

63s 

61.5 

596 

57.9 

50.1 

483 

46.3 

55.3 

536 

51.8 

50.1 

12.07 

38 

631 

61  3 

59  3 

57.5 

559 

483 

46.5 

44.6 

53.3 

51.7 

50.0 

48.3 

1298 

29 

60.9 

59  I 

57  3 

55  5 

53-9 

46.7 

44  9 

43  0 

51. 5 

499 

483 

46.6 

13  92 

30 

58.9 

57.1 

55  4 

53.6 

53.1 

45.1 

43  4 

41.6 

498 

48.2 

46.7 

45.1 

14  90 

31 

57.0 

55  3 

536 

51-9 

50.5 

43  7 

43.0 

40.3 

48.3 

46.7 

45.2 

43.6 

X5.91 

32 

552 

536 

51  9 

SO. 3 

48.9 

43.3 

40.7 

39.0 

46.7 

45.3 

43.7 

43.3 

16.95 

33 

S3  5 

SI. 9 

50  4 

48.8 

47.4 

41.0 

39.4 

37.8 

45.3 

438 

43.4 

,41.0 

18.03 

34 

51  9 

50.4 

48.9 

47-3 

46.0 

398 

383 

36.7 

43.9 

436 

41.2 

39.8 

19-13 

35 

SO.  5 

490 

47  5 

46.0 

44.7 

38.7 

37.3 

356 

43.7 

41  3 

40.0 

38.6 

20.28 

36 
37 

49- X 
47.7 

47.6 
463 

46.3 
44.9 

44.7 
435 

43.4 
43.3 

37.6 
36.6 

36.1 
35  3 

34.7 
337 

415 

_40.2 

38.9 

37.6 

21.45 

'4o-:4 

39.1 

3'7"8 

36.6 

22.66 

38 

46.5 

45  I 

43.7 

42.3 

41.2 

3S.6 

34.3 

32.8 

39.3 

38.1 

36.8 

35.6 

23  90 

39 

45  3 

43.9 

42.6 

41  3 

40.1 

34-7 

33.4 

32.0 

25.18 

40 
41 

4 11 

43_81  41  5 

40.2 

-3?_l 

.33* 

33_S 

3i_._3 

26.48 

43  1 

41.8 

40.5 

392 

3..X 

330 

31.7 

30.4 

27.82 

__43_ 

42  oi  40.8 

_3?6 

38^ 

37.2!   32.2 

31. ol  29.7 

29.30 

Loads  above  the  upper  heavy  lines  will  cause  maximum  allowable  shears  in 
webs.  See.  also,  paragraphs  in  text  and  foot-note  with  same,  page  567,  relating 
to  web-buckling  in  beams 

Loads  below  the  lower  broken  lines  will  cause  excessive  deflections 


•  Prom  Pocket  Companion,  19x5  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 

Digitized  by  VjOOQIC 
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TkUe  IV*  (CootiAned).    Stfe  VtHetm  Loads  in  Units  of  x  ooo  Pound* 

for  Steel  I  Beams 

Maziimiin  bending  sticaB,  16  000  lb  per  iq  la 


1                                           Depth  and  weight  of  aectaoos 

"5  0 

z  ,                     i8-in                                                       15-in 

I 

11 

70       65    i   60 

55       46 

75 

70 

65 

60 

55 

so 

45 

42 

4 
S 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

u 

0.27 
0.41 

\^ 

«»'i 

■99^ 

964.6 

«3S'? 

^s 

.77..0 

196.8 

«67.4 

i^ 

245.8 
196.6 

181. 7 
145-4 

218.4  208.9 

1995 

188.8 

180.9 

1732 

137.5 

129-7 

...   1    ... 

... 

JitL 

163*8 

1573 

... 

150.8 

144.4 

121.1 

114-6 

108.1 

ar\.o 

0.60 

6   182,0  174. 1 

166.3 

157. 1 

104.7 

7    (560149.2,142.5,134.7 

n^.9 

140.4 

122.9 

134.8 
118.0 

129.2 
1x3.1 

123.7 
108.3 

103.8 
90.8 

98.2 
85.9 

92.6 

»I.O 

89.8 
78.S 

0.81 

1.06 

8    ij6.Si30.6;i24  7jii^  9 

10B.6 

9    in  3  116. 1  ilo.9jio4  « 

1=   109.2104.5  99  »!  94.3 

1                    j 

96.6 

109.2 

1049 

100. 5 

962 

80.8 

76.4 

72.0 

698 

1.34 

86.9 

98.3 

94.4 

90.5 

86.6 

73.7 

66.8 

64.8 

628 

1.66 

II     99  3   9S  o?  90  7.  85  7 

790 

894 

85.8 

8a.2 

78.7 

66.1 

62.5 

589 

37  I 

2.00 

.2     91  0    87  I    *3  '1  7*^ 

72.4 

81.9 

78.7 

75  4 

72.2 

60.6 

57.3 

54.0 

524 

2.38 

a    &4  0  80.4 

76-7 j  72  s 

66.8 

75-6 

72.6 

69.6 

66.6 

559 

52.9 

499 

483 

2.80 

14     78  a  74  6 

71  3   67.3 

6a.i 

70.2 

67.4 

64.6 

61.9 

SI.9 

49  X 

46.3 

44  9 

3.24 

15     72.8   69.6 

66.5   6a.9 

57-9 

65.5 

62.9 

603 

57.7 

4B.5 

45.8 

43.2 

419 

3.72 

It  j  68.2'  6s  3 

62.4   SB.9 

543 

61.4 

S90 

56.5 

54.1 

45.4 

43.0 

40.5 

393 

4.24 

IT  '  64.2    61  S'  58.7,  SSS 

Si.i 

57.8 

55. 5 

53.2 

S0.9 

42.8 

40.4 

38:1 

37.0 

4.78 

:if  i  60.7    S8.o 

554 

52  4 

48.3 

546 

52  4 

50.3 

48.1 

40.4 

38.2 

36.0 

34.9 

5.36 

19  i  57  5   S5.0 

52.5 

496 

45. 7 

51.7 

497 

47.6 

45.6 

38.3 

36.2 

34.1 

33-1 

5.98 

jr     54  6    52-2 

49-9 

47.1 

434 

49.2 

47.2 

45.2 

43.3 

36.3 

34.4 

32.4 

31-4 

6.62 

21     52.0    49  7 

47  5 

449 

41.4 

46.8 

44.9 

43.1 

41.2 

34.6 

32.7 

30.9 

299 

7.30 

27     496    47-S 

45-3 

42.9 

395 

44.7 

42.9 

41. 1 

39-4 

33.0 

31  3 

295 

28.6 

8.01 

?3     47  S    45  4 

434    41.0 

37.8 

42.7 

41.0 

393 

37.7 

31.6 

29.9 

28.2 

27.3 

8.76 

21  i  45  5    43  5:  41  6,  39.3 

36.2 

41.0 

39.3 

37.7 

36.1 

303 

28.6 

27.0 

26.2 

9-53 

i$ 

43  7    41  8"  39  9   37.7 

1           '          ' 

34.8 

39.3 

37.8 

36.2 

34.6 

29.1 

27.5 

25.9 

25.1 

10.35 

36 

42.0'  40.2'  38.4'  36.3 

334 

37.8 

36.3 

34.8 

33.3 

28.0 

26.4 

24.9 

24.2 

II. 19 

27 

40.4  38.7 

37.0,  34  9 

32.2 

364 

35. 0 

335 

32.1 

26.9 

as. 5 

24.0 

233 

12.07 

iS 

39-0  37.3 

3S-6;  33.7 

31.0 

35. 1 

33  7 

32.3 

30.9 

26.0 

24.6 

23.2 

22.4 

12.98 

39 

37-6-  36.0 

34. 4-  32  5 

30.0 

339 

32.5 

31.2 

29.9 

2S.I 

237 

22.4 

21.7 

1392 

P     36.4    34.ft 

33-3|  31.4 
32.2    30.4 

29.0 
28.0 

32.8 

31  5 

_3?i2 

J^j9 

24  2 

-??9 

21.6'  20.9 

14  90 

15  91 

1 
H      35.2    3S-7 

31.7 

30.4 

29.2 

27.9 

23.4 

22.2 

20.9 

203 

3J  .  34.1'  32.6    31-2    29.5 

27.2 

30.7 

29.5 

28.3 

27.1 

22.7 

21.5 

20.3 

196 

16.95 

i3     33.1!  Ji  7J  30.2    28.6 

26.3 

18.03 

M      32-1I  10.7,  29.3.  27.7 

25.6 

... 

19  13 

35 

31.2'  29.8 

28.S    26.9 

24.8 

... 

... 

20.26 

36 

30.3'   29.0 

27. 7    26.2 

24  I 

... 

... 

21.45 

ST     ^9  5    «2 

n'o^'^'s 

"23.S 

22.66 

I 

28-7    27. 5j  26.3    24.8 

22.9 

23.90 

43ads  above  the  upper  heavy  lines  will  cause  maximum  allowable  shears  in  ' 

»€t«-    Sec.  also,  paragraphs  in  text  and  foot-note  with  same,  page  567,  relating 

to  »cb-buckling  in  beams 

Loads  bdow  the  lower  broken  lines  will  cause  excessive  deflections 

'  From  FodLet  Companion,  1915  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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Table  IV*  (Continaed).    Safe  Uniform  Loads  in  Units  of  i  ooo  Pouids 
for  Steel  I  ] 


WaTtmiim  bending  stress,  16  000  lb  per  sq 

in 

a 

Depth  and  weight  of  sections 

3«= 

11 

I 

15-in 
36 

I3-In 

lo-m 

55 

so 

45 

40 

35 

31  Vi 

37W 

40 

35 

30 

25   1   22 

l-S 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb   1   lb      ^ 

t9t* 

149.8 

«o4 

1   ...    1 

3 
4 
5 

190.3 
142.7 
II4.I 

1*6^.8 

138.3 

X04.6 

84.0 

113.8 
84.6 
67.7 

104. 1 
78.1 
63.5 

91.0 

0.15' 

134.8 
107.9 

137.0 

1 10.4 

101.5 
81.3 

71.6 
S7.a 

,6».o_l                 n   *7. 

I0I.6   95.6 

76.7 

52. ll    ...        0.41' 

61  .a 

-          f*^ 

6 

7 

86.7 

9S.1 
81.S 

89.9 

77.0 

84.7  79.7 
73.6'  68.3 

676 
S8.0 

63.9 
54.8 

59  I 
50.7 

S6.4 
48.4 

S3.I 
44.6 

47.7 
40.9 

43.4,    40.5'    O.60I 

83.3 

37  2|  34  7 

0  811 

8 

73.0 

71  3 

67.4 

63.5;  59.8 

507 

48.0 

44  4 

43.3 

39.0 

358 

32.6,  30-4 

I  06 

9 

64.0 

63.4 

59  9 

56. 4I  53.1 

45. 1 

43.6 

39  4 

37.6 

34.7 

31.8 

28.9;  27.0 

i-W 

10 

57.6 

57.1 

539 

50.8   47.8 

40.6 

38.4 

35.5 

339 

31.3 

36.6 

26.0   34  3 

1.66 

II 

52  4 

SI  9 

49.0 

46.2   43. 5 

36.9 

34.9 

32.3 

30.8 

38.4 

36.0 

23  7     23.1 

3  J 

13 

48.0'  47  6 

44  9 

42.3   39  8 

33.8 

33.0 

29.6 

38.3 

36.0 

33.9 

31.7   30  a    3  3R 

13 

44.3 

43.9 

41.5 

39  I    36.8 

31.3 

29.S 

27.3 

36.0 

34.0 

23. 0 

30. 0|    18  7I    2.80 

14 

41.2 

40.8 

38.5 

36.3   34.2 

39.0 

27.4 

25.3 

34.3 

33  3 

204 

18. 6j  17.4 

3  24 

IS 

38.4 

38.0 

36.0 

339   31.9 

27.1 

35.6 

23.7 

33.6 

30.8 

19.1 

17.4   16. a 

3.721 

i6 

36.0 

35.7 

33.7 

31.7    29.9 

25. 4 

34.0 

«,, 

31.3 

19.  s 

179 

16.3   IS. 2'  4.2» 

17 

339 

33.6 

31.7 

39.9   38.1 

239 

33.6 

30.9 

19.9 

18.4 

16.8 

15. 3    14.3 

4.7H 

l8 

33.0   31.7 

30.0 

38.3    36.6 

32.5 

31.3 

19.7 

18.8 

17.4 

159 

14  s'  13.5 

5   ^^ 

19 

30.3   30.0 

28.4 

36.71  25.2 

21.4 

30.3 

18.7 

178 

16.4 

15.1 

13.7    12,8 

S  if*^ 

30 
31 

38.8   38.5 

37. 41  37.3 

37.0 
25.7 

25. 4|  23.9 
34.2'  23.8 

20.3 

193 

19.2 
18.3 

17.7 

I6.9 

16.9 

15.6 

14.3 

13. o|  la.i 

6(vi 

16. 1 

14.9 

13.6 

13.4!  11.6 

7  ,w' 

33 

36.3,  35.9 

24  5 

33.1    21.7 

18.4 

17.4 

16.1 

IS  4 

14.2 

13.0 

II. 8    II. 0 

8  01 

33;   35. l|   34.8 

23  4 

33. fl   30.8 

17.6 

16.7 

15.4 

8  7*> 

24 

35 

34.0 
33.0 

33.8 

33.5 

31.3     19.9 

16  9 

16.0 

14.8 

W. 

9  S.\ 

33.8 

31.6 

30.31  19.I 

16.3 

IS. 3 

14.2 

10. 35 

36 

33.3     31.9 

30.7 

19  S|  18.4 

15.6 

14.8 

13.6 

It. 19 

37 

31.3     ... 

... 

13  07 

38  1   30. 6|    ... 

... 

13  98 

39 '  199,  ... 

... 

... 

13  92 

30      19  3|    ... 

149c 

31       18.6     ... 

... 

... 

... 

IS  91, 

32  j  18. 0|    ... 

... 



169s' 

Loads  above  the  upper  heavy  lines  will  cause  maximum  allo^ 

arable  shears  in 

webs.     See.  also,  paragraphs  in  text  and  foot-note  with  same,  pi 

106  567*  relating 

to  web-buckling  in  beams. 

• 

Loads  below  the  lower  broken  lines  will  cause  excessive  deflect 

ons                         1 

*  From  Pocket  Companion,  1915  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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T^bl*  IV  *  (CoAtiiiaed).    Safe  Uniform  Loads  in  Units  of  i  ooo  Pounds 

for  Steel  I  Beams 

Maximum  bending  stress,  x6  ooo  lb  per  sq  in 


Spsn. 

ft 


5- 
of 


Span, 
ft 


IX 
12 

13 
U 


Loads  above  the  upper  heavy  lines  will  cause  maximum  allowable  shears  in 
webs.  See.  also,  paragraphs  in  text  and  foot-note  with  same,  page  567.  relating 
to  web-buckling  in  beams 

Loads  bdow  the  lower  broken  lines  will  cause  excessive  deflections 


'.  ftoat  Pocket  Companion^ 


1, 1915  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 

Digitized  by  VjOOQIC 
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Tatde  V.*    Safe  Uniform  Loads  in  Units  of  x  odo  Pounds  for  Stool 
Channols 


Maximum  bending  stress,  16  000 

lb  per  sq  in 

Depth  and  weight  of  sections 

Coeffi. 

Span, 
ft 

iS-in 

i3-in 

dent  of 
deflec- 
tion 

1 

55 

50 

45    1    40 

35 

33 

50 

45 

40 

37 

35 

32 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

3 

4 

"454 

at6.o 

186.0 

»57a 

"7'b 

1*0.0 

905.7  1  176.1 

171. 6  160.3 
128.7^120.2 

X46'«> 

i»9.a 

"75 

w-s 

0.15 
0.27 

204. 0 
153  0 

190.9!  177.8 

143.2 

133  4 

123.6 

113.8 

III. I 

III. 7 

106.6  103.2 

97  5 

5 

122.4 

114. 5 

106.7 

989 

91.0 

88.9 

103-0 

96.2 

89.4 

8S.3   82.6 

78.0 

0  41 

6 

102.0 

954 

88.9 

82.4 

75.8 

74  I 

85.8 

80.2 

74.5 

71.1    68.8 

6s.o 

0.60     1 

7 

87.4 

81.8 

76.2 

70.6 

65.0 

635 

73.6 

68.7 

63.8 

60  9j  59  0 

SS  7 

0.81     ' 

8 

76.5 

71.6 

66.7 

61.8 

56.9;  55.6 

64.4 

60.1 

55  9 

S3. 3,  SI  6 

48.7 

1.06 

9 

68.0 

63.6 

59  3 

549 

50.6 

49.4 

57-2 

534 

49  7 

47. 4I  45. 9 

43.3 

1.34     1 

10 

61.2 

57  3 

S3. 3 

49.4 

45.5 

44  5 

51. 5 

48.1 

44.7 

42.7 

41.3 

390 

1.66   ! 

II 

55.6 

52.1 

48. 5 

44.9 

41.4 

40.4 

46.8 

43.7 

40.6 

38.8 

37.  S 

35.4 

a  00    1 

la 

51.0 

47  7 

44.5 

41. 2 

37  9 

37.0 

42.9 

40.1 

37.2 

35. 5 

34  4 

33  5 

2.38 

13 

47.1 

44  I 

41.0 

38.0 

3S.0 

34  2 

39.6 

37.0 

34.4 

32.8 

31.8 

30.0 

2.80      1 

14 

43  7 

40.9 

38.1 

35  3 

32.5 

31.8 

35.8 

34-4 

31.9 

30.5 

29.5 

27.9 

3.24 

IS 

40.8 

38.2 

35.6 

33.0 

30.3 

29.6 

34.3 

32.1 

29.8 

28.4 

275 

26.0 

372  ' 

l6 

38.2 

35.8 

33  3 

30.9 

28.4 

27.8 

32.2 

30.1 

27.9 

26.7 

c 
25.8 

24  4 

4  24 

17 

36.0 

33  7 

31  4 

29.1 

26.8 

26.1 

30.3 

28.3 

26.3 

25. 1 

24  3 

22.9 

478 

i8 

34.0 

31.8 

29.6 

27.5 

2S  3 

24.7 

28.6 

26.7 

24.8 

23.7 

22.9 

21.7 

5.36 

19 

32.2 

30.1 

28.1 

26.0 

239 

23.4 

27.1 

25.3 

235 

22.4 

21.7 

20.  s 

S9H 

ao 

30.6 

28.6 

26.7 

24.7 

22.8 

22.3 

25.7 

24.0 

22.3 

21.3 

20.6 

19  5 

662     1 

21 

29.1 

27.3 

25  4 

23. 5 

21.7 

21.2 

24.5 

22.9 

21.3 

20.3 

19.7 

18.6 

7-30     1 

23 

27.8 

26.0 

24  3 

22.5 

20.7 

20.2 

23-4 

21.9 

20.3 

19-4 

18.8 

17.7 

801 

23 

26.6 

24.9 

23  2 

21.5 

19.8 

19  3 

22.4 

209 

19-4 

18.5 

18.0 

X7.0 

S?6 

24 

25. 5 

239 

22.2 

20.6 

19.0 

I8.S 

21. 5 

20.0 

l8.6 

17.8 

17.2 

16.2 

9  S3 

2S 

24. 5 

22.9 

21.3 

19.8 

x8.a 

17.8 

20.6 

19.2 

17.9 

17. 1 

16.5 

15.6 

10  35 

26 
27 

23. 5 
22.7 

22.0 
21.2 

20.5 

19.8 

19.0 

18.3 

17.5 
16.9 

17.1 
16.5 

3?:? 

18.S 

17.2 

16.4 

.'S:? 

ISO 

11.19 

12.07 

19. 1 

17.8 

"16.6 

"is's 

IS  3 

"14.4 

28 

21.9 

20.S 

19. 1 

17.7 

16.3 

IS. 9 

18.4 

17.2 

16.0 

152 

14.7 

13.9 

12  98 

29 

21.  t 

19.7 

184 

17.0 

15.7 

IS.  3 

... 

... 

U.9» 

30 
3X 

20.4 
19.7 

A^.i 

17.8 

l6.S 

15.2 

14.8 

14.90 
IS  91 

18.S 

17.2 

15.9 

14.7 

14.3 

32 

19.1 

17.9 

16.7 

15-4 

14.2 

13.9 

... 

.'!!    ...  1  ... 

x6  95 

LcMids  above  the  upper  h< 

savy  lines  will  a 

aiuse  r 

naximum  allowa 

blesh 

ears  in 

weba.    See,  also,  paragraphf 

1  in  text  and  foo 

trnote 

with  same,  page 

S67. 

relatinc 

to  web-buckling  in  beams 

Loads  below  the  lower  bro 

ken  lines  will  cat 

ise  ex< 

ressive  deflection 

B 

*  From  Pocket  Companion,  1915  Edition,  Carnegie  Steel  Company,  Pittsbuigh.  Pa. 


y  Google 
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Tabto  V*  (Cootiauod).    Sale  Ihuform  Loadi  ia  Units  of  i  ooo  Pounds  for 

Steel  Channels 

Maximum  bending  straas,  x6  ooo  lb  per  aq  in 


1 

Depth  and  weight  of  sections 

Coeffi- 

SpMl. 

la-in 

lo-in 

cient  of 

ft 

deflec- 
tion 

40 

35 

30 

25 

20^ 

35 

30 

25 

20 

15 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

l««.9 

1^:6 

i«3.l 

«^' 

^'.n 

■ft46 

«35.« 

X05.8 

'^■4 

Vb'o' 

0.07 
0.15 
0.27 

a 

175  I 
1x6.7 
87.S 

123.2 

8a.  X 
6x.6 

IXO.I 
73.4 
55.1 

97.0 
64.7 
48.S 

3 

106.2 
79.7 

95.8 
71.8 

853 
64.0 

56.0 
42.0 

47.6 
357 

•       4 

56.9 

S 

70.0 

63.7 

57. 5 

51.2 

45-5 

49.3 

44.0 

38.8 

33.6 

28.S 

0.41 

6 

SS.4 

53.1 

47.9 

..7 

38.0 

41.1 

36.7 

32.3 

28.0 

23.8 

0.60 

7 

So.o 

45.5 

41  I 

36.6 

32.5 

3S  2 

31. 5 

27.7 

24.0 

20.4 

0.81 

8 

43.8 

39.8 

359 

32.0 

28.S 

30.8 

27-5 

24.3 

21.0 

17.8 

1.06 

9 

38.9 

35  4 

31.9 

28.4 

25. 3 

27.4 

24.5 

21.6 

18.7 

15.9 

1.34 

lo 

3S.O 

31.9 

28.7 

25.6 

22.8 

24.6 

22.0 

19.4 

x6.8 

14.3 

1.66 

II 

31.8 

29.0 

a6.i 

23.3 

ao.7 

22.4 

20.0 

17.6 

IS. 3 

13.0 

2.00 

xa 

29.2 

a6.6 

239 

21.3 

19.0 

20.S 

18.4 

16.2 

14.0 

11.9 

2.38 

13 

26.9 

24. 5 

22.1 

19.7 

17.5 

19.0 

16.9 

14.9 

12.9 

II. 0 

2.80 

14 

as.o 

22.8 

20.S 

18.3 

16.3 

17.6 

IS. 7 

13.9 

12.0 

10. a 

3.24 

IS 

233 

21.2 

19.2 

17.1 

15.2 

16.4 

14.7 

12.9 

II. 2 

95 

3.72 

l6 

ai.9 

19.9 

18.0 

16.0 

14.2 

154 

13.8 

xa.i 

10. 5 

8.9 

4-24 

17 

ao.6 

18.7 

16.9 

15.1 

13.4 

14.5 

I3.0 

II. 4 

9.9 

8.4 

4.78 

i8 

195 

17.7 

16.0 

14.2 

12.7 

13.7 

12.2 

10.8 

93 

7.9 

5.36 

19 

18.4 

16.8 

IS.  I 

13. 5 

12.0 

13.0 

11.6 

10.2 

8.8 

7.5 

5.98 

ao 

17- S 
16.7 

15.9 

XS.2 

14.4 
13.7 

12.8 
12.2 

11.4 
10.8 

12.3 

II. 0 

-JiZ. 

8.4 

7.i_ 

6.62 
7.30 

1 
ax 

11.7 

10.5 

9.2 

8.0 

6.8 

22 

15.9 

14.  s 

13. 1 

II.6 

10.4 

11.2 

10. 0 

8.8 

7.6 

6.5 

8.01 

23 

15.2 

13.9 

12.5 

11. 1 

9.9 

.... 

8.76 

2\ 
2S 

Ai'A. 

13.3 

12.0 

_io.J_ 

.AA 

.... 

.... 

.... 

9.53 
10.35 

xiTo" 

'iV.s" 

ii.V 

XO.V 

9".! 

a6 

as 

12.3 

11. 1 

9.8 

8.8 

.... 

.... 

.... 

.... 

11.19 

>ve  th< 

i  upper 

heavy 

lines 

will  ca 

use  maximur 

n  allovi 

rabies 

lears  in 

wcu6.    See. 

alao.  iM 

uagiai] 

haini 

text  an 

d  foot- 

note  with  sat 

ne,  pag 

«  567. 

relating 

ling  in 

besnru 

LoadabeL 

cwthe 

lower 

broke* 

1  lines 

will  ca 

uae  exc 

»6sive 

deflect 

tons 

From  Pocket  Companion.  19x5  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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Table  V*  (Continued).    Safe  Uniform  Loads  in  Unite  of  i  ooo  Pounds  for 

Steel  Chsnnels 

Maximum  bending  stress,  x6  ooo  Jb  per  sq  in 


Depth  and  weight  of  sections 

Coeffi- 
cient of 

— 

deflec- 

^i 

lion 

lb 

9-4 

0.07 

14 

0.15 

5.1 

0.27 

».9 

0.41 

3.7 

0.60 

?  2 

0.81 

Jo 

1.06 

M 

I  34 

10 

l6.8  14. 4| 

12. 1 

II. 2 

12.7 

11. 7 

10.6 

9.6 

8.6 

10. 1 

9.2 

83 

7.4 

6.4 

1.66 

XI 

IS  a 

13  1 

II. 0 

10.2 

11.6 

10.6 

9.7 

8.7 

7.8 

9.2 

8.4 

7.5 

6.7 

5.8 

2.00 

12 

14.0 

12.0 

10.  X 

93 

10.6 

9  7 

8.9 

8.0 

7.2 

84 

7.7 

6.9 

6.1 

5  4 

238 

13 

12. Q 

11. 1 

9-3 

8.6 

9.8 

90 

8.2 

7.4 

6.6 

7.8 

7.1 

6.4 

57 

4.9 

2.80 

14 
IS 

12. 0 
II. 2 

10.3 
9.6 

8.6 

8.0 

8.0 
7  5 

9.1 
8.S 

8.4 
7.8 

7.6 
7.1 

6.9 
6.4 

6.2 
5  7 

7-2 

6.6 

59 

53 

4.6 

324 
3.72 

6.7 

6.1 

5.5 

4  9 

4.3 

i6 
17 

10. s 

9.0 
8.S 

7.5 
71 

7.0 
6.6 

8.0 

7.3 

6.7 

60 

5  4 

6.3 

S.7 

52 

46 

4.0 

4  24 

4.78 

7  5 

6.9 

63 

5.6 

S.I 

i8 
19 

93 

8.0 

6.7 

62 

7.1 

6.5 

5  9 

53 

4-8 

536 
598 

8.8 

7.6 

6.3 

S  9 

30 

8.4 

7.2 

6.0 

S6 

662 

Span. 

Depth  and  weight  of  sections 

Coeffi- 
cient of 

6-in 

S-in 

4-in 

3-in 

ft 

deflec- 
tion 

isM 

13 

10^^ 

8 

uH 

9 

6\i 

7H 

6« 

SM 

6 

5 

4 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

6^.6 

-21 

3^« 

•4.0 

477 

S3.oj»9^ 

•6.0 

ao.9 

■4.4 

«7 
14.7 
7  4 

iS-S 

13. 1 

6.6 

io.« 



0.02 
0.07 

44.4 
22.2 

24  4 
12.2 

34  7 

30.8 

26  9 

23  I 

18. 9;  15. 8 

II. 1 

10. 1 

5.8 

33  2 

20. s 

179 

IS  4 

14.8 

12.6 

10.5 

8.1 

7.4 

6.7 

49 

4  4 

3.9 

0  IS 

17.4 

IS  4 

13  4 

11.6 

11. 1 

9  5 

7  9 

6.1 

5.6 

5  1 

3  7 

3  3 

2.9 

0.27 

139 

12  3 

10.8 

9.2 

8.9 

7.6 

6.3 

4.9 

4.5 

4.1 

2.9 

2.6 

2.3 

0  41 

IX.6 
99 

10.3 
8  S 

9.0 

7.7 

7.7 
6.6 

7.4 
6.3 

6.3 
54 

53 
4.5 

4.x 
35 

3.7 
32 

3.4 

2.9 

2  5 

2.2 

1.9 

0  60 
0.81 

2.1 

1.9 

1.7 

8.7 
7.7 

7-7 
6.8 

6.7 
6.0 

5.« 
S.I 

55 

4.9 

4.7 
42 

4.0 
35 

3.0 

2.8 

2.5 

1.8 

1.6 

x.S 

I.c6 
1.34 

2.7 

2.5 

2.2 

10 

6.9 

6.a 

S.4 

4.6 

4.4 

3.8 

3.2 

2.4 

2.2 

2.0 

.. 

1.66 

XI 

6.3 

S« 

4.9 

42 

4.0 

3.4 

2.9 

2.00 

13 

13 

S.8 

SI 

45 

3  9 

3.7 

3.2 

2.6 

•• 

2.38 
2.80 

S.3 

A-i 

41 

3.6 

14 

SO 

4. A 

3.8 

3  3 

324 

Loa 

ds  above  the  upper  heavy  lines  will  cause  nuudmum  allowable  st 

lean  in 

weU. 

See.  also,  paragraphs  in  text  and  foot-note  with  same,  page  5^. 

relating 

to  we 
Loa 

b-buckling  in  beams 

ds  below  the  lower  broken  lines  will  cause  excessive  deflections 

*  From  Pocket  Companion,  19x5  Edition,  Carnegie  Steel  Company,  Pittsbuxih,  Pa. 
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Tkble  VI.  *    Safe  Unif onn  Loads  In  Units  of  x  coo  Pounds  for  Steel  H 

Beams 

Maziinum  bending  stress,  i6  coo  lb  per  sq  in 


Span, 
ft 

Depth  and  weight  of  sections 

Coefficients 

of 
deflection 

8>in 
34.0-lb 

6-in 
23.8-lb 

S-in 
x8.7-lb 

4-in 
13.6.1b 

■5.0 

3 

3».3 

X9.0 
143 
XI. 4 

0.1s 

0.27 

0.41 

37.6 

25-4 
20.3 

32.1 

' 

«o.o 

'7 

SI. 3 

440 
38.S 
34  2 
30.8 
as  0 
25.6 

23. 7 
22. 0 
20.S 
19.2 

26.7 

22.9 
20.1 
17.8 
16.0 
14.6 
13.4 

X6.9 

14-5 
12.7 

11.3 
10. 1 

9-5 

8.x 
7.1 

0.60 

o.8x 
1.06 

1.34 
1.66 

2.00 
2.38 

2.80 
3.24 
3.72 
4.34 
4.78 
5.36 

1           '° 

6.3 
57 

IX 

9.2' 
8.5 

Z2 

1 

13 
14 
IS 
i6 

17 

12.3 

11. s 

18. 1 
17.1 

tf 



Table  VIL  t    Safe  Uniform  Loads  in  Pounds  for  Small  Steel  Channels,  or 
Grooved  Steel 

Computed  for  a  fiber-stren  of  x6  000  lb  per  sq  in 
For  dimensions  of  sections,  see  Table  IX,  page  360 


Weight 

Span  in  feet 

Depth, 
in 

per 
foot. 

lb 

2 

2.5 

3 

3.5 

4 

4.5 

5 

6 

2H 

3.80 

378s 

3028 

2523 

2  163 

1892 

x68a 

1514 

I  261 

a 

2.90 

2560 

2048 

I  706 

1463 

I  280 

X  138 

X  024 

853 

2 

3.60 

2880 

2304 

X920 

1643 

1440 

1280 

XXS2 

960 

a 

3.60 

3  ISO 

2496 

2080 

1783 

1560 

1386 

1248 

1040 

a 

2.$0 

2256 

1804 

1S04 

X289 

1x28 

X  000 

902 

752 

a 

2.00 

14*8 

I*M 

945 

810 

709 

630 

S67 

472 

7 

iH 

1. 13 

907 

726 

605 

S18 

454 

403 

363 

302 

g 

T^ 

1.33 

768 

6x4 

512 

439 

384 

341 

307 

256 

i>i 

1.46 

868 

694 

578 

496 

434 

386 

347 

289 

to 

iH 

0.94 

475 

380 

316 

271 

237 

211 

190 

II 

iH 

1. 12 

469 

37S 

313 

268 

234 

208 

188 

u 

iH 

X.OO 

437 

350 

291 

250 

2X8 

194 

175 

13 

I 

0.83 

336 

268 

224 

192 

168 

.... 

14 

I 

0.68 

266 

212 

177 

152 

133 

IS 

H 

0.67 

224 

x8o 

149 

128 

112 

.... 

16 

H 

0.69 

229 

183 

152 

130 

.... 

.... 

17 

Va 

O.S3 

133 

106 

88 

*  From  Pocket  Companion.  19x5  Edition,  Carnegie  Steel  Company.  Pittsburgh, 
t  Compiled  by  F.  £.  Kidder.     See  note  on  page  570. 
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Table  VIU.*    Safe  Uniform  Loads  in  Units  of  x  ooo  Poands  for  S4eel 
Angles  with  Equal  Legs 
Netttral  Axis  Parallel  to  Bather  Leg 

Maximum  bending  stress,  i6  ooo  lb  per  sq  in 


Size. 

Thick- 
ness. 

i-ft 
span 

M&xmiitni 

span,  360 

X  deflection 

Sire. 

Thick- 
ness. 

i-ft 
span 

MazixnuTn 

span,  360 

X  deflection 

in 

in 

in 

Safe 

Safe 

Length. 

in 

Safe 

Safe 

Length, 

load 

load 

ft 

load 

k>ad 

ft 

8X8 

iV^ 

186.99 

8.31 

22.5 

3HX3W 

»Me 

24.00 

2  55 

9  4 

8X8 

iM« 

177.81 

7.87 

22.6 

3HX3V4 

^. 

22.51 

2.37 

^1 

8X8 

I 

168.53 

7.43 

22.7 

3HX3W 

•He 

20.91 

2.18 

96 

8X8 

•Me 

159. IS 

6.98 

22.8 

3\^X3H 

Me 

19-31 
17.60 

2.00 
1. 81 

9  7 
9  7 

8X8 

U 

149  55 

6.53 

22.9 

3ViX3H 

H 

1S.89 

1.62 

98 

8X8 

»M« 

139.84 

6.08 

23.0 

3^^X3Vi 

Me 

14.08 

1  42 

99 

8X8 

54 

130.03 

5.63 

23   I 

3HX3H 

Mi 

12.27 

1.23 

xo.o 

8X8 

»M6 

120.00 

S.18, 

23.2 

3^^X3W 

Me 

10.45 

1.04 

10  I 

8X8 

H 

109.87 

4.73 

23.2 

3HX3H 

H 

8.43 

0.83 

10.2 

8X8 

9i6 

9963 

4.28 

23  3 

3    X3 

H 

13.87 

I  69 

82 

8X8 

H 

89.28 

3.82 

23  4 

3    X3 

Me 

12.69 

I  S3 

83 

3    X3 

H 

II. 41 

1.37 

83 

6X6 
6X6 
6X6 

'.«. 

li 

91  41 
8651 
81  39 

5.48 
5. 16 
4.84 

16.7 
16.8 
16.8 

3    X3 
3    X3 
3    X3 
3    X3 

Me 
H 
Me 
H 

10.13 
8.85 
757 
6.19 

1.21 
I  04 
0.88 
0.71 

84 

85 

8  6 
8  7 

6X6 

•Me 

76.27 

4.51 

16.9 

6X6 

H 

71  04 

4.18 

17.0 

2HX2H 

W 

7.79 

X.15 

6  8 

6X6 
6X6 

65.81 
60.37 

3.85 
3  51 

17.1 
17  2 

2HX2H 

2MX2}^i 

2HX2H 

Me 
H 
Me 

6.93 
6.08 
5. 1^2 

I  01 

0.87 
0.72 

69 

7.0 
71 

6X6 

M» 

54.83 

3.17 

17.3 

2^^X2^^ 

H 

4.16 

O.S8 

72 

6X6 

H 

49.17 

2.83 

17.4 

2VllX2Vi 

Me 

3  20 

0.44 

7.3 

6X6 

Me 

43.41 

2.48 

17.5 

2yiX2h 

H 

2.13 

0.29 

7-4 

6X6 

H 

37.65 

2.14 

17.6 

2      X2 

Me 

4.27 

079 

5.4 

2      X2 

H 

3.73 

0.6S 

5  .S 

SXS 

I 

61.87 

4. 55 

13.6 

2      X2 

Me 

3.20 

0.57 

5.6 

sxs 

»Me 

58.56 

4.28 

13.7 

2      X2 

U 

2.67 

0.46 

5.7 

5X5 

li 

55  15 

4.00 

13.8 

2      X2 

Me 

2.03 

0.35 

5.8 

5X5 

»Me 

51.73 

3.73 

13.9 

2      X2 

H 

1.39 

0.24 

5.8 

5X5 

H 

48.32 

3.45 

14.0 

iliXiM 

Me 

3.20 

0.68 

4.7 

5X5 

»Me 

44.80 

3.18 

14.1 

iMXiM 

H 

2.77 

0.60 

4  7 

5X5 

H 

41.17 

2.90 

14.2 

iMXi=^4 

Me 

2.45 

0.51 

4.8 

5X5 

Me 

37  44 

2.62 

14.3 

1^4X1^4 

H 

2.0J 

0.41 

4.9 

5X5 

H 

33  60 

2.34 

14.4 

iMXiM 

Me 

.  1.49 

0.30 

5.0 

5X5 

Me 

29.76 

2.06 

14. 5 

i?4^iM 

H 

1.07 

0.21 

S.I 

5X5 

H 

25.81 

1.78 

14. S 

iViXiH 

H 

2.03 

0.51 

4.0 

mxi!^ 

Me 

1.71 

0.42 

4.1 

4X4 

»Me 

32.11 

2.9s 

10.9 

iHXiH 

M 

1.39 

0.33 

42 

4X4 

H 

29.97 

2.73 

11. 0 

mxi*^ 

Me 

1.07 

0.2s 

4  3 

4X4 

»Me 

37  84 

2.51 

II. X 

iHXiVi 

H 

0.77 

0.17 

4.4 

4X4 

H 

25.60 

2.29 

II. 2 

xMXiU 

Me 

1.17 

0.36 

3  3 

4X4 

Me 

23.36 

2.07 

11.3 

iHXiM 

V4 

0.97 

0.29 

3  4 

4X4 

•  H 

21.01 

1.8s 

II. 4 

iMXiV4 

Me 

0.76 

0.22 

3  5 

4X4 

Me 

18.67 

1.63 

11.4 

iHXiVa 

H 

0.52 

0.14 

3.6 

4X4 

H 

16.21 

1.41 

II. 5 

I    Xi 

M 

0.60 

0.2a 

26 

4X4 

Me 

13-76 

1.19 

IX. 6 

X    XI 

Me 

0.47 

0.17 

2.7 

4X4 

M 

II. 20 

0.96 

II. 7 

I    XI 

Vi 

0.33 

0.12 

2.8 

From  Pocket  Companion,  1915  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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TaUe  DL*    9ftfe  Unifona  Loads  ia  Uniti  of  i  ooo  Pouads  for  Steel 

Aadee  mA  Uaofaal  Lege 

If  eatrtl  Aib  Puallei  to  Shorter  Leg 

Mtximam  bending  stress,  x6  ooo  lb  per  aq  in 


i-ft 

Maximum 

l-ft 

Maximum 

Sue. 

Thick- 
ness. 

span,  360 
X  deflection 

Size, 

Thick- 
ness, 

fll>an 

span.  360 
X  deflection 

in 

in 

in 

Safe 

Safe 

Length. 

in 

Safe 

Safe 

Length, 

load 

load 

ft 

load 

load 

ft 

rtX6 

z 

161.17 

749 

21.5 

6X3V4 

I 

83.52 

5.57 

xS.o 

8X6 

»M« 

153.21 

7.04 

3Z.6 

6X3H 

»Ms 

79.04 

5.24 

IS  1 

8X6 

?« 

143.04 

6S9 

21.7 

6X3^i 

H 

74. 45 

4-90 

IS. 3 

»X6 

»M« 

133.87 

6.14 

21.8 

6X3^i 

»Ms 

69.87 

4  57 

15.3 

5X6 

^4 

l24-4« 

5.68 

21.9 

6X3^4 

H 

65.07 

^^ 

15.4 

8X6 

»Me 

114-88 

5.22 

23.0 

6X3H 

»Hs 

60.27 

389 

IS. 5 

8X6 

H 

los.aS 

4.76 

22.1 

6X3^i 

H 

55.36 

3  55 

15.6 

8X6 

9i6 

95.47 

4.30 

22.3 

6X3H 

9i« 

50.35 

3.31 

15.7 

SX6 

W 

85.55 

3.84 

22.3 

6X3V4 

W 

45.33 

3.86 

158 

8X6 

lu 

75. 41 

3.37 

32.4 

6X3^ 

Me 

40.00 

3.53 

15  9 

6X3^4 

H 

34.67 

2.17 

16.0 

5X34 

I 

146.03 

7S3 

19.4 

6X3Mi 

Me 

39.23 

1.83 

16.0     1 

5X3.^ 

»5i« 

138.03 

7.08 

19.5 

«X3H 

^i 

129.^ 

6.63 

19.6 

«X34 

'Me 

12X.60 

6.17 

197 

5X4. 

'4 

53  23 

4.00 

13.3 

axjH 

?4 

113.17 

5,72 

19.8 

5X4 

»M6 

SO.  03 

3.73 

13.4 

8Xj4 

»M6 

104.58 

5  23 

199 

5X4 

M 

46.61 

3.46 

13  5 

8Xj4 

H 

9579 

478 

30.0 

5X4 

»Me 

43.20 

3  19 

13.5 

8X34 

9i« 

86.93 

4  32 

30. 1 

5X4 

H 

39  79 

2.92 

13.6     ' 

8X34 

H 

77.97 

3.86 

30.3 

5X4 

Me 

36.16 

2.64 

13.7 

8X34 

M« 

68.80 

3.39 

30.3 

5X4 

H 

32.53 

2.36 

13.8 

5X4 

Me 

38.80 

2.07 

13.9 

:X34 

I 

112.85 

6.52 

17.3 

5X4 

H 

24.96 

1.78 

14.0 

?X34 

ifi«    106.^ 

6.13 

17.4 

7X34 

H      !ioo.48 

5.75 

I7.S 

7X34 

»M« 

94.08 

5.36 

17.6 

SX3H 

% 

52.05 

4.04 

12.9 

7X34 

H 

87.68 

4.97 

17.6 

5X3H 

»Me 

48.85 

3.76 

13.0 

7X34 

»K» 

81.07 

4.58 

17.7 

1     5X3V4 

M 

45.65 

3.49 

13.1 

7X34 

H 

74.3S 

4.18 

17.8 

1     5X3^^ 

>He 

42.35 

3.21 

13.3 

7X34 

W« 

67.52 

3.77 

17.9 

1     5X3V4 

H 

38.93 

2.93 

13.3 

7X34 

^ 

60.59 

337 

18.0 

5X3V4 

Me 

35.41 

2.64 

13  4 

7X34 

H« 

53.44 

2.96 

18. 1 

5X3H 

V4 

31.89 

3.36 

13  S 

7X34 

H 

46.19 

2.54 

18.3 

5X3W 

Me 

28.16 

2.07 

13.6 

5X3V4 

H 

24.43 

X.79 

13. 7 

^X4 

I 

85.55 

S.S6 

15.4 

5X3V4 

M« 

30.69 

LSI 

13.7 

'X4 

»M» 

80.96 

5.22 

15.5 

€X4 

5< 

76.27 

4.89 

15.6 

5X3 

»Me 

47.47 

3.77 

13.6 

6X4 

»Me 

71.47 

4.SS 

157 

5X3 

M 

44.37 

3  49 

12.7 

^X4 

H 

66.d7 

4. a 

15.8 

'    5X3 

»Me 

41.17 

3.23 

12.8 

6X4 

*H« 

61.6s 

3.88 

IS.9 

;    5X3 

H 

37.87 

3.94 

13.9 

«X4 

H 

56.64 

3.54 

16.0 

'     5X3 

Me 

34. 45 

3.6s 

13.0 

6X4 

M« 

51.52 

3.20 

16.1 

5X3 

H     . 

31.04 

3.37 

13.1 

ex4 

H 

46.19 

2.85 

16.3 

5X3 

Me 

37.52 

3.09 

13.2 

«X4 

?<• 

40.8s 

2.51 

16.3 

5X3 

H 

23.89 

1.80 

13.3 

6X4 

H 

35.41 

2.16 

16.4 

5X3 

Me 

30.16 

LSI 

13.4 

*  FiDB  Fockct  Conpeakm, 
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Table  IZ*  (Contiaued).    Safe  Uniform  Loads  in  Units  of  z  ooo  Ponnds 

for  Steel  Ancles  with  Unequal  Legs 

Neatral  Axis  Parallel  to  Shorter  Leg 

Maximum  bending  stress,  i6  ooo  lb  per  sq  in 


i-ft 

BiCazimum 

1 

i-ft 

Maxim  uzn 

Size. 

Thick- 
nesSf 

span 

span,  360 
X  deflection 

'      Size. 

Thick- 
ness. 

span 

span*  360 
X  deflection 

in 

in 

Safe 

Safe 

Length, 

1        ^^ 

in 

Safe 

Safe 

Length 

load 

load 

ft 

1 

load 

load 

ft 

4ViX3 

»9<» 

3S.61 

3.36 

11. 5 

'  3    X2^ 

Ms 

12.27 

I  S3 

80 

4V^X3' 

94 

36.0s 

3.11 

11.6 

3    X2Vi 

H 

11.09 

1.37 

81 

4V4X3 

»H6 

33.49 

2.87 

11.7 

3    X2\i 

Ms 

99a 

1.22 

8.1 

4HX3 

H 

30.83 

2.62 

11.8 

3    X2^ 

H 

8.64 

1.06 

8.2 

4HX3 

^' 

28.16 

2.38 

n.8 

3    X2^ 

Ms 

7.36 

0.89 

8.3 

4WX3 

^i 

25  28 

2  13 

11  9 

3    X2H 

H 

5.97 

0.71 

84 

4V^X3 

'/!• 

22  40 

1.87 

12.0 

4WX3 

H 

19  52 

1.61 

12. 1 

3    X2 

^4 

10.67 

1.39 

7  7 

4^X3 

Me 

16.43 

135 

12.2 

3    X2 

Ms 

9  49 

1.22 

7  8 

4    X3^ 

»M6 

31  15 

2.94 

10.6 

3    X2 

H 

8.32 

1.05 

7  9 

4    X3\i 

H 

2923 

2.73 

10.7 

3    X2 

Me 

7.04 

0.88 

8.0 

4    X3Vi 

»M6 

27  20 

2.52 

10.8 

3    X2 

H 

5.76 

0.71 

81 

4    X3V4 

% 

25  07 

2.30 

10.9 

4    X3V4 

Ms 

22.93 

2.08 

II. 0 

2HX2 

H 

7.47 

lis 

65 

4    X3V4 

H 

20.69 

1.86 

II. I 

2V^X2 

Ms 

6.7a 

1.02 

6.6 

4    X3W 

TIs 

18  35 

1.64 

II. 2 

2^4X2 

H 

5.87 

0.88 

6-7 

4    X3'-^ 

H 

x6.oo 

1  41 

II. 3 

2HX2 

Me 

5.01 

0.74 

68 

4    X3Vi 

Ms 

13  44 

I.X8 

11.4 

2\riX2 

H 

4.05 

0.59 

69 

4    X3 

»Ms 

30.61 

2.97 

10.3 

\   2V4X2 

Me 

3.09 

0.44 

7.0 

4    X3 

M 

28.59 

2,75 

10.4 

1 2V6X2 

H 

a.  13 

0.30 

7.1 

4    X3 

»M» 

26.56 

2.53 

10. 5 

4    X3 

H 

24  53 

a. 31 

10.6 

2^iXl^i 

Me 

4.69 

0.73 

6  4 

4    X3 

Ms 

22.40 

2.09 

10.7 

2V6Xl^^ 

H 

3.84 

059 

6s 

4    X3 

W 

20.16 

1.87 

10.8 

2^^XlH 

Me 

2.99 

0.45 

6  6 

4    X3 

Ms 

17.92 

1.64 

10.9 

4    X3 

H 

15.57 

1.42 

II. 0 

2V4XlH 

\i 

5.76 

I.02 

5.6 

4    X3 

Ms 

13.12 

1.19 

II. 0 

2V4Xl^4 

Me 

512 

0.90 

57 

4    X3 

H 

10.67 

0.96 

II. I 

2«XlV4 

H 

4.48 

0.77 

5  8 

3HX3 

>Ms 

23  47 

2.57 

91 

iVaXi^^ 

Me 

384 

0.65 

5.9 

3HX3 

94 

21.87 

2.38 

9.2 

2V'4XlW 

« 

3.20 

0.53 

60 

3V5X3 

»Hs 

ao.37 

2.19 

9.3 

2MXlH 

Me 

2.45 

0.40 

6.0 

3V§X3 

W 

18.77 

2.00 

9  4 

3^X3 

Ms 

17.17 

1. 81 

95 

2    XiVi 

H 

3.63 

0.70 

52 

3.^4X3 

H 

1547 

X.62 

9.5 

2     XlH 

Me 

3.09 

0.58 

5.3 

3^X3 

Me 

13.76 

1.43 

9.6 

a    XiW 

H 

a.s6 

0.47 

5  4 

3V^X3 

H 

12.05 

1.24 

9  7  * 

a    XiH 

Me 

1.92 

0.3S 

s-.*; 

3^^X3 

Ms 

10.24 

I. OS 

9.8 

2    XiVi 

yi 

1.39 

0.24 

5.6 

3HX3 

H 

832 

0.84 

9.9 

a    XiW 

H 

a.4S 

0.47 

5.2 

SHXiVi 

»Hs 

1973 

2.19 

9.0 

2    XiH 

Ms 

1.92 

0.36 

5.3 

3HX2V4 

9* 

18.24 

2.00 

91 

3^4X2M 

Ms 

16.64 

1.82 

9.1 

iMXiM 

M 

1.92 

0.42 

4-6 

3^4X2^ 

H 

15.04 

1.63 

9.2 

iHXiK 

Ms 

1.49 

0.3a 

4.7 

3V^X2^4 

Me 

13.44 

1.44 

93 

iMXiM 

H 

1. 00 

0.21 

4.8    1 

3HXJ^i 

96 

11.73 

1.24 

9.4 

iHXiM 

Ms 

1.71 

0.44 

3.9 

3V4X2H 

Ms 

9.92 

1.04 

9.5 

iHXiH 

H 

1.39 

0.35 

40 

3WX2H 

H 

8.00 

083, 

9.6 

iHXiH 

Ms 

X.07 

0.26 

4..    j 
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1 


I^  Z.*    Sale  Uniform  Loadi  in  Units  of  x  ooo  Poonds  for  Stool  Ancles 
with  Unequal  Lofs 
Nential  Axis  Piuattel  to  Longer  Leg 
Maximiun  bending  stress,  i6  ooo  lb  per  sq  in 


i-ft 

Maxixnuni 

i-ft 

Maximum 

Siie. 

ThirJc- 
nesSf 

span 

span,  360 
X  deflection 

Sise. 

Thick- 

span 

span,  360 
X  deflection 

ia 

j_ 

in 

nesSf 

in 

Safe 

Safe 

Length. 

in 

Safe 

Safe 

Ungth, 

Uw\ 

load 

ft 

load 

load 

ft 

?JC6 

X 

95-15 

544 

X7.S 

6X3H 

I 

30.93 

3  09 

10. 0 

'X6 

'Me 

89.92 

S.ii 

X7.6 

6X3^ 

'Me 

29.23 

2.90 

10.  X 

:X6 

li 

84.69 

4-79 

17.7 

6X3^ 

^ 

27.63 

2.71 

X0.2 

«X5 

>^« 

79.36 

445 

17.8 

6X3H 

'Me 

25.92 

2.52 

10. 3 

•X6 

H 

73.92 

4.13 

X7.9 

6X3^ 

M 

24.21 

2.33 

X0.4 

»X6 

>H« 

68.37 

3.80 

18.0 

6X3W 

'He 

22. SI 

2.14 

10. 5 

1X6 

H 

62.72 

3.48 

18.0 

6X3W 

H 

20.69 

1-95 

10.6 

8X6 

M» 

56.96 

3  15 

18.  X 

6X3Vi 

Me 

18.88 

1.76 

10.7 

8X6 

^ 

SI.09 

2.8x 

18.2 

6X3Vi 

H 

X6.96 

t.57 

10.8 

1X6 

Ms 

45-12 

2.47 

18.3 

6X3H1 

Me 

15.04 

1.38 

10.9 

6X3V^ 

H 

13. 12 

1. 19 

xx.o  • 

fX3« 

X 

32.21 

3.10 

10.4 

6X3H 

Me 

XI. 09 

1. 00 

XI.  X 

iXM 

Ma 

30.40 

2.90 

10.5 

«X34 

H 

a8.69 

2.71 

X0.6 

<X34 

>M6 

a6.88 

2.52 

10.7 

5X4 

H 

35.31 

3  X5 

XI. 2 

^X.3H 

^ 

25.07 

2.33 

10.8 

5X4 

»M« 

33  17 

2.93 

II. 3 

*X34 

»H« 

23-15 

2.13 

10.9 

5X4 

H 

30.93 

2.71 

II. 4 

?X3lj 

H 

21.33 

1.94 

11. 0 

5X4 

'He 

28.69 

2.50 

II. 5 

-Xi^s 

M« 

19-41 

X.74 

XI. I 

5X4 

H 

26.45 

3.28 

II. 6 

*X34 

W 

17.49 

X.57 

II. 2 

5X4 

Me 

24.11 

2.16 

II  7 

5X3H 

M« 

15-57 

1.38 

11.3 

5X4 

W 

21.76 

1.84 

II. 8 

5X4 

Me 

X9.31 

1.62 

II. 9 

TXjH 

I 

31-57 

3.10 

10.2 

5X4 

H 

16.75 

1.40 

12.0 

TX3H 

»M« 

29.87 

2.90 

X0.3 

:Xi\i 

% 

28.16 

2.71 

X0.4 

5X3^ 

H 

26.88 

2.71 

9  9 

:X34 

»M6 

26.45 

2.52 

xo.s 

5X3H 

'Me 

25.28 

2.53 

10. 0 

7X3^i 

H 

24.64 

2.33 

X0.6 

5X3Vi 

H 

23.68 

2.34 

10. 1 

7X3H 

>M« 

22.83 

2.14 

10. 7 

5X3H 

'He 

21.97 

2.15 

10.2 

7X3^ 

H 

21.01 

1.95 

xo.8 

SX3Vi 

H 

20.27 

1.97 

X0.3 

7X3H 

M« 

19.20 

1.76 

10,9 

5X3H 

Me 

X8.4S 

1.78 

10.4 

7X3V4 

H 

17.28 

1.57 

XX. 0 

SX3W 

H 

16.64 

1.60 

10.4 

7X3H 

Me 

15.36 

1.38 

II. X 

5X3^ 

Me 

14.83 

I.4X 

xo.s 

:X3H 

H 

13.44 

1. 19 

XI. 2 

5X3H 

H 

12.91 

1.22 

X0.6 

5X3^ 

Me 

XO.88 

1.02 

10.7 

«X4 

I 

40.43 

3.55 

XX. 4 

6X4 

»Me 

38.29 

3.33 

IX. s 

6X4 

^/* 

36.16 

3-12 

XI. 6 

5X3 

'Me 

18.56 

2.16 

8.6 

6X4 

6X4 

^Me 

33.92 

2.90 

XI. 7 

5X3 

H 

17.39 

2.00 

8.7 

H 

31.68 

2.69 

XX. 8 

5X3 

'He 

x6.xx 

X.83 

8.8 

^X4 

»He 

29.44 

2.47 

XI.9 

5X3 

W 

X4.83 

1.67 

8.9 

SX4 

H 

27.09 

2.26 

X2.0 

5X3 

Me 

13.55 

I.5X 

9.0 

6X4 

Me 

24.64 

2.0s 

X2.0 

5X3 

H 

12.27 

X.3S 

9.1 

6X4 

H 

22.19 

1.84 

12.  X 

5X3 

Me 

10.88 

X.x8 

9.2 

6X4 
6X4 

He 

19.73 

1.62 

X2.2 

5X3 

H 

949 

X.02 

9.3 

H 

1707 

1.39 

X2.3 

5X3 

Me 

8.00 

0.85 

9.4 
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T«U«  X*  (Continued).    Safe  Uaifonn  Loads  in  Units  of  i  ooo  Ponnds  for 
Steel  Anclee  with  Unequal  Legs 
Neutral  Axis  Parallel  to  Longer  Log 
Maximum  bending  streu,  x6  ooo  lb  periq  in 


Sise. 

Thick- 

i-ft 
•pan 

Maximum 

span.  360 

X  deflection 

Size. 

Thick- 
nesa, 

i-ft 
span 

Maximum 

span.  360 

X  deflection 

in 

in 

in 

Safe 

Safe 

Length, 

in 

Safe 

Safe 

LenRtli 

load 

load 

ft 

k)ad 

load 

fl 

4WX3 

»M6 

18.24 

2.  IS 

8.5 

3    X2V6 

Me 

8.75 

1.2S 

7.0 

4ViX3 

H 

17.07 

1.99 

8.6 

3    X2H 

W 

7.89 

1. 12 

7-0 

4^X3 

»He 

IS. 89 

1.83 

8.7 

3    X2H 

Me 

7.04 

0.99 

7.1 

4^X3 

H 

14.61 

1.67 

8.8 

3    X2H 

H 

6.19 

0.8s 

7.2 

4V^X3 

Ht 

13  33 

LSI 

8.8 

3    X2H 

Me 

5.23 

0.72 

7  .1 

4^4X3 

H 

12.05 

1.3s 

8.9 

3    X2H 

H 

4  27 

0.S8 

7  4 

4HX3 

Me 

10.77 

1  19 

9.0 

4V4X3 

H 

939 

1.03 

91 

3    X2 

H 

^.oi 

0.88 

5  7 

4HX3 

Me 

8.00 

0.87 

9.2 

3    X2 

Me 

448 

0.77 

S8 

4    X3H 

»Me 

24.53 

2.S6 

9.6 

3    X2 

H 

395 

0.67 

5  9 

4    X3V4 

r* 

22.93 

2.37 

9.7 

3    X2 

Me 

3  41 

0.S7 

60 

4    X3V^ 

»Me 

21.33 

2.18 

9-8 

3    X2 

H 

2.77 

0.46 

61 

4    X3H 

H 

19  63 

1.98 

9.9 

4    X3W 

9ie 

17  92 

I  79 

10.0 

2HX2 

H 

4.91 

0.89 

5  S 

4     X3H 

\^ 

16.21 

1.60 

10. 1 

2iiX2 

Me 

4.37 

0.78 

S6 

4    X3V4 

lU 

14.40 

1.41 

10.2 

2^4X2 

H 

384 

0.67 

5  7 

4    XM 

^i 

12.59 

1.22 

10.3 

2MiX2 

Me 

3.31 

0.S7 

5-8 

4    X3^^ 

M« 

10.67 

1  03 

10.4 

2V4X2 

Vi 

2.67 

0.46 

5  9 

4    X3 

>Me 

17.92 

2.15 

8.3 

2HX2 

Me 

2.13 

0.35 

6.0 

4    X3 

H 

16.7s 

1.99 

8.4 

2HX2 

H 

1.49 

0.23 

6.1 

4    X3 
4    X3 

»Vie 

15  57 
14 -40 

1.83 
1.67 

8.5 
8.6 

2WXl4 

Me 

1. 81 

0.41 

4-4 

4    X3 
4    X3 

91e 
^4 

13  12 
11.84 

1. 51 
1.35 

8.7 
8.8 

2HX1H 

2ViXiH 

Me 

1.49 
1.17 

0.33 

0.25 

4.5 
46 

4    X3 

Me 

10.56 

1.19 

8.9 

2ViXiW 

H 

2.77 

i 
0.67 

4-1 

4    X3 

H 

9.28 

1.03 

8.9 

2HXIV4 

Me 

2.45 

0.S8 

43 

4    X3 

Me 

7.89 

0.87 

9.0 

2MXiV6 

H 

2.13 

0.50 

4.3 

4    X3 

3HX3 
3V^X3 
3^4X3 

H 

»Me 
M 
»He 

6.40 
17.60 
16.43 
IS. 36 

0.70 
2.17 
2.01 
1.85 

91 

8.1 
8.2 
8.3 

2HXiH 
2HXiH 
2>4Xi^6 

Me 
H 
Me 

1.81 
1.49 
1.17 

0.41 
0.33 
oas 

4.4 
4-5 
46 

3HX3 

H 

14.19 

1.69 

8.4 

2    XiH 

H 

2.13 

0.51 

4.2 

3^4X3 

Me 

12.91 

1-52 

8.5 

2    XiH 

Me 

1.81 

0.42 

4.3 

3V^X3 

H 

11.73 

1.36 

8.6 

2    XiW 

H 

1.49 

0  34 

4  4 

3HX3 

Me 

10.45 

1.20 

8.7 

2    XiM 

Me 

117 

0.26 

4  5 

3HX3 

H 

9.07 

1.04 

8.7 

2    Xi'/6 

H 

0.80 

0.17 

4.6 

3HX3 

Me 

7.68 

0.87 

8.8 

2    XiU 

M 

X.04 

0.28 

3  7 

3HX3 

H 

6. 19 

0.70 

8.9 

2    XiM 

Me 

0.80 

0.21 

3-8 

3HX2H 

»Me 

10.56 

1. 51 

7.0 

3WX2H 

H 

9.81 

1.39 

7.1 

iMXiH 

w 

1. 01 

0.28 

3.6 

3HX2H 

Me 

8.96 

1.26 

7.1 

iMXiM 

Me 

0.80 

0.22 

3.7 

3HX2W 

H 

8. II 

1. 13 

7«2 

iMXiVi 

H 

0.S6 

o.is 

3.8 

3ViX2H 

Ml 

7.2s 

0.99 

7.3 

3^X2».4 

H 

6.29 

0.8S 

7.4 

iHXiW 

Me 

1.17 

0.34 

3.4 

3HX2H 

Me 

533 

0.71 

7.5 

iHXiH 

H 

0.99 

0.28 

3-S 

3^XaH 

W 

4.37 

0.58 

7.6 

iHXiH 

Me 

0.78 

0.22 

3.6 
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IiM*  XL*    Safe  Uniform  Loads  ia  Unite  of  i  ooo  Ponada  for  Stool  Tooa 
whh  Noatral  Aiia  Paiattel  to  Flaago 

Maximum  bending  stress,  i6  ooo  lb  per  sq  in 

XQUAL  FLANGE  AMD  STEM 


Maximum 

Maximum 

i-ft 

»pan.36o 

i-ft 

span.  360 

si«      1 

Weight 

span 

X  deflec- 

Size 

Weight 

span 

Xdeflec- 

per 

tion 

pa- 

tion 

foot, 
lb 

foot, 
lb 

•'-;« 

Stem 

Safe 

Safe 

L'gth 

Flnge 

Stem 

Safe 

Safe 

L'gth 

:3     , 

in 

load 

load 

ft 

in 

in 

load 

load 

ft 

i      , 

4 

135 

21. SS 

1.89 

XI. 4 

2H 

aM 

4.x 

341 

0.53 

4      ! 

4 

10.5 

16.85 

1.45 

II. 6 

a 

a 

4  3 

331 

0.59 

J-4 

3H 

11.7 

16.32 

1.6s 

9.9 

a 

a 

356 

2.77 

0.49 

yi\ 

3H 

9.a 

12. 69 

127 

10.0 

iH 

iH 

3.09 

2.03 

0.41 

I  ! 

3 

99 

"73 

1.41 

8.3 

iH 

xH 

2.47 

1.49 

0.36 

3 

3 

8.9 

10. 45 

1.24 

8.4 

iH 

ly^ 

1.94 

X.I7 

0.27 

J 

3 

78 

9  17 

1.08 

8.5 

iH 

iH 

2.02 

1. 01 

0.30 

1 

3 

6.7 

7.89 

0.92 

8.6 

iH 

iH 

X.59 

0.78 

0.22 

i4 

ah 

6.4 

6.29 

0.90 

7.0 

1 

X 

X.25 

0.49 

0.18 

-'a 

2\i 

55 

5.33 

0.7S 

71 

I 

I 

0.89 

0.35 

o.xa 

•4 

a>4 

4.9 

4.37 

0.69 

6.3 

UNEQUAL  FLA> 

rCB  AN 

D  STEl 

If 

Maximum 

Maximmn 

sac 

Weight 

I-ft 
•pan 

span.  360 
X  deflec- 

Si 

ze 

Weight 

l-ft 

■pan 

span.  360 
Xdefleo- 

per 

tion 

per 

tion 

foot 
lb    ' 

foot, 
lb 

^XR.  Stem 

Safe 

Safe 

L'gth 

Plnge 

Stem 

Safe 

Safe  L'gth 

in 

in 
3 

load 

load 

ft 

in 

in 

trad 

load 

ft 

5     1 

134 

II. 4X 

1.25 

9.1 

3H 

3 

10.8 

12.05 

1  42 

8.5 

,    5     ! 

2H 

10.9 

896 

1.20 

7.5 

3H 

3 

8.5 

9  49 

1.09 

8.7 

44 

3H 

IS  7 

22.72 

2.37 

9.6 

3W 

3 

7.S 

9  07 

X  04 

8.7 

.  44 ; 

3 

9« 

971 

1.07 

91 

3 

4 

II. 7 

20.69 

1.92 

10.8 

44  1 

3 

8.4 

8.3a 

0.90 

92 

3 

4 

los 

18.35 

X.68 

10.9 

;  *-^ ' 

JH 

9.a 

6.7a 

0.87 

7.7 

3 

4 

92 

16.11 

X.47 

II.O 

'    44 

aH 

7.8 

5.76 

0.74 

7.8 

3 

3V4 

X0.8 

XS.89 

1.66 

9.6 

'  < 

5 

15.3 

33.39 

a.40 

139 

3 

3H 

9  7 

14. 19 

1.46 

9.7 

■  * 

S 

119 

2592 

1.84 

14.  X 

3 

ZH 

8.5 

12.37 

x.a6 

9.8 

'  * 

4M 

14.4 

27.09 

2.IS 

12.6 

3 

2\i 

7  X 

6.40 

0.89 

7.2 

4 

4H 

II. a 

21. 12 

1. 65 

X2.8 

3 

2Ki 

6.1 

5.55 

0.76 

7.3 

,    * 

3 

9. a 

9.60 

1.08 

8.9 

2H 

3 

7.x 

8.96 

1.08 

8.3 

'    4 

3 

7.8 

8.21 

0.90 

9.1 

2H 

3 

6.X 

7.68 

0.91 

8.4 

4 

aH 

8.5 

6.61 

0.87 

7.6 

2H 

iM 

a.87 

0.93 

o.a5 

3.7 

.    4 

aH 

7.a 

5.65 

0.73 

7.7 

a 

xH 

3.09 

1.60 

0.36 

4.4 

.    4 

a 

7.8 

4-27 

0.70 

6.1 

iH 

a 

a.45 

2^3 

0.37 

55 

4 

2 

6.7 

3.63 

0.59 

6.2 

iH 

xH 

x.25 

0.57 

0.15 

3-7 

34 

4 

ia.6 

21. la 

1.90 

IX. I 

iH 

H 

0.88 

0.14 

0.07 

19 

34 

4 

9.8 

16.53 

1.46 

ir.3 

'  fma  Pocket  Cpstpaaioa, 


1, 19x5  Edition,  Camciie  Sted  Conpanir,  Pittebuiih,  Pa. 

Digitized  by  VjOOQIC 


692  Strength  of  Beams  and  Beam  Girders  Chap.  15 

Bethlehem  I  Beams.*  Betblehbii  X  beams  from  8  to  94  in  in  depth,  in- 
clusive, have  the  same  strength,  or  section-modulus,  as  Standard  beams  of  the 
same  depth.  Bethlehem  beams,  due  to  the  proportions  of  the  sections,  weigh 
generally  10%  less  than  standard  beams  of  the  same  depth  and  strength.  For 
example  (Table  VI,  page  357),  a  Bethlehem  xs-in  X  beam,  weighing  54  lb  per 
ft,*  has  a  section-modulus  of  81.3.  The  corresponding  standard  section  (Table 
IV,  page  354)  is  a  xj-in  I  beam  weighing  60  lb  per  ft,  with  a  section-modulus  of 
81.2.  Therefore,  for  equal  strength,  the  Bethlehem  beam  weighs  6  lb  per  ft 
less  than  the  standard  beam,  or  a  saving  of  xo%  in  weight.  Similar  com- 
parisons with  other  sizes  of  the  standard  beams  previously  rolled  by  the  mills 
of  this  country  show  that  the  Bethlehem  I  beams  afCord  an  equal  carrying 
capacity,  but  with  practically  10%  less  weight  of  metal. 

Thickness  of  Webs  and  Flanges.  It  is  claimed  that  the  webs  of  standard 
beams  are  much  thicker  than  required  for  a  sdentifially  proportioned  section. 
It  is  impossible  to  reduce  the  web-thickness  in  the  ordinary  mill,  but  with 
the  Grey  Mill  webs  of  the  desired  thickness  can  be  produced.  By  adding  to 
the  FLANGES  part  of  the  metal  thus  saved,  the  strength  of  the  beam  is  main- 
tained, thereby  affording  a  lighter  section  of  the  same  strength.  The  wms 
FLANGES  give  increased  lateral  stiffness,  which  commends  the  use  of  such  beams 
in  many  cases,  where  the  narrow  flanges  and  lack  of  sufficient  lateral  rigidity  . 
prevent  the  use  of  ordinary  standard  beams. 

Depth  and  Weight  of  Bethlehem  Beams.  Formerly  the  heaviest  beams 
rolled  in  this  country  were  24  in  deep,  weighed  1x5  lb  per  ft,  and  had  a  section- 
modulus  of  246.3.  Whenever  greater  strength  was  required,  a  riveted  girder 
was  necessary.  Bethlehem  beams  are  rolled  to  a  maximum  depth  of  30  in, 
weigh  200  lb  per  ft,  and  have  a  section-modulus  of  610,  or  two  and  one-half 
times  the  strength  of  the  largest  beam  previously  rolled.  The  opporttmity  for 
using  rolled  beams  instead  of  built-up  riveted  girders  b,  therefore,  greatly 
increased.  These  rolled  beams  and  girders  afford  a  saving  in  weight  of  metal 
and  also  a  large  economy  in  cost  of  fabrication,  as  they  do  not  require  the 
punching,  assembling  and  riveting  necessary  for  building  a  riveted  girder. 

Bethlehem  Girder  Beams.*  Bethlehem  girder  beams,  from  8  tb  24  in 
in  depth,  inclusive,  have  a  strength,  or  section-modulus,  equal  to  that  of  two 
minimum-weight  standard  I  beams  of  the  same  depth.  The  girder  beam, 
however,  weighs  generally  i2V4%  less  than  the  combined  weight  of  the  two 
standard  beams,  not  considering  the  saving  in  weight  of  separators  needed  for 
assembling  the  standard  beams  into  a  girder.  For  example,  a  Bethlehem  15-in 
girder  beam,  weighing  73  lb  per  ft  has  a  section-modulus  of  11 7.8  (Table  VII, 
page  358).  Two  standard  15-in  I  beams,  each  weighing  42  lb  per  ft,  have 
together  a  like  section-modulus  of  1x7.8  (Table  IV,  page  354).  Thus,  for  equal 
depth  and  strength,  the  girder  beam  weighs  11  lb  per  ft  less  than  the  two 
standard  beams.  This  is  a  saving  of  13%  in  weight,  not  including  separators, 
which  would  add  at  least  2H  lb  per  ft  more  to  the  weight  of  the  assembled 
girder.  In  this  case  a  total  saving  of  x6%  in  weight  is  afforded  by  the  Bethle- 
hem  girder  beam,  besides  the  saving  in  the  cost  of  assembling  the  standard 
beams  into  a  girder. 

Safe  Uniformly  Distributed  Loads  for  Bethlehem  I  Beams  and  Girder 
Beams.  Tables  XII  *  and  XIII,*  pages  594  to  602,  give  the  safe  itniformly 
distributed  loads  in  tons  of  2  000  lb,  on  Bethlehem  girder  beams  and  Xheams 
fur  a  maximimi  fiber-stress  of  x6  000  lb  per  sq  in.    The  tabular  loads  include 

*  Adapted  by  permission  from  the  Catalogue  of  Bethlehem  Stmctuxal  Shapes,  Bethlo- 
hem  Steel  Company,  South  Bethlehem,  Pa. 
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the  weight  of  the  beam,  which  must  be  deducted  to  obtain  the  net  load  a  beam 
will  support.  Safe  loads  for  intermediatb  or  heavier  weights  of  beams  can 
be  obtained  from  the  separate  column  or  coreections,  given  for  each  size. 
This  last  column  of  the  table  states  the  increa.se  in  safe  load  for  each  pound 
of  increase  in  weight  per  foot  of  beam.  If  the  load  b  concentrated  at  the 
lODDLE  OP  the  span,  the  safe  load  b  one-half  the  safe  uniformly  distributed 
load  for  the  same  span.  The  safe  loads  on  short  spans  may  be  limited  by 
the  shearing  strength  of  the  web,  instead  of  by  the  maximum  fiber-stress 
allowed  in  the  flanges.  This  limit  is  indicated  in  the  tables  by  the  heavy  hori- 
xontal  lines.  The  loads  given  above  these  lines  are  greater  than  the  sate  crip^ 
PLING  or  BUCKLING  STRENGTH  Of  THE  WEB,  and  must  not  be  used  unless  the 
webs  are  stiffened*  In  such  cases  it  will  generally  be  advisable  to  select  a 
heavier  beam  with  a  thicker  web.  To  use  these  tables  for  other  spans,  or  for 
other  distribution  of  the  loading,  see  explanation,  page  566.  To  use  these  tables 
for  beams  not  secured  against  yielding  laterally,  see  Lateral  Deflection, 
pages  566  and  670. 

*  See  peFBgraphs''and  accompanying  foot-note,  page  567.  relating' to  web-buckling  of 
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Table  Xn.    Safe  Unif onn  Loads  in  Tons  of  a  ooo  Pooads  for  Betht^Mm 
Girder  Besma 

Beams  secared  against  yielding  sidewise 


30-inG 

28-inG 

a6-inG 

Span, 
ft 

i8 

Add  for 
each  lb 

Add  for 
each  lb 

Add  for 
each  lb 

G3oa 

G30 

increase 

G28a 

G28 

incraase 

G26a 

G26 

increase 

in 
weight 

in 
weight 

150  lb 

in 
weight 

200  lb 

t8olb 

180  lb  j  165  lb 

160  lb 

180.7s 

161.87 

0.44 

153-75  1138.89 

0.41 

128. II 

117.47 

0.38 

19 

171.24 

15335 

0.41 

145.66  J131.S8 

0.39 

121.37 

III. 29 

0.36 

20 

162.68 

145.68 

0.39 

138.38  JI2S.0O 

0.37 

115.30 

105.72 

0.34 

21 

154.93 

138.74 

0.37 

131.79    11905 

0.35 

109.81 

100.69 

0.32 

22 

147.89 

132.44 

036 

125.80    113.64 

0.33 

104.82 

96.11 

0.31 

23 

141.46 

126.68 

0.34 

120.33    108.70 

0.32 

100.26 

91  93 

0.30 

24 

135.56 

121.40 

0  33 

IIS. 31  '104.17 

0.31 

96.08 

88.10 

•0.28     1 

25 

130.14 

116.55 

0.31 

110.70  '100.00 

0.29 

92.24 

84  58 

0.27 

26 

125.14 

112.06 

0.30 

106.44     96.16 

0.28 

88.69 

81.32 

026 

27 

120.50 

107.91 

0.29 

102  SO     92.60 

0.27 

85.41 

78.31 

0.25 

28 

116.20 

104.06 

0.28 

98.84  ■  89.29 

.    0.26 

82.36 

75. 52 

0.24 

29 

112. 19 

100.47 

0.27 

95  43  1  86.21 

0.2S 

79  52 

72.91 

0.23 

30 

108.4s 

97  12 

0.26 

92.25      83.34 

0.24 

76.87 

70.48 

0.23     i 

31 

104.9s 

93  99 

0.25 

89.27      80.65 

0.24 

74.39 

68.21 

0.22 

32 

101.67 

91  05 

0.25 

86.48      78.13 

0.23 

72.06 

66.08 

0.21 

33 

98.59 

88.29 

0.24 

83.86  ■  75.76 

0.22 

69.88 

64.07 

0.21     1 

34 

95.69 

85.70 

0.23 

81.40  '  73- S3 

0.22 

67.82 

62.19 

0.20 

35 

92.96 

83.25 

0.22 

79.07  ,  71.43 

0.21 

65.88 

60.41 

0.19 

36 

90.38 

80.93 

0.22 

76.88      69.45 

0.20 

64.0s 

58.73 

0.19 

37 

87.93 

78.75 

0.21 

74.80      67.57 

0.20 

62.32 

57.15 

0.18 

38 

8s.  62 

76.67 

0.21 

72.83      65.79 

0.19 

60.68 

55.64 

0.18 

39 

83.42 

74.71 

0.20 

70.96      64.10 

0.19 

59  13 

54  22 

0.17 

40 

81.34 

72.84 

0.20 

69.19 

62.50 

0.18 

57.65 

52.86 

0.17 

41 

79.35 

71. o5 

0.19 

67.50 

60.98 

0.18 

56.24 

51.57 

0.17 

42 

77.47 

69.37 

0.19 

65.89 

59  53 

0.17 

54.90  ;  50.34 

0.16 

43 

75.66 

67.76 

0.18 

64.36 

58.14 

0.17 

53.63 

49.17 

0.16 

1        44 

73.94 

66.22 

0.18 

62.90  1  56.82 

0.17 

52.41 

48.06 

o.is 

1        45 

72.30 

64.75 

0.17 

61.50 

55.56 

0.16 

SI.  24 

46.99 

o.is 

1       46 

70.73 

63.34 

0.17 

60.16 

54. 35 

0.16 

so.  13 

45.97 

0.15 

!       47 

69.22 

61.99 

0.17 

58.88 

53.19 

0.16 

49.06  ,  44.99 

0.14 

1       ^ 

67.78 

60.70 

0.16 

57.66 

52.09 

0.15 

48.04 

44.  OS 

0.14 

Safe  loads  given  include  weight  of  beam 
Maximum  fiber-stress,  x6  000  lb  per  sq  in 
The  section-numbers  are  given  for  convenience  in  identification  and  ordering 
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TaM«  Xn  (Cotttiamd).    Safe  IToifonii  Loads  ia  Tons  of  a  ooo  Pounds 
for  BotiilolMai  Girder  Beams 


Beams  secned  a«aiiist  yieidiag  aidewiae 

Span, 
ft 

a4-m  O 

Add  for 
each  lb 
increase 

20-in  G 

Add  for 
each  lb 
increase 

i8-in  G 

Add  for 
each  lb 
increase 

Ga4a 

G24 

Gaoa 

G2O 

G18 

in 
weight 

in 

weight 

in 
weight 

MO  lb 

120  lb 

140  lb 

112  lb 

92  lb 

la 

I 15.61 

143  64 
133  38 
124. 4« 

133.60 

12333 
114  52 
106.88 

100.20 

0.52 
0.48 
0.45 

0.42 

0.39 
0.37 
0.3s 
0.33 
d.31 

130.43 

104.09 

0.44 

0.40 
0.37 
0.3S 

0.33 
0.31 
0.29 
0.28 
0.26 

78.59 

0.39 
0.36 
0.34 
0.31 

0.29 
o.aB 
0.26 
0.25 

0.24 

13 
14 
15 

120.40 
III. 80 
104.34 

97.82 
92.07 
86.95 
82.38 
78.26 

96.09 
89  23 
83.28 

78.07 
73.48 
69.40 
65.74 
62.46 

72.54 
67.36 
62.87 

58.94 
55. 47 
52.39 
4963 
47.15 

i6 

116.71 

109.84 
103.74 
98.28 
93.37 

17 
20 

94  31 
89.07 
84.38 
80.16 

21 
22 
23 
24 
25 

88.92 
84.88 
81.19 
77.80 
74.69 

76.3s 
72.88 
69  71 
66.80 
64.1s 

0.30 

0.29 

0.27 
0.26 
0.2s 

74.53 

71.14 
68.0s 
65.22 
62.61 

59.48 
56.78 
54-31 
53.05 
49.97 

0.25 

0.24 
0.23 
0.22 
0.21 

44.91 
42.87 
41.00 
39  29 

37.72 

0.22 
0.21 

0.30 

o.ao 
0.19 

!  5 

1  : 

1       ^ 

71.82 
1     69.16 
66.69 
64.39 
62.24 

61  66 
5938 
57.26 
55.29 
53  44 

0.24 
0.23 
0.22 
0.22 
0.21 

60.20 
57.97 
55.90 
53.97 
52.17 

48.04 
46.26 
44  61 
43.07 
41.64 

0.20 
0.19 
0.19 
0.18 
0.17 

36.27 
34.93 
33  68 
32.52 
31  43 

0.18 
0.17 
0.17 
0.16 
0.16 

31 
32 
33 
34 
35 

I     60.24 
'     58.35 
56.S8 
,     54.92 
,     53.35 

51-72 
50.10 
48.58 
47.15 
45.81 

0.20 

0.20 
0.19 
0.18 
0.18 

50.49 
48.91 
47.43 
46.04 
44.72 

40.30 
39.04 
37.85 
36.74 
35.69 

0.17 
0.16 
0.16 
0.15 
0.15 

30.42 
29. 47 
28.58 
27.74 
26.94 

0.1s 
0.15 
0.14 
0.14 
0.13 

3S 

1     51.87 

44-54 

0.17 

43.48 

34.70 

0.15 

26.20 

0.13 

37 
3S 
39 
40 

1     50.47 
49  14 

.     47.88 
46.68 

43.33 
42.19 
41.11 
40.08 

0.17 
0.17 
0.16 
0.16 

42.30 
41.19 
40.13 
39.13 

33.76 
32.87 
32.03 
31.23 

0.14 
0.14 
0.13 
0.13 

25.49 
24.82 
24.18 
23.58 

0.13 
0.12 
0.12 
0.12 

Safe 

loads  giv 

en  inclu( 

Ic  weight 

of  beam.    Maxin 

iian  fiber-« 

tress,  16 

000  lb  per 

•q  tn 
Load 

Is  given  a 

bove  the 

heavy  lie 

esare  gn 

later  tha 

n  safe  loadj 

>  for  web 

(T  *r\   nraV 

■<nippling. 

of  beams 

Safe  loads  given  below  the  lower,  broken  line  cause  deflections  exceeding  H«o 
of  the  span 

The  section-numbers  are  given  for  convenience  in  identification  and  ordering 
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Table  Xn  (Contiiiued).    Safe  Uniform  lioads  in  Tons  of  a  ooo  Pouada 
for  Bethlehem  Girder  Beams 

Beams  secured  against  yielding  sidewise 


i5-in  G 

x2-in  G 

Span. 

ft 

Add  for 
each  lb 

Add  for 
each  lb 

Gisb 

Gi5a 

Ox5 

increase 

Gi2a 

Ge2 

increase 

in 
weight 

in 
weight 

i4olb 

xo4lb 

73  lb 

70  lb 

55  lb 

10 
XI 

113-26 
102.96 

86.76 
7888 

62.83 

0.39 
0.36 

47.89 
43.54 

38.40 
34.91 

0.31 

0.29 

57.12 

12 

94.38 

72  30 

52.  J6 

0.33 

39.91 

32.00 

0.26 

13 

87.12 

66.74 

48.33 

0.30 

36.84 

29.54 

0.24 

U 

80.90 

61.97 

44.88 

0.28 

34. 2X 

27.43 

0.22 

IS 

75  51 

5784 

41.89 

0.26 

31.93 

25.60 

0.21 

i6 

70.79 

54  23 

39  27 

0.2s 

29.93 

24.00 

0.20 

17 

66.62 

51  04 

36.96 

0.23 

.   28.17 

22.59 

0  19 

x8 

62.92 

48.20 

34  91 

0.22 

26.61 

21.33 

0.18 

19 

5961 

45.67 

3307 

0.21 

25.31 

20.21 

0.17 

20 

56.63 

4338 

31.42 

0.20 

2395 

19.30 

0.16 

21 

-  53  93 

41  32 

2992 

0.19 

22.81 

18  28 

0x5 

22 

51.48 

39  44 

28.56 

0.18 

21.77 

17  45 

0x4 

23 

49  34 

37.72 

27.32 

0.17 

20.82 

16.69 

0.14 

24 

47- 19 

36.15 

?6.i8 

0.16 

_.J9.95 

16.00 

0X3 

25 

45.30 

34  71 

25.13 

0.16 

19.16 

"iV.S" 

0.13 

26 

43.56 

33.37 

24.17 

o.is 

X8.42 

14.77 

0.12 

27 

41.95 

32.13 

23.27 

0.15 

17.74 

14.32 

0.12 

28 

40.45 

30.99 

22.44 

0.14 

17.10 

13  71 

O.II 

29 

3905 

29.92 

21.67 

0.14 

16.51 

13.24 

O.XX 

30 
31 

_  _37^7S_ 

..i*-??.. 

20.94 

0.13 
0.13 

IS. 96 
15.45 

12.80 
12.39 

O.IO 
0.10 

36.54 

27.99 

20.27 

32 

3539 

27.11 

19  63 

0.12 

14.97 

12.00 

O.IO 

33 

34.32 

26.29 

19  04 

0.12 

14. 51 

11.64 

O.IO 

34 

33.31 

25  52 

18.48 

0.12 

14.09 

11.29 

0.09 

35 

32.36 

24.79 

17  95 

O.II 

13.68 

10.97 

0.09 

eight  of  b< 

iam.    Mali 

mum  fiber-stress,  16  ( 

xolb  per 

sq  in 

Load  given  above  the  hea 

vy  line  is 

greater  tha 

n  a  safe  load  for  web- 

crippling. 

See  paragraphs  and  accom^ 
of  beams. 
Safe  loads  given  below  the 

nying  foot 

-note,  page 

567,  relating  to  web 

-buckling 

lower,  brc 

ken  lines  c 

Ause  deflections  excee 

ding  \Uo 

of  the  span. 

The  section-numbers  are  gi 

ivenforco 

nvenience  i 

n  identification  and  c 

ntlering 

y  Google 
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Tltble  XZZ  (Contiaood).    Safe  Uniform  Loads  in  Tons  of  a  ooo  Pounds 
for  Bethlehem  Girder  Beams 

Beams  secured  against  yielding  sidewise 


Span, 
ft 

lo-in-G 

Add  for 
each  lb 

increase 

in 
weight 

Span, 
ft 

9-in  G 

Add  for 
farhlb 
increase 

in 
weight 

8.inG 

Add  for 
each  lb 
increase 

in 
weight 

Gio 

G9 

G8 

44  lb 

381b 

32.5  lb 

lO 

26.0s 

23.68 
21.71 
20.04 
18.61 
17.37 

16.28 
15.32 
14.47 
13.71 
13.03 

0.26 

0.24 
022 
0.20 
0.19 
0.17 

0.16 
CIS 
o.is 
0.14 
0.13 

0.12 
0.12 

O.II 
C.ll 

0.10 

O.IO 

0.10 
0.09 
0.09 
0,09 

0.08 
0.08 
0.08 
0.08 
0.07 

6 
7 
8 
9 

10 

11 
12 
13 
14 
IS 

16 

17 
18 

19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 

30 

40.50 

3375 
38.93 

0.47 

0.39 
0.34 
0.29 
0.26 
0.23 

0.21 
0.20 
0.18 
0.17 
o.i6 

o.,s 

0.14 
0.13 

0.12 
0.12 

O.ll 
O.ll 
O.IO 
O.IO 
0.09 

0.09 
0.09 
0.08 
0.08 
0.07 

30.  SI 
2542 

0.42 

0.3S 
0.30 
0.26 
0.23 
0.21 

0.19 
0.17 
0.16 
0.15 
0.14 

0.13 
0.12 
0.12 

O.II 
O.IO 

O.IO 

0.09 
0.09 
0.08 
0.08 

21.79 
1907 
16.9s 
15-25 

13.87 
12.71 
11.73 
10.90 
10.17 

953 
'"8:97" 
8.47 
8.03 
7.63 

7.26 
6.93 
6.63 
6.36 
6.10 

i8 
19 
20 

25. 31 
22.50 

20.25 

18.41 
16.88 
1558 
14.47 
13.50 

12.66 
XI.  91 

11. 25 

10.13 

964 
9.21 
8.80 
8.44 

8.10 

7.79 
7.  SO 
7.23 
6.98 
6.75 

21 

23 

23 
24 
2S 

26 
27 
2S 
29 
30 

31 
32 
33 
34 
35 

12.40 

11.84 
II  33 
10.8s 
10.42 

10.02 
96s 
9.30 
8.98 
8.68 

8.40 
8.14 
7.89 
7.66 
7.44 

Safe  loads  given  include  weight  of  beam.    Maximum  fiber-stress.  16  000  lb  per 
sqin 

Loads  given  above  the  heavy  lines  are  greater  than  safe  loads  for  web-crippling. 
See  paragraphs  and  accompanying  foot-note,  page  567.  relating  to  web-buckling 
of  beams 

Safe  loads  given  below  the  lower,  broken  lines  cause  deflections  exceeding  H«o 
of  the  span. 

The  section-numbers  are  given  for  convenience  in  identification  and  ordering 

y  Google 
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Strength  of  Beams  and  Beam  Girders 


Chap.  15 


Tabl*  zm.    S«f •  Uniform  Louis  in  Tons  of  a  ooo  Pmiads  for  Bethlehem 


Beams  Mcnred  agtiut  yielding  sidewiie 


Span, 
ft 


i8 
19 
20 


23 
24 
as 

26 
27 

2S 

29 

30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
43 
44 

45 

46 

47 
48 


30-inI 


B30 


laolb 


10(3. 50 
98.0s 
93.15 

88.71 
84.68 
81.00 
77  62 
74.52 

71  65 
69  00 
66.S4 
64.24 
63.10 

60.10 
58.23 
56.4s 
5479 
53  23 

51. 75 
5035 
49  03 
47.77 
46.57 

45  44 
4436 
43  33 
42  34 
41.40 

40.50 
39  64 
38.81 


Add  for 
each  lb 
increase 

in 
weight 


0.44 

0.41 
0.39 

037 
o  36 
034 
033 
0.31 

0.30 
o  29 
0.38 
0.27 
0.36 

0.25 
0.2s 
0.24 
0.23 
0.33 

0.32 
0.2X 
0.21 
0.20 
0.20 

0.19 
0.19 
0.18 
0.18 
0.17 

0.17 

0.17 

0.16 


aft-ini 


B28 


xoslb 


8495 
80.48 
76.46 

72.83 

69.51 
66.49 
63.72 
61.17 

58.81 
56.64 
54  61 
52.73 
SO.97 

49  33 
47  79 
46.34 
44.98 
43.69 

42.48 
41  33 
40.24 
39  21 
38.23 

37.30 
36  41 
35.56 
34.75 
33.98 

33  24 
32.54 
31-86 


Add  for  I 

each  lb  i  ~ 

increase  < 

in 

weight  I 


36.inl 


0.41 
0.39 
0.37 

o  35 
o  33 
o  32 
0.31 
0.39 

0.28 
0.27 
0.26 
0.25 
o  24 

0.34 
o  23 

0.22 
0.33 
0.31 

0.30 
0.20 
0.19 
0.19 
0.19 

0.18 
0.18 
0.17 
0.17 
0.16 

0.16 
0.16 

o.is 


B26 


90  lb 


67.86 
64.29 
61.07 

S8  16 
55  52 
S3  II 
50.89 
48.86 

46.98 
45  24 
43  62 
42.12 
40.71 

^  39.40 
38.17 
37  01 
35.92 
34  90 

33  93 
33  01 
32.14 
31.32 
30.54 

29-79 
39.08 
28.41 
27-76 
27.14 

26. SS 
25  99 
25.45 


Add  for 
each  lb 
increase 

in 
weight 


0.38 
0.36 
0.34 

o  32 
0.31 
0.30 
0.28 
0.27 

0.26 
0.25 
0.24 
0.23 
0.23 

0.22 
0.21 

0.3I 
0.30 
0.19 

0.19 
0.18 
0.18 

0.17 
0.17 

0.17 
0.16 
0.16 
O.IS 
O.IS 

o.is 
0.14 
0.14 


Safe  loads  given  include  weight  of  beam.    Maximum  fiber-stress,  16  000  lb  per 
sqin 
The  section-numbers  are  given  for  convenience  in  identification  and  ordering 


y  Google 
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TiUe  Zm  (ContiiuMd).    Safe  Uaifona  Loads  in  Tons  of  a  ooo  Pounds 
for  Bethlehem  I  Beams 

Bssms  secttred*sgunst  yieldiiig  sidewiae 


24-inI 

Addfor 
eachlb 
increase 

in 
weight 

20-in  I 

Add  for 
each  lb 
increase 

in 
weight 

B34a 

Ba4 

Bsoa 

B20 

1 

84  lb 

73  lb 

82  lb 

72  lb 

691b 

641b 

59  lb 

88. » 

7745 

71  49 
66.38 

0.52 
0.48 
0.45 

69.33 
63.99 
59  42 

65.18 

56-40 
5206 
48-34 

54.33 
50.14 
46.S6 

52.10 

0.44 
0.40 
0.37 

13  '  81.43 

14  ,  75-63 

60.17 
55  87 

48.09 
44.65, 

IS       70.S8 

6x  96 

0.43 

5546 

52.14 

45  13 

43  45 

41.68 

0.35 

i6       tf.l6 
17    ,  62 -rj 

58.08 
54  67 

0.39 
0.37 
0.35 
0.33 
0.31 

51-99 
48.94 
46.32 
43  78 
41.60 

48.88 
416.01 

43  45 

41.17 
39." 

43.30 
3981 
37-60 
35-63 
33.84 

40.74 
3834 
36.21 
34.31 
32  59 

39.07 
36.77 
34  73 
33.90 
31.36 

0.33 
0.31 
0.39 

0.38 
0.36 

|8    1  s8.8i 
19       55  73 
»    ,  S3  93 

SI  63 
48.91 
46.47 

ii    '  50.41 

22         48  13 
2i        46.03 
24       44-11 
'5      43  35 

44.36 
43.34 
40.41 

37- iY 

0.30 
0.29 
0.27 
026 

0.35 

3961 
37.81 
36.17 
34.66 
33.28 

37.25 
35. 55 
34  01 
32.59 
31  39 

33  33 

30-76 
29  43 

38. 30 
27.07 

31  04 
2963 
38.34 
37.16 
26.07 

39.77 
38.43 
37.18 
26.05 
35.01 

0.2s 

0.34 
0.23 

0.22 
0.31 

j6    ,  40.73 

?7    1  39  31 

a    37.81 
39     36.50 

30      35-39 

35-74 
34-43 
33  19 
33.0s 
30.98 

0.24 
0.23 
0.2a 
0.22 
0.21 

33.00 
30.81 
29.71 
38.69 
37.73 

30.08 
38.97 
37  93 
36.97 
36.07 

36.03 

35.07 
24-17 
33.34 

32.56 

35.07 
24.14 
23.38 
32.48 
21.73 

24.04 

23.1s 
33.33 
31.  s6 
30.84 

0.20 
0.19 
0.19 
0.18 
0.17 

31 
32 
3J 
M 
JS 

34. IS 
3J.08 
33.08 
31  M 

30.25 

39.98 
39.04 
a8  16 
37  33 
36.55 

0.20 
0.20 
0.19 
0.19 
0.18 

36.84 
26.00 
35.31 
34.47 
33.77 

25.33 
34-44 
33.70 
33-00 
33.35 

21-83 
21.15 
20.51 
19.90 
19.34 

21.03 
30.37 
19  75 
19.17 
18.63 

30.17 

19.54 
18.94 
18.39 
17.86 

0.17 
0.16 
0.16 
0.15 
0.15 

J6 
37 
38 
39 
40 

3941 

,  28  61 
37.86 
37.14 
36.47 

35.83 
35.13 
34  46 
33  «3 
.3.3 

0.17 
0.17 
0.17 
0.16 
o.i5 

33-11 
22.48 
21.89 
21.33 

20.80 

31.73 

31.14 

30.58 

20.06 
19. 55 

18.80 

18.29 

17.81 

1735 
16.92 

x8.ii 
17.62 
17.  IS 
16.71 
16.30 

17.37 
16.90 
16. 45 
16.03 
15.63 

o.is 
0.14 
0.14 
0x3 
0.13 

Safe 

loads  9 

Iven  inc 

lude  weigli 

tofbea 

m.    Mfl 

JUlDUOS 

fiber-stress,  16 

Kx>lb  per 

Urn 

ofbea 

The 

fcgiTen 
tragxaph 
ms 
•ectkm- 

s  and  a 
ottmbei 

he  heavy! 
ocompanyi 

■Bare  given 

mesara 
ng  foot* 

for  con 

greater 
note,  pa 

venienc 

than  sal 
8es67. 

einide 

h»  loads 
relating 

nUficatl 

for  web- 
to  web 

on  and 

crippling, 
-buckling 

ordering 

y  Google 
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Strength  of  Beams  and  Beam  Girders 


Chap.  15 


Table  Zm  (Contintted).     Safe  Uniform  Loads  in  Tons  of  aooo  Pounds 
for  Bethlehem  I  Beams 


i8-inl 

15-in  I 

Span. 
ft 

Add  for 
each  lb 

Add  for 
each  lb 

Bi8 

increase 

Bi5b 

Bisa 

Bis 

increase 

in 
weight 

in 
weight 

59  lb 

54  lb 

48.slb 

71  lb 

54  lb 

461b 

41  lb 

38  lb 

13 

43.63 

40  36 

41.58 
38.38 

3943 

0.39 
0.36 

47.18 
43.55 

36.15 
33  37 

28.73 
26.52 

37.06 
34.98 

36.33 

34.31 

0.33 
0.30 

3639 

24 

37-39 

3564 

33  79 

0.34 

40.44 

30.99 

34.63 

23.19 

33.48 

o.aS 

IS 

34.90 

33.26 

31  54 

0.31 

37.75 

38.93 

33.98 

31.6s 

30.98 

0.35 

i6 

32.71 

31.18 

2956 

0.39 

35-39 

37-11 

31.55 

3O.30 

19.67 

0.36 

17    1 

30.79 

2935 

37.83 

0.38 

33.30 

35-52 

30.28 

19.10 

X8.51 

0.33 

i8 

29.08 

27.72 

26.38 

0.^ 

31-45 

34.10 

19  IS    18.04 

17.49 

0.33 

19 

37-55 

36.36 

24.90 

0.35 

29.80 

32.83 

18.14    17.09 

16.56 

0.31 

20 

36.,7 

2495 

23.6s 

0.34 

28.31 

21.69 

17.34    16.34 

15.74 

0.30 

21    . 

24.93 

33.76 

22.53 

0.33 

36.96 

30.66 

16.43    15.46 

14. 99 

0.19 

32 

23.79 

3268 

21.50 

0  31 

35  74 

1972 

15.67-  14.76    14.31 

0.18 

23 

22.76 

21.70 

20.57 

0  21 

34.62 

18.86 

14.99    14  12 

1368 

0.17 

34 

21.81 

3079 

19  71 

0.20 

2359 

18.07 

14.36    13  S3 

13.11 

0.16 

2S 

30.94 

1996 

18.92 

0.19 

33.6s 

1735 

13  79j  12.99 

12.59 

0.16 

26 

30.13 

19  19 

18.19 

0.18 

31.78 

16.68 

1 
13  26    13. 49 

12.11 

o.is 

27 

19  39 

18.48 

17  52 

0.17 

30.97 

16.07 

12.77    13. 03 

11.66 

0.1s 

28 

18.69 

17.8a 

16.89 

0.17 

30.33 

15.49 

13.31     11.6f> 

11.24 

0.14 

29 

18.  OS 

17  31 

16.31 

0.16 

19  52 

1496 

11.89;    11. 30 

10.85 

0.14 

30 
31 

X7  4S 
16.88 

16.63 
16.10 

15-77 
15.36 

0.16 
0.1s 

18^87 

14.46 

11^49    10  82 

10.49 

0.13 
0.13 

18.26 

1399 

11.12,    10.47 

10.15 

32 

16.36 

IS.  59 

14.78 

0.15 

17.69 

13.56 

10.77  10.15,  984 

0.13 

33 

XS.86 

15-13 

14.33 

0.14 

17.16 

13  IS 

10.45     984;     9  54 

0.13 

34 

IS.  40 

14.68 

13  91 

0  14' 

16.65 

13.76 

10.14     9  55 

926 

0.13 

35 

14.96 

14.36 

U.S3 

0.13 

16.18 

12.39 

9.85     928 

8.99 

O.ll 

36 
37 

JAJl^. 

.'3W 

13.14 

0.13 
0.13 

15.73 

IS. 30 

12.05 
11.72 

9.58J    9.02 
9.32I    8.78 

8.74 
8.51 

O.II 
O.II 

14.  IS 

13.49 

13.78 

38 

13.77 

13  13 

12.45 

0.13 

14.90 

11.42 

9  07     8.55 

8.28 

O.IO 

39 

13-42 

12.79 

13.13 

0.13 

14.52 

11.12 

8.84I    8.33 

8.07 

O.IO 

40 

13.09 

12.47 

11.83 

0.12 

14.15 

10.84 

8.62     8.12 

7.87 

0.10 

Safe 

oadfl  given  u 

nclude 

weight  of  1 

beam.    Maximum  fiber-«tresa.  x6 

Doolb  per 

8Q  in 
Load 

given  above 

theh« 

aavy  line  i 

s  greater  than  safe  load  for  web- 

crippling. 

See  par 

of  bean 

Safel 

agraphB  and 

lanying  foe 

»t-note,  page  567,  relating  to  web 

-buckling 

dowth 

e  broken  1j 

nes  cauAe  deflections  fnneeding  y 

Uo  of  the 

span 

The  a 

ection-numb« 

n^are 

given  for  a 

snvenience  in  identification  and  c 

>rdering 

y  Google 
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Tafal*  Zm  (Continued).    Safe  Unifona  Loads  in  Tons  of  a  ooo  Poonds 
for  Bethlehem  I  Beams 

Beams  aecuxed  against  yielduig  sidewise 


la^nl 

Add  for 
each  lb 
increase 

in 
weight 

xo-inl 

Add  for 
each  lb 
increase 

in 
weight 

Span, 
ft 

Bus 

B12 

Bio 

361b 

32  lb 

28.slb 

28.5  lb 

33.51b 

9 

ID 

II 
IS 
13 

14 

i6 
17 
i8 
19 
ao 

a6.S9 
2393 

21.76 
19.94 
18.41 
17.09 
15-95 

14.96 
14.08 
13.30 
13.60 
11.97 

11.40 
10.88 
10. 41 
9.97 

22.57 
20.31 

X8.46 
16.92 
15.62 
14.51 
1354 

12.69 
11.95 
il.a8 
10.69 

10.15 

9.67 
9.23 
8.83 
8.46 

21.36 
19.23 

17.47 
16.03 
14.79 
13.73 
13.81 

12.01 
n.31 
10.68 

10. 13 
9.61 

9.15 
8.74 
8.36 

8.01 

0.3S 
0.31 

0.39 
0.36 
0.34 
0.33 
0.3X    • 

0.30 
0.19 
0.17 
0.17 
0.16 

0.15 
0.14 
0.14 
0.13 
0.13 

0.13 
O.I3 
O.II 
O.II 
O.II 

O.IO 
O.IO 
O.IO 
0.09 
0.09 

1595 
14  35 

13.05 
11.96 
11.04 

10.35 

957 

«97 
8.44 
7.97 
7.55 
7.18 

14.57 
13.11 

11.92 
10.92 
10.08 
9.36 
8.74 

8.19 
7.71 
7.28 
6.90 
6.55 

0.39 
0.36 

0.34 
0.33 

0.30 
0.19 

0.17 

0.16 
0.15 
0.15 
0.14 
0.13 

0.13 
0.13 
O.II 
O.II 
O.IO 

O.IO 
O.IO 
0.09 
0.09 
0.09 

M 

aa 

33 
24 

^ 

37 

aB 
a9 
30 

31 
32 
33 
31 
3S 

6.84 
6.52 
6.24 
5.98 
5.74 

5.52 
5.32 
5.13 
495 
4.78 

6.24 
5.96 
5.70 
5.46 
5.24 

5.04 
4.86 
4.68 
4.52 
4.37 

9-57 

9.ao 
8.86 
8.55 
8.25 
998 

7.72 
7.48 
7.2s 
7.04 
6.84 

8.13 

7.81 
752 
7.2s 
7.00 
6.77 

6.55 
6.35 
6.15 
5.97 
5.80 

7.69 

7.39 
7.12 
6.86 
6.63 
6.41 

6.30 

6.01 
5.82 
5.6s 
549 

Safe  loads  given  include  weight  of  beam.     Maximum  fiber-stress.  i6  ooo  lb  per 
sqin 

Salie  loads  given  below  the  broken  lines  cause  deflections  exceeding  Hto  of  the 
span 

The  section-numbers  are  given  for  convenience  in  identification  and  ordering 

y  Google 
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Tabie  Zm  (ContiiuMd).     Safe  Uniform  Loads  in  Tons  of  a  ooo  Potmds 
for  BetMfihw  I  Beams 

Beams  aecund  agsinst  yidding  sidswiM 


9-inI 
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Riveted  Single-Beam  and  DonUe-Beam  Girders.*  Where  a  single 
SOLLED  BEAM  is  insufficient  to  carry  a  load,  the  required  capacity  may  be  secured 
by  fabrication  in  various  ways.  Two  beams  can  be  used,  connected  by  bolts 
and  separators.  The  total  strength  of  these  is  twice  that  of  the  single  beam 
of  the  same  depth  and  weight.  Care  should  be  taken,  however,  to  see  that 
the  loads  are  apportioned  to  them  equally,  and  where  it  is  necessary  for  the 
beams  to  act  as  a  unit,  the  separators  should  consist  of  plates  and  angles  and  not 
be  made  of  cast  iron.  If  the  loading  is  not  imiformly  dbtributed  over  the  two 
beams,  tbe  strength  of  each  must  be  computed  separately.  The  use  of  a  single- 
beam  GtsDEB  with  plates  at  top  and  bottom  to  sustain  a  given  load  is  often  more 
eoonomical  in  material  than  the  use  of  Ti^'O  beams  connected  by  bolts  and 
separators.  The  beam  girders  in  Table  XIV,  pages  605-6,  have  about  twice 
the  carrying  capacity  of  the  single  beams  of  which  they  are  built. 

Tables  XIV  and  XV  give  the  safe  loads  for  the  single  and  double-beam 
GBtDSKS  commonly  used.  The  values  given  in  the  tables  are  founded  upon 
the  moments  of  inertia  of  the  various  sections,  deductions  being  made  for  the 
rivet-holes  in  both  flanges.  In  Table  XIV,  taken  by  permission  from  Carnegie's 
Pocket  Companion,  tbe  safe  loads  are  based  upon  a  fiber-stress  for  flange-bend- 
ing of  16  000  lb  per  sq  in,  and  ip  Table  XV,  retained  from  the  former  edition  of 
Kidder's  Pocket-Book,  upon  a  fiber-stress  of  13  000  lb  per  sq  in.  For  other  fiber- 
stresses,  as  14  000  or  15  000  lb  per  sq  in,  the  safe  loads  in  Tables  XIV  or  XV 
may  be  decrnsed  or  increased  by  proportion  as  the  loads  vary  as  the  fiber- 

SlReSSES-t 

*  For  tables  of  riveted  plate  girden,  see  Chapter  XX. 

t  The  editors  decided  to  retain  Table  XV  for  the  safe  uniformly  distributed  loads  for 
riveted  steel-beam  box  girders,  based  upon  a  bending  fiber-stress  of  13  000  lb  per  sq  m. 
To  use  this  table  for  fiber-stresses  of  14  000,  15  000  or  16  000  lb  per  sq  in,  divide  the 
tabular  loads  by  13  and  multiply  the  quotients  by  14, 15  or  16,  respectively,  for  the  safe 
load  at  tlie  required  fiber-stress.  In  regard  to  Table  XV,  Mr.  Kidder  said,  hi  tbe 
preceding  editions  of  this  pocket4}ook,  *^in  order  to  amirfy  compensate  for  the  deteriora- 
tioD  of  the  metai  around  the  rivet-holes  from  punching,  and  also  because  these  girders 
are  more  often  used  to  support  permanent  loads,  such  as  brick  or  stone  walls,  the  maximum 
fiber-stress  [for  riveted  double-beam  girders]  was  limited  to  13  000  lb  per  sq  in,  although 
it  is  but  right  to  stale  that  most  of  the  latest  handbooks  of  the  stcel-manufacturers  give 
taUes  ol  sale  loads  for  such  girders  based  upon  a  fiber-stress  of  1 5  000  lb  per  sq  in. 
The  author  advises  that  for  loads  of  masonry,  which  usually  come  very  clc»e  to  the 
fsfimatfd  loads,  and  which  are  constantly  applied,  the  girders  be  not  loaded  beyond  the 
values  given  in  the  following  tables  (that  is.  biised  upon  13  000  lb  per  sq  in),  while  for 
ordinary  floor-loads,  which  seldom  reach  the  estimated  loads,  an  addition  of  Hth  may  be 
added  to  the  values  given  in  the  tables." 

Girdeis  fabricated  of  single  steel  X  beams  and  plates  riveted  to  the  upper  and  lower 
flaxiges,  as  shown  in  Table  XTV,  are  not  often  used  to  support  masonry  walls,  because  of 
their  relatively  narrow  fluige-width  and  lack  of  lateral  stiflness.  In  case  they  are  used 
to  support  masonry  walb  and  are  not  thorou^ly  braced  laterally,  it  is  recommended  that 
the  safe  loads  be  reduced  as  explained,  from  those  given  m  Table  XIV,  to  agree  with 
a  fiber-stress  of  13  000  or  14  000  lb  per  sq  in,  according  to  the  span,  bracing,  character 
of  loading,  etc.  It  is  recommended,  also,  that  for  girders  fabricated  of  two  steel  I  beams 
and  plates  riveted  to  the  flanges,  as  shown  in  Table  X\\  and  carrying  masonry  walls,  the 
safe  kiads,  given  in  this  table  and  computed  for  a  fiber-stress  of  13  000  lb  per  sq  in,  be  used, 
or.  if  increased,  that  the  fiber-stress  be  taken  not  greater  than  14  000  lb  per  sq  in. 

Recent  handbooks  have  contained  tables  of  safe  uniformly  distributed  loads  for  fabri- 
cated sted  gilders  computed  from  safe  unit  fiber-stresses,  in  pounds  per  square  inch, 
for  flange-boiding  as  foUows.  For  riveted  singu-bram  girders:  Carnegie  Steel 
Company,  1903  Edition,  no  tables;  Carnegie,  191 5  Edition,  16000,  based  upon  the 
sectioD-moduhis  of  the  grosa  area  of  the  cross-section;  Cambria  Steel  Company,  191 3 
Editkra.  no  tables;  (former)  Passaic  Steel  Company,  1903  Edition,  no  tables;  Kidder's 
PoAet'Book,  previous  editk>ns.  no  tables.  For  rtveted  double-beam  ^girders:  Car- 
Digitized  by  VjOOQIC 
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Ezunple  ai.  A  13-in  brick  wall,  15  ft  high,  is  to  be  built  over  an  opening  of 
24  ft.    What  is  the  size  of  the  double-beam  girder  required? 

Solution.  Asstuning  25  ft  as  the  distance,  center  to  center  of  bearings  and  121 
lb  per  cu  ft  ais  the  weight  of  brickwork,  the  weight  of  the  wall  is25Xx5Xx2i» 
45  375  lb,  or  about  22.68  tons.  From  Table  XV,  page  610,  a  girder  composed  of 
two  i2-in  steel  beams,  each  weighing  31.5  lb  per  ft,  and  two  14  by  H-in  flange- 
plates  will  carry  safely,  for  a  span  of  25  ft,  a  uniformly  distributed  load  of  23.23 
tons,  including  its  own  weight.  Deducting  the  latter,  1.42  tons,  given  in  the 
next  column,  the  result  is  21.81  tons  for  the  safe  net  load,  which  is  0.87  ton  less 
than  required.  From  the  following  column  of  the  table  it  is  seen  that  by  in- 
creasing the  thickness  of  the  flange-plates  H«  in  it  is  safe  to  add  1.52  tons  to  the 
allowable  load.  This  will  more  than  make  up  the  difference.  Hence  the  re- 
quired DOUBLE-BEAU  GIRDER  will  be  composed  of  two  12-in  31.5-lb  beams, 
and  two  14  by  Me -in  steel  flange-plates. 

A  SINGLE-BEAM  GIRDER  (according  to  Table  XIV,  page  606),  composed  of 
one  15-in  42-Ib  X  beam  and  two  8  by  H-in  flange-plates  will  carry,  at  x6ooo 
lb  per  sq  ft,  49  000  lb  over  a  span  of  25  ft,  and  as  it  is  lighter,  weighing  but 
69.2  lb  per  ft  to  the  others  113.6  lb,  it  would  be  more  economical.  The 
DOUBLE-BEAM  GIRDER  is,  however,  more  suitable  in  this  particular  case,  as  the 
13-in  wall  should  have  a  wider  bearing  than  8  in,  and,  also,  the  safe  load  should 
be  decreased  from  the  tabular  load  to  correspond  to  a  fiber-stress  of  13  000  or 
14000  lb  per  sq  in  because  of  the  nature  of  the  loading,  the  long  span,  etc., 
or,  what  amounts  to  the  same  thing,  the  strength  cf  the  girder  should  be 
increased  to  correspond  to  the  decreased  fiber-stress.  (See  foot-note,  page  603.) 
A  49  ooo-lb  load  at  16  000  lb  per  sq  in  fiber-stress  corresponds  to  a  49  000  X 
> Ml  -  60  307 -lb  load  at  13  000  fiber-stress,  as  far  as  selecting  a  corresponding 
girder  from  table  is  concerned.  A  single -be  am  girder  (Table  XIV)  com- 
pose<l  of  one  15 -in  6o-lb  I  beam  and  two  9  by  H-in  flange-plates  will  carry 
68  000  lb  and  weighs  only  98.3  lb  per  ft.  Therefore,  as  far  as  strength  is  con- 
cerned, to  suit  the  conditions  of  loading,  this  would  be  the  proper  single-beam 
girder  to  use,  and  it  would  also  be  cheaper  than  the  doitble-beam  girder 
determined  by  Table  XV;  but  the  width  of  bearing  for  the  13-in  wall  is  still 
only  9  in  compared  to  14  in  with  the  double-beam  girder. 

negie,  1903,  15000,  ^Mu-in  rivet-holes  deducted;  Carnegie,  1915,  no  tables;  Cambria, 
IS  000, » M«-in  rivet -holes  deducted;  Passaic,  15  000,  •  ^ia  or  >  5i  g-in  rivet-holes  deducted: 
Kidder,  previous  and  new  editions,  13000,  U1e-in  rivet -holes  deducted.  For  riveted 
siNCLE-WEB,  PLATE-AND-ANOLE  GIRDERS  (sec  Chapter  XX):  Camegie.  1903,  15  000, 
^Mfl-in  rivet -holes  deducted;  Carnegie,  1915. 16  000,  based  upon  section-modulus  of  the 
gross  area  of  cross-section;  Cambita,  15000.  *'^«  or  *M«-in  rivet -holes  deducted; 
Passaic,  15000,  >M«  or  >Mfl-5n  rivet -holes  deducted;  Kidder,  previous  editions,  12000 
and  13  000  for  flanf^es,  Mie  or  iM«-in  rivet -holes  deducted  (aL<M>  contained  the  Passaic 
tables).  For  eh'Eted  multiple- web,  plate- and- angle  girders  (see  Chapter  XX): 
Carnegie,  1903, 15  000,  >  M«-in  rivet-holes  deducted;  Camef^ie.  1915, 16  000,  based  upon 
section-modulus  of  the  gross  area  of  cross-section  (the  elements,  only,  of  these  girders, 
and  not  the  loads,  are  given);  Cambria,  no  tables;  Passaic.  x$  000,  *  M«  or  *^i«-in  rivet- 
boles  deducted;  Kidder,  previous  editions,  same  as  for  single-web  plate-and-angle  girders. 

For  fabricated  steel  girders  the  building  laws  (1913)  of  New  York  City  and  Chicago 
respectively  specify  fiber-stresses  of  14  000  and  15  000  lb  per  sq  in  computed  for  the  net 
flange-sections. 

The  revised  edition  of  Kidder's  Pocket-Book  uses,  by  permission,  the  Caraegie,  1915, 
tables  for  all  but  the  riveted  double-beam  girders,  for  which  the  old  Kidder  tables  are 
retained.  The  limiting  conditions  of  use  are  fully  explained  in  the  text  and  foot-notes. 
Editor-in-chief. 
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Tabia  XIV.*    Safe  Uniform  Loads  in  Unite  of  i  ooo  Pounds  for  RiTOtod 

Steel-Beam  Girders 
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Table  XIV*  (Contmued).    Safe  Unlfonn  Loada  in  Unita  of  x  ooo  Pouada 
for  Riveted  Steel-Beam  Girdera 
Mazimum  bending  stress,  i6aoot  lb  per  sq  in 
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JS 

4.0 

If, 

20 

125 

6.4 

9« 

5.2 

85 

4  3 

61 

3.8 

21 

X19 

6.1 

g 

4.9 

81 

4.0 

59 

36 

7.30 

22 

114 

58 

4.7 

77 

3.9 

56 

35 

8.01 

23 

109 

5.5 

8s 

4-5 

74 

3.7 

53 

3.3 

8.76 

24 

10s 

53 

82 

4.3 

V 

3  5 

SI 

3.3 

953 

25 

100 

5.1 

79 

4.1 

68 

3.4 

49 

3.1 

10.3s 

26 

97 

4.9 

76 

4.0 

65 

3.3 

47 

\% 

XX.  19 

27 

93 

\l 

73 

3.8 

63 

3.1 

46 

12.07 

28 

90 

U 

37 

61 

3.0 

44 

2.7 

12.98 

29 

87 

A  A 

3.6 

59 

2.9 

42 

2.6 

13.92 

30 

84  1        4.2 

65 

3.4 

57 

2.8 

41 

2.5 

14.90 

Area 

3i.s8m« 

27.i8in« 

28.92  in* 

20.48  in> 

J'Cx-yX 

ii5.2   in* 

184.1    in* 

150.5  in» 

1X53   in« 

Wgt 

107. s   lb  per  ft 

93.3  lb  per  ft 

98.3   lb  per  ft 

69.2  lb  per  ft 



Saf 

3  loads  above  the  heavy,  horizontal 

lines  exceed  the  ret 

tistanoeof  thewel 

},and 

girde! 

■s  should  be  provided  with  stifFenen 

5;  for  limiting  con 

ditions,  see  explas 

latory 

notes 

on  page  567.    Sec  Pocket  Companu 
ghu  givea  for  girders  do  not  ixu^u 

an,  iQis  for  9-ft.  «i 
ie  stiffencrs,  rivet 

7%xi 

Wei 

^heads  or  other  d 

letaiU 

*  From  Pocket  Companion.  1913  Edition,  Carnegie  Steel  Company,  Pittsburgh.  Pa. 
t  See  paragraph  on  Riveted  Single-Beam  and  Double-Beam  Girders,  page  603,  and  the 
foot-note  for  same  n^arding  fiber-stresses. 
X  l/c  is  the  sectionnaodulus  or  8cctk»-factor  of  the  cross  oection  with  ceference  to  the 
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TkMe  XV. 


Safe  Unifonn  Loftds  in  Tons  of  a  ooo  Ponads  for  Riveted 
Steel-Beun  Box  Oicdara 


Two  ao-in  steel  Z  beams  and  two  x6  by  ^4- 

in  steel  plates 

Two  steel 

plates. 

i6byH 

in 

.SJ^^A.^     «, 

• 

Two  steel' 

plates, 

i6byH 

in 

hH. 

Increase 
in  weight 
of  girder 
for  Hfl-in 
increase 
in  thick- 

ncss  of 

1 

1 

Dis- 
tance, 
center  to 

^ 
^ 

ao-in 
beams. 
80.0  lb 

beams, 

65.01b 

^^L^      perft 

T 

^ 

Safe 

Safe 

center 
ofbcar- 

loads, 
uniformly 

Weight  of 

girder 
(includ- 
ing rivet- 
heads),  in 
tons  of 
2  000  lb 

Increase 
in  safe 

loads. 

uniformly 

Weight  of 
girder 
Onclud- 
ing  rivet- 
heads),  in 
tons  of 
2  000  lb 

Increase 
in  safe 

>  ings.  ft 

1 

distrib- 
uted (in- 

weightof 

loads  for 
H«-in  in- 
crease in 
thickness 

distrib- 
uted (in- 
cluding 
weight  of 

loads  for 
Ma-in  in- 
crease in 
thickness 

flange- 
plates 

! 

girder). 

of  flange- 

girder). 

of  flange- 

in  tons  of 

plates 

in  tons  of 

plates 

1 

2  ooo  lb 

2  000  lb 

lO 

199.67 

1.22 

7.22 

176.72 

1.06 

7.34 

0.03 

II 

181  51 

1  34 

6.56 

x6o66 

1.16 

6.68 

0.04 

12 

16639 

1.46 

6.02 

147  26 

1.27 

6.12 

0.04 

13 

1S360 

158 

5.56 

135  95 

1.37  • 

5.65 

0.04 

14 

142.64 

1.70 

5- 16 

126.24 

1.48 

5.2s      1 

0.05 

IS 

133.12 

1.83 

4.81 

117.82 

1.58 

4.90 

0.05 

I6 

124.80 

1.9s 

4  51 

110.45 

1.69 

4. 59 

0.05 

17 

117.47 

2.07 

4  25 

10396 

1.79 

4.32 

0.06 

1         l8 

110.94 

2.19 

4  01 

98.18 

1.90 

4.08 

0.06 

'         19 

105.10 

2.31 

3.80 

93  01 

2.01 

3.86 

0.06 

ao 

99  83 

3.43 

3.61 

88.36 

2.11 

3.67 

0.07 

31 

9S.08 

2.56 

344 

84.15 

2.22 

3.  SO 

0.07 

1           ^ 

90.77 

268 

328 

8033 

2.32 

3  34 

0.07 

1       aj 

8682 

2.80 

3  14 

76.84 

2.43 

3  19 

o.oS 

1       ^ 

83. 20 

2.92 

3  01 

7364 

2.53 

3.06 

0.08 

1       as 

79. «7 

3.04 

2.89 

70.69 

2.64 

2.94 

0.08 

26 

76.80 

3.16 

2.78 

67.97 

2.75 

2.82 

0.09 

TJ 

73.96 

3  29 

2.68 

65.46 

2.85 

2.72 

0.09 

1         38 

71.33 

3  41 

a.58 

63.12 

2.96 

2.62 

0.09 

39 

66.86 

353 

2.49 

60.94 

3.06 

2.53 

0.10 

,         30 

66.56 

3.65 

2.41 

58.91 

3.17 

2.45 

O.IO 

1         31 

64.41 

3.77 

2.33 

57.01 

3.27 

2.37 

O.IO 

33 

62.41 

3.89 

2.26 

55.22 

3.38 

2.29 

O.II 

33 

60.51 

4.02 

2.19 

53.56 

3.48 

2.22 

O.II 

34 

58.73 

4.14 

2.12 

SI.98 

3.59 

2.16 

0.11 

35 

57.05 

4.26 

2.06 

50.50 

3.70 

2.10 

0.12 

36 

5546 

4.38 

2.01 

49.09 

3.80 

2.04 

0.12 

1        37 

5396 

4.50 

1.9s 

47.77 

3.91 

1.98 

0.12 

38 

52  54 

4.62 

1.90 

46.51 

4.01 

1.93 

0.13 

39 

51.20 

4.75 

1.85 

45.32 

4.12 

1.88 

0.13 

The  above  values  an  based  cm  a  nuudmum  fiber-stress  of  13  000  lb  per  sq  in,  rivet-holes 
in  both  flaofles  deducted.  See  paragraph  on  Riveted  Single-Beam  and  Double-Beam 
Ginkn.  page  603.  and  the  foot-note  for  same  regarding  fibcr-ttieises.  Weights  of  girden 
correspond  to  lengths,  center  to  center  of  bearings. 
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Tsble  ZV  (Coatiittted).    Safe  Uniform  Loads  in  Tons  of  a  ooo  Pounds 
for  Riveted  Steel-Beun  Box  Girders 

Two  i8-in  steel  Z  beams  and  two  x6  by  ^4-in  steel  plates 


«f 

!•■»«•'. 

1 

Two 
i8-in 
beami 

—ji 

Two 

Sby^an 

steel 

plates 

5*    Two 

^f-^»»r^ 

1^ 

i8-in 

beams. 

s. 

pT^ 

X 

Dis- 
tance. 

^ 

^*^^ 

5 

70  lb 
^    per  ft 

55  lb 

per  ft 

^ 

^^ 

3», 

Add  to 
weight 
of  gird- 

center 

Two  16  by  H-ia  steel  platfes 

er  for 

to 

-  - 

Hs4n 

center 

1 

increase 

of  bear- 
ings. 

ft 

Safe 
loads  in 

tons, 
includ- 

Weight 
of 

Add  to 
safe  loads 
for  H«-in 

Safe 

loads  in 
tons, 
includ- 

Weight 
of 

Add  to 

safe 
loads  for 

Add  to 
safe  loads 
for  Hs-ia 

in 
thick- 
ness of 
pUtes 

ing 

weight 

of 

girder, 
lb 

increase 
in  thick- 
ness of 

ing 

weight 

of 

girder, 
lb 

5  pounds 
increase 
in  weight 

increase 
in  thick- 
ness of 

girder 

plates 

girder 

of  beam 

plates 

13 

132.2 

3713 

5  43 

133.0 

2  352 

3.81 

5.43 

83 

13 

133. 0 

2933 

SOI 

113.5 

2548 

3.61 

SOI 

88 

14 

1133  ^     3164 

4.66 

105.3 

2744 

3.43 

4.66 

95 

IS 

105  7        3390 

4. 35 

98.3 

2940 

3.37 

4  35 

I03 

i6 

99.1        3616 

4.07 

93.3 

3136 

3.13 

4.07 

109 

17 

93  3  !     3843          383 

86.8 

3332 

3.00 

3.83 

116 

I8 

88.1 

4068 

3.63 

83.0 

3528 

I-90 

3.63 

133 

19 

83.S 

4294 

3.43 

77.6 

3724 

1.80 

3  43 

129 

30 

79.3  1     4  S20 

3.36 

73.8 

3920 

1.70 

3.36 

136 

31 

7S.S  '     4746 

3.10 

70.3 

4  116 

1.63 

3.10 

143 

33 

72.1  1     4972   ,       2.96 

67.0 

4312 

1.54 

2.96 

ISO 

33 

69.0       5  198 

3.83 

64.1 

4508 

1.47 

2.83 

1S6 

24 

66.1  1     5434 

a. 72 

615 

4704 

1.41 

3.73 

163 

25 

63.  s     5650 

1 

3. 61 

59-0 

4900 

1.36 

3.61 

170 

36 

61.0  '     5876 

3.51 

S6.7 

S096 

1.30 

3. SI 

177 

37 

58.8 

6  103 

2.41 

54.6 

5292 

1.36 

2.41 

184 

38 

S6.6 

6338 

a. 33 

52.7 

5488 

1. 31 

2.33 

190 

29 

54.7 

6554 

3.35 

SO.  9 

5684 

1. 17 

2. 35 

197 

JO 

52.9 

6780 

3.17 

49-2 

S880 

1. 13 

3.17 

ao4 

31 

SI.8 

7006 

3.10 

47.6 

6076 

1. 10 

3.10 

an 

32 

49.6 

7232 

3.04 

46.1 

6373 

1.06 

3.04 

3X8 

33 

48.1 

7  458 

1.98 

44.7 

6468 

,1.03 

1.98 

M4 

34 

46.7 

7684 

1.93 

43.4 

6664 

1. 00 

1.93 

231 

35 

453 

7910 

1.86 

42.1 

6860 

0.97 

1.86 

238 

36 

44.1 

8136 

1.81 

41.0 

7056 

0.94 

i.8i 

345 

37 

43.9 

8363 

1.76 

39.9 

735a 

0.93 

1.76 

253 

38 

*'■' 

8588 

1.73 

38.8 

7448 

0.90 

1.72 

258 

The  above  values  are  based  on  a  maximum  fiber-stress  of  13  000  lb  per  sq  in,  rivet-holes 
in  both  flanges  deducted.  See  paragraph  on  Riveted  Single-Beam  and  Double-Beam 
Girders,  page  603,  and  the  foot-note  for  same  regarding  fiber-stresses.  Weights  of  gndera 
correspond  to  lengths,  center  to  center  of  bearings. 
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Table  XV  (Cootiaiied).    Safe  Uniform  Loads  in  Toni  of  a  ooo  Pound* 
for  Riveted  Steel-Beam  Box  Girders 

Two  is-in  steel  Z  beams  and  two  14  by  H-in  steel  plates 


Two  15-in  beams. 

Two  15-in  beams, 

, 

75^  lb  per  ft 

60.0  lb  per  ft 

.H*^ 

:^i^ 

,nr*^feA-. 

V-^ 

4a 

•^ 

r^ 

p- 

•^ 

(^ 

ir 

-s 

Dis- 
tance. 

^ 

^^ 

k. 

^ 

^ 

-^^ 

,£-^^ 

kr 

Increase 

Increase 
in  weight 
of  gird- 

Steel Plates. 

14  by  H  in      \ 

St^l  PUt^. 

§tecl  Plates. 

in  safe 
load  for 
Me-in 
increase 
in  thick- 
ness of 
flange- 
plates 

center 
to 

14  by  H  in 

14  by  H  in 

er  for 
H«-in 

Safe 

Safe 

Safe 

center 
of  bear- 

loads, 
uni- 

Weight 

loads, 
uni- 

Weight 

loads. 

Weight 

increase 
in  thick- 

ings. 

formly 

of  gird- 

formly 

of  gird- 
er (in- 
cluding 

formly 

of  gird- 

ness  of 

ft 

distrib. 
uted  (in- 

er (in- 
cluding 

distrib- 
uted (in- 

distrib- 
uted (in- 

er (in- 
cluding 

flange- 

cluding 
weight  of 

rivet- 
heads), 

cluding 
weight  of 

rivet- 
heads), 

cluding 
weight  of 

rivet- 
heads). 

girder), 
in  tons 

in  tons 

of  2  000 

lb 

girder) , 
in  tons 

in  tons 

qf2000 

lb 

girder), 
in  tons 

in  tons 

of  2  000 

lb 

of  2000 

of  2000 

of  2000 

lb 

lb 

lb 

10 

122.33 

1.06 

III. 01 

0.91 

90.29 

0.72 

463 

0.03 

II 

III. 21 

1.17 

100.92 

1. 00 

82. oS 

0.79 

4  21 

0.03 

12 

XOI.9S 

1.27 

92  SI 

1.09 

75  24 

086 

3.86 

0.03 

U 

94  10 

138 

85.40 

1. 18 

6945 

0.93 

3  57 

0.04 

14 

87.38 

1.48 

79.30 

I  27 

64.50 

1.00 

3  31 

0  04 

15 

81. s6 

1. 59 

74.01 

1.36 

60.19 

1.08 

3  09 

0.04 

16 

7646 

1.70 

69.38 

I  45 

56  43 

I. IS 

2.90 

0.0s 

17 

71.96 

X.80 

65.30 

I  54 

53  II 

X.22 

2.72 

0.05 

18 

6796 

1.91 

61.67 

1.63 

50.16 

1.29 

2.57 

0.0s 

19 

64.39 

2.01 

58.43 

1.72 

47  52 

I  36 

2.43 

0.0s 

20 

61.17 

a. 12 

55. 50 

1. 81 

45.14 

I  44 

2.32 

0.06 

JX 

58  2S 

2.22 

52.86 

1.90 

42.99 

1. 51 

2.21 

0.06 

22 

S5  60 

2.33 

SO.  46 

2.00 

41.04 

1.58 

2. II 

0.06 

23 

53  19 

2.43 

48.27 

2.09 

39^5 

l.6s 

2.02 

0.07 

24 

50  97 

2.54 

46.2s 

2.18 

3762 

1.72 

1.93 

0.07 

2S 

48.93 

2.6s 

44-40 

2.27 

36.12 

I  79 

1. 85 

0.07 

26 

47.0s 

2.76 

42.70 

2.36 

34.72 

1.87 

1.78 

0.08 

27 

45  31 

2.86 

41.12 

2.45 

33.44 

1.94 

1. 71 

0.08 

28 

43.69 

2.96 

39.6s 

2.54 

32.25 

2.01 

1.66 

0.08 

29 

42.18 

3.07 

38.28 

2.63 

31.13 

2.08 

1.60 

0.06 

30 

40.78 

3  17 

37.00 

2.72 

30.09 

2.15 

I  54 

0.09 

31 

39.46 

3.28 

3581 

2.81 

29.12 

2.23 

1.49 

0.09 

32 

38.23 

3.38 

34.69 

2.80 

28.21 

2.30 

1.45 

0.09 

33 

37.07 

3.46 

33.64 

2.99 

27.36 

2.37 

I  41 

O.IO 

1       34 

3598 

3.60 

32.6s 

3.08 

26.55 

2.44 

1.37 

O.IO 

3S 

34. 95 

3.70 

31.72 

3.17 

25.80 

2.51 

1.33 

O.IO 

36 

3598 

3.81 

30.84 

3.27 

25.08 

2.58 

1.29 

O.IO 

37 

33.06 

3.91 

30.00 

3.36 

24.40 

2.66 

1.25 

O.II 

J8 

32.20 

4.02 

29.21 

3.45 

23.76 

2.73 

1.22 

O.II 

39 

31.37 

4.13 

28.47 

3. 54 

23.15 

2.80 

1. 19 

O.II 

The  above  values  are  baaed  on  a  maximum  fiber-stress  of  13  000  lb  per  sq  in,  rivet-holes 
ia  both  flanges  deducted.  See  paragraph  on  Riveted  Single-Beam  and  Double-Beam 
Girders,  page  603.  and  the  foot-note  for  same  regarding  fiber-stresses.  Weights  of  girders 
oorrespood  to  lengths,  center  to  center  of  bearings. 
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Tabto  XV  (Coatiaued).    S«f«  Uniform  Loads  in  Tons  of  a  ooo  Pounds 

for  Rivetad  Steol-Bosm  Box  Oirden 

Tvo  12-ia  8t«el  X  beams  and  two  14  by  H-in  sted  plates 


t^ 

Two  i2-in 

•"■ 

Two  i2-in 

"5 

TT 

p* 

beams. 

beams. 

40.0  lb 

31.5  lb 

Dis. 

^ 

L.^ 

k 

per  ft 

£ 

'^'^ 

k. 

per  ft 

Increase 

^ 

in  weight 

tance, 

Two  steel  plates. 

Two  steel  plates. 

of  girder 

center  to 

14  by  5-^  in     . 

14  by  H  in 

for  Me-ir 

center 

increase 

of  bear- 
ings, 

Sale  loads, 
uniformly 

Weight 

Increase 
in  safe 

Safe  loads, 
uniformly 

Weight 

Increase 

in  safe 

londi  for 

in  thick' 
nessof 

ft  . 

distrib- 

of girder 

distrib- 

of girder 

flange- 

uted  (in- 
cluding 
weight  of 

(includ- 
ing rivet- 
heads),  in 

M«-in  in- 
crease in 
thickness 

uted  (in- 
cluding 
weight  of 

(includ- 
ing rivet- 
heads),  in 

M«-in  in- 
crease in 
thickness 

plates 

girder), 
in  tons  of 
2  000  lb 

tons  of 
2  000  lb 

of  flange- 
plates 

girder), 
in  tons  of 
2  000  lb 

tons  of 
2  000  lb 

of  flange- 
plates 

10 

64.94 

0.6s 

3. 75 

58.08 

0.57 

3.81 

0.03 

II 

59  02 

0.71 

3  40 

52.80 

o.6j 

3  45 

0.03 

13 

54. 12 

0.78 

3  12 

48.40 

0.68 

3  17 

0.03 

13 

49  95 

084 

2,88 

4468 

0.74 

2.93 

0.04 

14 

46.39 

0.91 

2.68 

41.48 

0.80 

2.72 

0.04 

IS 

4329 

0.97 

2.50 

38.72 

0.8s 

2.53 

0.04 

16 

40.59 

1.04 

2  34 

3630 

0.91 

238 

0.05 

17 

38.20 

1. 10 

2.21 

34  16 

0.97 

2  24 

00^ 

18 

36.08 

I.I7 

2.08 

32.27 

1.03 

211 

0  05 

19 

34.18 

1.23 

1.97 

30.57 

1.08 

2.00 

o.os 

20 

32.47 

1.30 

1.87 

29.04 

1.14 

I   90 

0.06 

21 

30.93 

1.36 

1.78 

27.66 

1.20 

1. 81 

0.06 

22 

2952 

143 

1.70 

26.40 

I. as 

I  73 

0  06 

1           ^^ 

28.23 

1.49 

1.63 

25  25 

1. 31 

1.6s 

0  07 

1         24 

27.06 

i.S6 

1.56 

24.20 

1.37 

I  58 

0.07 

25 

25.98 

I  62 

1.50 

23.23 

1.42 

I  52 

0.07 

26 

24.98 

1.69 

1.44 

22.34 

1.48 

1.46 

0  oS 

27 

24.05 

1.75 

1.38 

21.51 

1. 54 

1.41 

o.oS 

2S 

23.19 

1.82 

1.34 

20.74 

1.60 

1.36 

0.08 

29 

22.39 

1.88 

1.29 

20.03 

1.6s 

1. 31 

o.oS 

30 

ax.  65 

1.9s 

1.25 

19.36 

1. 71 

1.27 

0.09 

31 

ao.95 

2.01 

1. 21 

18.73 

1.77 

I  23 

0.09 

32 

20.29 

2.08 

1. 17 

18.  IS 

1.82 

1. 19 

0.09 

33 

19.68 

2.14 

1. 14 

17.60 

1.88 

1.15 

O.IO 

34 

19.10 

2.21 

1. 10 

17.08 

1.94 

1. 12 

O.IO 

35 

18.55 

2.27 

1.07 

16. 59 

1.99 

1  09 

O.IO 

36 

18.04 

2.34 

1.04 

16.13 

2.0s 

1.06 

0.10 

37 

17.55 

2.40 

1. 01 

15.70 

2. II 

1.03 

0.11 

38 

17.09 

2.47 

0.99 

15.28 

2.17 

1. 00 

oil 

39 

16.6s 

2.53 

0.96 

14.89 

2.22 

0.98 

0.  II 

The  above  values  are  based  on  a  maximum  fiber-stress  of  13  000  lb  per  sq  in,  rivet-hoi^ 
in  both  flanges  deducted.  See  paragraph  on  Riveted  Single-Beam  and  Double-Beai 
Girders,  page  603,  and  the  foot-note  for  same  regarding  fiber-stresses.  WcighU  of  girdel 
correspond  to  lengths,  center  to  center  of  bearings. 
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Tkbte  XV  (Conrinnod).    Safe  Uniform  Loads  in  Tons  of  a  ooo  Pounds 
for  RtveCed  Stoel-Bosm  Bos  Girders 

Two  lo-in  steel  I  Beams  and  two  tahf  H-in  steel  plates 


< 

,  Two  lo-in 
beams. 

tt 

Two  lo-in 
beams, 

35.0  lb 

N 

25.0  lb 

^ 

*^^ 

2i. 

pern 

I 

^UJ 

5t. 

per  ft 

tea. 

Increase 
in  weight 
of  girder 
for  H»-in 
increase 
in  thick- 
ness of 
flange- 
plates 

Di*. 

taace, 

!  cc^erto 

Tw 

0  Steel  plat 
12  by  ^4  ii 

Two  steel  pla 
13  by  H  in 

1  oeater 

ofbear- 
in«i.  ft 

Safe  loads, 
ttniformly 

Weight 

Increase 

Safe  loads, 
uniformly 

Weight 

Increase 

distrib- 
uted (in- 
cluding 
weight  of 

of  girder 
(includ- 
ing rivet- 
heads),  in 

loads  for 
H»-in  in- 
crease in 
thickness 

distrib- 
uted (in- 
cluding 
weight  of 

of  girder 
(includ- 
ing rivet- 
heads),  in 

loads  for 
Hi-in  in- 
crease in 
thickness 

girder), 
in  tons  of 
2  ooo  lb 

tons  of 
a  000  lb 

of  flange- 
plates 

girder), 
in  tons  of 
2  000  lb 

tons  of 
2  000  lb 

of  flange- 
plates 

lo 

44  35 

0.55 

2.59 

39  23 

0.47 

2.64 

0.02 

It 

40.32 

0.60 

2.36 

35.66 

0.52 

2.40 

0.03 

13 

3696 

0.65 

2.16 

32.69 

0.56 

2.20 

0.03 

13 

34.12 

0.71 

I  99 

30.18 

0.61 

2.03 

0.03 

14 

31.68 

0.76 

1.8s 

28.0a 

0.66 

189 

0.03 

;i 

29  57 

0.82 

1.73 

26.1s 

0.71 

1.76 

0.04 

27.72 

0.87 

1.62 

24.52 

0.75 

1.6s 

0.04 

17 

26.09 

0.93 

1.52 

23.08 

0.80 

I  55 

0.04 

i8 

24  64 

0.98 

1  44 

21.79 

0.85 

I  47 

0.04 

19 

23-34 

1.04 

1.36 

ao.6s 

0.89 

1.39 

0.05 

ao 

22.18 

1.09 

1.30 

19.62 

0.94 

1  32 

0.05 

71 

21.12 

1.15 

1.23 

18.68 

0.99 

1.26 

0.05 

22 

ao.i6 

1.20 

1. 18 

17.83 

1  04 

1.20 

0.05 

«3 

19.28 

1.26 

1.13 

17  06 

1.08 

1  15 

0.06 

M 

18.48 

1.31 

x.oB 

16.3s 

1. 13 

1. 10 

0.06 

^ 

17.74 

1.36 

1.04 

15.69 

1. 18 

X.06 

0.06 

26 

17.06 

1.42 

x.co 

IS. 09 

1.22 

1. 03 

0.06 

27 

16.43 

1.47 

0.96 

14.53 

1-27 

0.98 

0.07     ] 

M 

15.84 

I. S3 

0.93 

14  01 

1.32 

0.94 

0.07 

29 

15.29 

1.58 

0.89 

1353 

1.37 

0.91 

0.07 

i      ^ 

14.78 

1.64 

0.86 

13.08 

I.4I 

0.88 

0.07 

31 

14  31 

1.69 

0.84 

12.65 

1.46 

0.85 

0.08 

1         32 

13.86 

1.75 

o.8z 

12.26 

LSI 

0.82 

0.08 

1        33 

13  44 

1.80 

0.78 

11.89 

155 

0.80 

0.08 

34 

13.04 

X.86 

0.76 

11.54 

1.60 

0.78 

0.08 

35 

12.67 

1.91 

0.74 

II. 21 

1.65 

0.75 

0.09 

3fi 

12.32 

1.96 

0.72 

10.90 

X.70 

0.73 

0.09 

37 

11.99 

3.02 

0.70 

10.60 

1.74 

0.71 

0.09 

# 

11.67 

2.07 

0.68 

10.32 

1.79 

0.69 

0.09 

-» 

11.37 

2.13 

0.66 

10.06 

1.84 

0,67 

0.10 

Tbe  above  values  based  on  a  maximum  fiber-stress  of  13  000  lb  per  sq  in.  rivet-boles 
m  both  fiances  deducted.  See  paragraph  on  Riveted  Single-Beam  and  Double-Beam 
Girdrrs,  page  603,  and  the  foot-note  for  same  regarding  fiber-stresses.  Weights  of  girders 
correapood  to  lengths,  center  to  center  of  bearings.  ^  j 
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Beams  Supporting  Brick  Walls.  In  calculating  the  sixe  of  a  girder  to  sup- 
port a  brick  wall,  the  structuie  of  the  wail  should  be  carefully  considered.  If 
the  wall  is  without  openings  and  does  not  support  floor-beams,  only  that  part 
of  the  wall  included  within  the  dotted  lines.  Fig.  10,  need  be  considered  as  bcins 
supported  by  the  girder.  The  beams  in  that 
case,  however,  should  be  made  very  stiff,  so 
as  to  have  little  DErLEcriON.  If  there  are 
several  openings  above  the  girder,  and  especi- 
ally if  there  is  a  pier  over  the  middle  part  of 
it,  as  shown  in  Fig.  11,  then  the  manner  in 
which  the  loading  is  distributed  should  be 
carefully  considered.  In  a  case  of  this  kind, 
only  the  dead  weight  included  between  the 
dotted  lines  A  A  and  BB  should  be  considered 


^ 


I 
I 

I 
I 
I 
I 
I 


ft±i 


Fig.  10. 


TiianguUtr  Loading  of  Beams 
under  Brick  WaUs 


Fig,  1 


"Q 


i.     Loading  of  Beams  under 
Walls  with  Openings 


as  coming  upon  the  girder,  and  proper  allowance  made  for  the  concentratiov 
of  the  greater  part  of  the  load  at  or  near  the  middle.  If,  however,  the  lower 
windows  are  two-thirds  their  total  width,  or  more,  above  the  girder,  then  it 
is  more  reasonable  to  suppose  that  the  wall  included  between  the  lines  CC 
rests  upon  the  girder,  and  also  to  consider  that  this  load  is  i;niformly  dis> 
TRIBUTED  over  it.  When  beams  extend  under  the  entire  length  of  a  wall 
which  is  more  than  x6  or  x8  ft  long,  the  weight  of  the  entire  wall  rather  than 
the  weight  of  a  triangular  part  of  it  should  be  taken  as  coming  upon  the 
beams;  for,  if  they  should  bend,  the  wall  would  settle,  and  might  push  out 
the  supports  and  cause  the  whole  structure  to  fall.     (See,  also,  page  318.) 


ft.  Framing  and  Connecting  Steel  Beams  and  Girders 

Standard  Separators.  When  beams  are  used  to  support  walls,  or  as  girders 
to  carry  floor-beams,  they  are  often  placed  side  by  side;  and  should  in  such 
cases  be  connected  by  means  of  bolts  and  cast-iron  separators  fitting 
closely  between  the  flanges  of  the  beams.  The  office  of  these  separators  is,  in  a 
measure,  to  hold  in  position  the  compression-flanges  of  the  beams  by  preventing 
SIDE  DEFLECTION  or  BUCKLING,  and  also  to  unite  the  beams  so  as  to  cause 
them  to  act  in  unison  as  regards  vertic.\l  deflection.  Separators  should 
be  provided  at  the  supports,  at  points  where  heavy  concentrated  loads  are 
Imposed,  and  at  regular  intervals  of  from  $  to  6  ft  between.  The  illustra- 
tions,  dimensions,  etc.,  given  in  Table  XVI,  are  for  the  standard  separators 
iix  common  use. 
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AlCEUCAN   B&IDGE   COMPANY  STANDAID 


613 


Beams 


Weight 

TtriocA, 

lb 


I  ill 
-5-1  ° 


ti3-iio-i05 

too        I 
■JS  ind  90 

So 

laosDdgtS 

90 

75 

70 

65 

90 
Ssandto 

75 
70aod6s 
^         60 

55 

75 

60 
55 

,   5saad4S 

A3 

55 

50 

45 
.-   sDand35 

31.5 


iS 
30 

35 

71 

«  5 
J3 

XkSaxKliS 

z> 
17  5 

IS 

17.75 
'       U.75 

U.2S 


Dinu 


in  i  in 


8? 
8 

S 
8 
8 
8        .      , 


16^4  8    bo 
15!^,7H  ao 

15V4  7V4  » 

,15      7^^  » 


I5V4  7      16 

7H  MH!6^4  16 
7H  14  63ii6 
l3M6Vii6 
13H6W16 
15M7  U 
I5H'7M  M 
15  l7H,U 
I3U6U  14 

13     I6H  U 
I3M!6 
13^4  i6W 

12H  6 
13      6 

iiJ4 
11  Vi 


7 
7 
8 
8 
8 
7 
7 
7 
7 
7 
6H 

6H 

6H 

6 

6 

6 

6 

6 


5^^ 
5^i 
5W 
5.^4 

5 
5 
5 

5 

4H 

4H 

4^ 

4?^ 

4W 

4 

4 

4 


5W 
SM 

II      SW 


10WI5 


10 
10 

in 

8H 
85^ 
8H 
8H 
7f4 
7H 
7H 


4«    7f 

4*4    7^ 


Diagrams 


— I-t 


Scored  holes 


'^•-W--*i, 


%''cored'  hole 


foe  5-in«  4-UI and  j-in  beams.'uae  x-in  gas-pipes.  3H.  3 and  2^44n  long,  respectively 


*  fnm  PocMt  Coinpaiiion>  1915  £4itioo>  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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Gas-Pipe  Separators.  Separators  formed  of  pieces  of  qas-pipe,  cut  to  th 
desired  lengths  and  slipped  over  the  bolts  are  often  used  by  contractors.  (Se 
bottom  of  Table  XVI.)  Such  separators  permit  the  beams  to  act  independently 
of  each  other,  and  should  not  be  used  in  any  place  where  one  beam  b  liable  t< 
receive  a  greater  load  than  the  other;  and  as  this  condition  exists  in  almos 
every  case  where  two  or  more  beams  are  used  together,  it  follows  that  '*  cast 
iron  separators,  made  to  fit  the  space  between  the  beams,"  should  be  specifiec 
in  almost  every  instance.  As  noted  in  Table  XVI,  gas-pipe  may  sometimes  Im 
used  for  5,  4  and  3-in  beams.  Separators  with  two  bolts  should  be  used  foi 
beams  i  a  in  or  more  in  depth.  For  i  a-in  beams  one  bolt  is  sometimes  used  wher 
the  load  is  light;  for  beams  under  1 2  in  in  depth  one  bolt  is  sufficient. 


(1 


FRAMING 

DETAILS  OF  FRAMING  BETWEEN  COLUMNS 


tffi 


Hi 


Mr 


Colamn  Bi  A — 


mi        a'ix^ 


— B 


CalnmiBi 


1^10-7- 


yJ 


--"jiK 


-HH- 


=* 


0HOf-DRAWINO  OF  OIRPER     (STANDARD  CONNCCTIOHS  FOA  •'•CAMSy' 


T 


•  dlb  • 


PLAN  OF  ABOVE  WITH  UPPER  FLANOES  REfMOVCP  ELEVATION  8HOWINO  THE  COPtNa  OF  BEAMS 

CONNECTIONS  FOR  BEAMS  AND   GIRDERS 

"  Connection-angles  shall  in  no  case  be  less  in  thickness  than  the  web  of  the  beami 
or  girder  to  which  they  are  (astened.  nor  shall  the  width  be  leas  than  H  the  depth  of 
the  beam,  except  that  no  aagle-knee  shall  be  less  than  2H"  wide  nor  requirecl  to  be 
more  than  V  wide.  Web-angles,  the  full  depth  of  the  web,  must  be  used  for  all  girder- 
connections.  " 

Fig.  13.    Framing  of  Steel  I  Beams  and  Gixdtn 

Beam-Connecttons.  Steel  beams  and  channels  are  fvahed  together  by 
means  of  short  pieces  of  angles,  which  are  usually  riveted  to  the  floor-beam  or 
tail-beam  and  bolted  to  the  girder.  The  angles  are  always  used  in  pairs,  one  on 
each  side  of  the  beam.  If  the  floor-beam  is  framed  flush,  either  with  the  top  or| 
bottom  of  the  girder,  or  if  two  beams  of  the  same  height  are  framed  together,  thej 
end  of  the  beam  supported  should  be  coped,  or  cut  to  fit  the  shape  of  the  girder 
or  supporting  beam.    The  maximum  dearance-tpoce  allowed  between  the  end 


yGoogk 


Framing  and  Connecting  Steel  Beams  and  .Girders 


615. 


Fig.  13.     Framing  to  Riveted  Plate  Girder 


of  the  beam  and  the  web  varies  from  He  in  in  the  smaller  beams  to  H  in  in  the 
larger  ones.  Figs.  12  and  13  show  various  details  of  beams  framed  together 
and  also  to  girders.  When  a  floor-beam  rests  on  top  of  another  beam  or  girder, 
as  in  Fig.  15,  the  beam  should  be  secured  by  means  of  a  pair  of  wrought-iron 
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CLIPS,  shown  in  Fig.  14,  shaped  so  as  to  fit  closely  the  top  flange  of  the  girder] 
and  either  bolted  or  riveted  to  the  opposite  sides  of  the  lower  flange  of  the  floors 
beam. 

Fig.  16  shows  one  method  of  framing  the  ends  of  wooden  floor-joists  to  steel 
beams,  a  4  by  3  by  H-in  angle  being  riveted  the  whole  length  of  the  steel  beam^ 
by  H-in  rivets,  about  6  in  apart.    The  joists  are  usually  secured  by  iron  oc 


Fig.  14.  Clip  Cor  Fas- 
tening Sted  Beam  on 
Top  of  Another 


Fig.  15.  Steel  Beams 
Fastened  One  on  the 
Other  by  Oips 


Fig.  1 6.    Framing  of  Wooden 
Joists  to  Sted  I  Beam 


ciAi£PS  or  AMCHOKS,  and  framed  about  i  in  above  the  upper  flange  of  the  beam 
to  allow  for  settlement.  If  these  joists  are  over  3  ft  apart,  short  lengths  of  angles 
may  be  placed  under  each  one.* 

Standard  Connection-Angles  for  I  Beams  and  Channels.  The  size  of 
the  angles  and  the  number  of  rivets  used  for  connecting  steel  beams,  vary 
somewhat  with  different  shops  and  vrith  different  structural  engineers,  so  that 
there  cannot  be  said  to  be  a  universal  standard.  The  variations  in  the  differ- 
ent STANDARDS,  however,  are  not  very  great,  and  as  the  connections  adopted 
by  the  Carnegie  Steel  Comftany  are  perhaps  the  most  used,  the  author  has  se- 
lected them  for  illustration  in  Table  XVII.  The  connections  have  been  pro- 
portioned with  a  view  to  covering  most  cases  occurring  in  ordinary  practice, 
with  the  usual  relations  of  depth  of  beam  to  length  of  span.  In  extreme  in- 
stances, however,  where  beams  of  short  relative  span-lengths  are  loaded  to  their 
full  capacity,  or  when  beams  frame  opposite  each  other  into  another  beam  with 
web-thickness  less  than  91e  in,  it  may  be  found  necessary  to  make  provision  for 
additional  strength  in  the  connections.  The  LncnrtNG  span-lengths,  also, 
at  and  above  which  the  standard  connection-angles  may  be  used  with  perfect 
safety,  are  also  given  in  Table  XVTII. 

*  For  details  of  the  framing  of  floor-beams  and  girders,  see  Chapters  XXI  and  XXII 
and  also  Professor  Nolan's  revised  Chapters  11  and  VII  of  Kidder's  Building-Construction 
and  Superintendence,  Part  II,  Carpenters'  Woik. 
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Table  XVIL*    Connectioiis  for  Steel  Beams 

AMKUCAN   BRIDGS   COMPANY  STANDAKO 


27" 

J^             1 

**l«x' 

'j 

V 

*« 

•I 

•l 

'i  1 

^^ 

Weight  46  lb 


2Lb4-x4'xHx1'2«' 
Weight  33  lb 


Weight  17  lb 


776;' 6" 


34" 


«LBi'x4'xJixl'5H' 
Weight  38  lb 

2071871^ 


2Ls4'x4'xV«'xO'llJ4' 
Weight  28  lb 


xo^ors" 


h*>rt 


s)< 


2X' 


2IiB6'x4"x^x0'5^' 
Weight  13  lb 


<  3" 


K)f 


^ 


««rM*^' 


2  Lb  (Tx  4'x  96'x  0'8'  2  La  6'x  4"x  %'x  0'2- 

Weight  7  lb  Weight  5  lb 

Rivets  andl)olt8  ^diameter 

Weigtits  given  are  for  ^shop  rivets  and  angle-oonnectionl;  about 

20  per  cent  should  be  added  for  fleld-rivets  or  bolts 

'  From  Pocket  Companion,  1915  Edition,  Carnegie  Steel  Company,  Pittsburgh,  Pa. 
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Table  XVIIL*     Ltmhiiis  V«lnea  ol  CodaectioM  for  Stael  Beams 


I  beams 


Value  of 
welxon- 
nection 


Values  of  outstanding  legs  of  connection-angles 


Field-rivets 


Pidd4)olU 


Depth. 


27 
24 


18 
15 


Weight, 
lb  per 

ft 


Shop^ 

rivets  in 

enclosed 

bearing. 

lb 


?4-in  rivets 

or  turned 

bolts, 

single 

shear, 

lb 


83 
(80 
I69H 

57  H 

6S 

I46 

(36 

J3i»6 

Us 

(32 

21 
I  18 
{  I7H 

15 

X2M 

I      9^i 

7H 

'       5^^ 


66800 
67500 
52700 
40200 
45  000 
41  400 
29000 
36900 
36000 
23600 
17200 
27900 
20900 
26  100 
24300 
18900 
II  300 
10400 
9500 
8600 
7700 


61  900 
53000 

53  000 
44200 
35  300 
35  300 
35  300 
35300 
35300 
26500 
26500 
17700 
17  700 
17700 
17700 
17700 
8800 
8800 
8800 
6800 
8800 


Min.  allow- 
able span,  j 
uniform    I 
load.       I 
ft 


-?4-in  rough  Min.  aUow- 


boltsc 

single 

shear, 

lb 


18.4 
17  5 
16.3 
IS  5 
17.6 
13.3 
15  o 
8.9 

HI 

8.1 
10.3 
7.4 
69 
5  7 
4  3 
4  4 
6.2 
4-4 
29 
2.2 
13 


H    } 


49500 
42400 
42400 
35300 
28300 
28300 
26300 
iBjoo 
36300 
21  200 
21  200 
14  100 
14  100 
14  100 
14  100 
14  100 
7  100 
7  100 
7  100 
7  100 
7  100 


able  span, 

uniform 

load, 

ft 


23.1 
21.9 
20.2 
17.6 
22.x 
16.7 
15  4 
II.  I 
II. 1 
9.0 
10.3 
92 
8.6 
7-1 
5  4 
5  5 
7.8 
55 
36 
3.7 
1-4 


Allowable  Unit  Stress  ix  Pounds  per  Square  Inch 


Single 
shear 


Rivets shop  12  000 

Rivets  and  turned 

bolte field  10  000 

Rough  bolts field  8  000 


I  Rivets,  enclosed.. shop  30000 

I  Rivets,  one  side.. shop  24000 
Bearing  |  Rivets  and  turned 

bolts field  20000 


Rough  bolts field    16000 


/  a  Wcb-thickness,  in  bearing,  to  develop  maximum  allowable  reactions,  when 
beams  frame  opposite 

Connections  are  figured  for  bearing  and  shear  (no  moment  considered) 

The  above  values  agree  with  tests  made  on  beams  under  ordinary  conditions  of 
use 

Where  the  web  is  enclosed  between  connection-angles  (enclosed  bearing),  values 
axe  greater  because  of  the  increased  efficit-ncy  due  to  friction  and  grip 

Special  connections  must  be  used  when  anv  of  the  limiting  conditions  given 
above  arc  exceeded,  as  when  an  end-react  ion  from  a  loaded  beam  is  greater  than 
the  value  of  the  cjonncction  of  the  shorter  span  with  the  beam  fully  loaded;  or  a  less 
thickness  of  web  when  maximum  allowable  reactions  are  used 


'  From  Pocket  Companion,  z9x5  Edition,  Caznesie  Steel  Compuy,  PitUboxgh;  Pa. 
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Table  HZ.*     Lengths  and  Weights  of  Tie-Rods  end  Anchors  for  Steel 


AMEUCAN   BRIDGE   OOKPANY  STANDARD 

ynLu^     2                                   ^-iNCH  TIE-RODS 

LCMCTHS  AND  WUGBTS  fOR  VARIOUS  DISTANCES   CbNTSR  TO  CSNTin  OT  BkAMS 

Weights  indude  two  nuts 

CtoC 

L'th 

Wgt 

CtoC 

L'th 

Wgt 

CtoC 

rth 

Wgt 

jCtoC 

L'th 

Wgt 

ft  in 

ft  in 

lb 

ft  in 

ft  in 

lb 

ft  in 

ft  in 

lb 

[  ft  in 

ft  in 

lb 

1  o 

2  O 

3  0 

A     0 

11 

7  o 

8  0 

1  3 

2  3 

3  3 

4  3 

11 
11 

a.jo 
3.«o 

»30  1 

9.S0 

I    3 

^    3 

1  3    3 

,  4    3 

t 

1  6 

2  6 

3  6 

*    S 

5  6 

6  6 

7  6 

8  6 

2.67 
4.17 
5.67 
7.17 
8.67 
10.17 
11.67 
13.17 

X    6 

2  6 

3  6 

4  6 

5  6 

6  6 

7  6 

8  6 

1  9 

2  9 

3  9 

4  9 

?? 
11 

3  05 
455 
6.0s 
7. 55 
90S 
10. 55 
la.os 
13. 55 

X    9 

2  9 

3  9 

4  9 

It 
11 

2  0 

3  0 

4  0 

11 

7  0 

8  0 

9  0 

3.4a 
A.92 

6.A2 
792 
943 
10.92 
12.42 
13.92 

For  strength  of  rods,  see  Tsbie  II.  page  388. 
Anchors* 


W\_^ 


SWEDGK-BOLI 

2^co:xsa 


Government  Anchor 


Weight  includes  nut 
BuiLT-lN  Ancbor-Bolts 


1   Diameter 

L':n:?th 

Welifht 

in 

.ft  In 

lb 

i           ^• 
1         1« 

0  e 

1  0 
1  0 
1  8 

1.3 
2.3 

ai 

6.1 

9i-in  nxl,  1  ft  9  in  long.    Wt., 
Angle-Anchor 


When  center  to  center  of  anchors  is  less  than 
width  of  washer,  use  washer  with  two  holes 


Two  angles,  6  by  4  by  Ms  by  2H  in 
Weight  with  ^-in  bolts,  7  lb 


For  beariog-platcs,  bases,  etc..  see  Chapter  XIII. 
*  From  Pocket  Companion,  19x5  Edition,  Carnegie  Steel  Company,  PftUbuigh,  Pa. 
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CHAPTER   XVI 

STRENGTH    OF    CAST-IRON    LINTELS    AND    WOODEN 

BEAMS 

By 
F.  H.  KINDL 

OO&SESPONDING  ME1IB£R  AMERICAN  mStlTUTE  OF  ARCHITECIS 

1.  Cmst-Iron  Lintels 

Form  of  CroM-Section.    Owing  to  the  fact  that  the  resistance  of  cast  iron 

to  tension  is  only  about  one-fifth  of  its  resistance  to  compression,  the  shapes  of 

beani9  most  economical  for  wrought  iron  or  steel  would  be  wasteful  for  cast 

iron.    The  extreme  brittleness  of  cast  iron,  and  the  danger  of  flaws  in  castings, 

render  it  an  undesirable  material  for  resisting  transverse  stress.    About  the 

only  form  in  which  cast-iron  beams  are  now  used  in  building-construction  in 

this  country  is  in  the  shape  of  lintels  for  supporting  brick  or  stone  walls,  in 

^^^^  places  where  a  flat  soffit  is  desired,  and  the  walls  are 

^^^  not  to  be  plastered.    Cast-iron  lintels  are  abo 

I  occasionally  used  over  store-fronts,  the  face  of  the 

■  lintel  being  paneled  and  molded  for  architectural 

I  effect. 

I  Experiments   on    Cast-iron  Beams.    Before 

I  wrought-iron  I  beams  were  manufactured,  cast- 

I  iron   beams  were   frequently   used   as   the   only 

I  available  ones,  other  than  those  of  wood  or  stone. 

^1__  Early  in  the  nineteenth  century  Eaton  Hodgkin- 

mmHll^jJIIIlJJI^m^ll  son,  an  English  engineer,  made  a  series  of  experi- 
FiR.  1.  Cross-section  of  Cast-  ^^"^^  "^^^  cast-iron  beams,  from  which  he  found 
iron  Lintel  of  Ideal  Form  ^^^  ^^  ^^f™  ^^  cross-section  of  a  beam  of  that 
material  which  will  resist  the  greatest  transverse 
stress  is  that  shown  in  Fig.  1,  in  which  there  is  six  times  more  metal  in  the 
bottom  than  in  the  top  flange.  The  relative  thicknesses  of  the  three  parts,  the 
web,  the  top  flange  and  the  bottom  flange,  may  be,  with  advantage,  as  5,  6  and 
8,  respectively. 

Strength  of  Cast-iron  Beams.  If  made  with  these  proportions,  the  width 
of  the  top  flange  will  be  equal  to  one-third  that  of  the  bottom  flange.  As  the 
result  of  his  experiments,  Hodgkinson  gave  the  following  rule  for  the  breaking- 
weight  at  the  middle  for  a  cast-iron  beam  of  this  form: 


( area  of  bottom  flangeX     /   depth   \ 

y      m  square  mches     /     \m  mches/ 


Breaking-load  in  tons  -  ^ -. — ^ : — -— (i) 

dear  span  m  feet 

.  This  rule,  although  largely  empirical,  agreed  Very  well  with  the  few  experi- 
ments that  were  made.  Structural  engineers,  however,  use  the  general  formu- 
las for  the  strength  of  beams,  as  given  in  Chapter  XV,  except  that  the  section- 
modulus  is  found  by  dividing  the  moment  of  inertu  by  the  distance  of  the 
neutral  axis  from  the  bottom  of  the  beam,  and  the  saje  tensile  strength  is 
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used  in  the  flexure-formula.  Thus  the  general  formula  for  a  beam  supported 
at  both  ends  and  with  the  load  uniformly  distributed,  as  given  in  Chapter  XV, 
page  560,  is; 

Safe  load  in  pounds  -  %  -^  X  5/.    As  St,  the  safe  tensile  strength  for  cast 

iron  should  be  taken  at  3  000  lb,  this  formula  becomes 

e  *   1     J  .  ,       2  000  J/c 

Safe  load  m  pounds r-^—  (2) 


and,  for  cither  section  given  below, 


/A- 


Moment  of  inertia 


A  b  \h  ib  **  „  « 

^  '        •  ^         •  t  HeuTRAL  axis' 


The  XOKENT  OF  INERTIA  IS  Computed  by  the  formula  (see  page  335) 


(3) 


in  which  b  denotes  the  combined  thickness  of  the  webs,  and  the  distances  d, 
du  and  dt  are  measured  from  the  neutral  axis,  which  must  pass  through  the 
CENTER  OF  GRAVITY  of  the  sectiou.  The  center  of  gravity  may  be  found  by  the 
method  ocplained  in  Chapter  VI.  This  formula  may  be  used  for  any  of  the 
above  sections  when  the  depth  does  not  exceed  the  width,  and  the  thiduess  of 
each  web  ts  at  least  equal  to  the  thickness  of  the  flange.  In  linteb  with  a  single 
web  it  is  well  to  make  the  thickness 


r 


1' 


T 


r 


1 


-6=28- 


Fig.  2.    Croas-flection  of  Cast-iron  Lintel 
with  Three  Webs 


of  the  web  Vi  or  %  in  greater  than 
the  thickness  of  the  flange.  For  a 
beam  with  a  cross-section  like  that 
shown  in  Fig.  1,  Formula  (a)  agrees 
very  closely  with  Formula  (i),  when 
a  factor  of  safety  of  six  is  used. 

Example.  The  following  example 
iQustrates  the  application  of  Formula 
(3):  It  is  required  to  compute  the  safe 
k>ad  for  a  cast-iron  lintel  having  the 
section  shown  in  Fig.  2  and  a  clear  span  of  10  ft.  The  load  is  uniformly  dis- 
tributed, and  the  thickness  of  the  metal  i  in. 

Solution.  The  first  step  is  the  finding  of  distance  d,  that  the  center  of  gravity, 
through  which  the  neutral  axis  of  the  cross-section  passes,  is  below  the  top- 
surface  of  the  beam.  This  is  found  by  taking  the  moments  of  the  areas  of  the 
cross-sections  of  webs  and  flange  about  the  line  XY,  and  dividing  their  siun  by 
the  area  of  the  entire  section.  (See  page  294.)  Each  web-section  is  11  in 
deep  and  x  in  thick;  hence  the  area  of  each  is  ix  sq  in.  The  moments  of  xeb 
THREE  WEBS  about  XY  wiU  then  be  3  X  1 1  X  5%  -  181.5 

The  moment  of  the  flange  about  XY  -  38  x  "  V4  -»  322 


503-5 


y  Google 


622        Strength  of  Cast-iron  lintels  and  Wooden  Beams    Chap.  16 


The  area  of  the  entire  cross-section  -  6x  sq  in 
503.5  +  61  »  8.25  »  rf  in 
Then         '        d  -  8.25  in  d"  -  561.5 

di  »  3.75  in  A*  -    52.7 

</«-2.75in  i«*-    20.8 

The  MOifENT  OF  INERTIA  IS  next  found  by  Formula  (3) : 
3  X  561.S  -f-  28  X  53-7  -  35  X  20.8 
3 

I/c  -  880/3.75.    From  Fonnula  (2)  the  safe  load  -  (2  000  X  234.6)/xo  «  46  920 
lb,  or  23.4  tons. 

Ends  and  Brackets  of  Cast-Iron  Lintels.    When  a  lintel,  the  cross-sec- 
tion of  which  has  the  shape  of  an  inverted  T  (-L),  is  used  over  a  single  opening,  the 


/-■ 


J  -   3in 
6'  •  28  in 


—  880 


Fig.  8.    Cast-iron  Lintel  with  Taperiag  Web 


web  may  be  tapered  towards  the  ends,  as  in  Fig.  3,  without  affecting  the  strength. 
If  the  flange  is  more  than  8  in  wide,  brackets  should  be  cast  in  the  middle,  as  at 
A,  Fig.  3. 

When  CONTINUOUS  untels  are  used  over  store-fronts  or  similar  places, 
ends  should  be  cast  on  the  lintels,  as  in  Fig.  4,  and  the  ends  of  abutting  Untels 


Fig.  4.    Cast-iron  Lintel  with  Ends  for  Bolting 

bolted  together.    All  lintels  with  two  or  three  webs  should  have  '9o\\d  ends  con* 
necting  the  webs. 

Tables  of  Strength  of  Cast-Iron  Lintels.    The  tables  on  the  following 
pages  have  been  computed  in  avxordaoce  with  Formula  (2).    The  weight  of  the 
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lintel  itadf  should  be  deducted  from  the  safe  load.  In  using  these  tables  it 
should  be  remembered  that  the  values  are  for  kuCds  unvormly  distributed. 
If  the  load  is  concentrated  at  ihe  middle,  it  should  be  multipUed  by  2,  If 
at  some  other  point  than  the  middle,  the  load  should  be  multiplied  by  the  value 
given  on  pages  566  and  632,  which  most  Zicarly  corresponds  with  the  position 
of  the  load.  For  other  spans  than  those  given,  the  distributed  load  should  be 
multiplied  by  the  span,  and  the  lintel  used  which  has  acoEiriciENT  or  strength 
C  (Table  I)  just  above  the  product  thus  obtained.  (For  explanation  of  coeffi- 
cient of  strength,  see  Chapter  XV,  page  556.) 

Example.  It  is  required  to  support  a  i3-in  brick  wall,  10  ft  hight  over  an 
opening  5  ft  6  in  wide,  with  a  cast-iron  lintel.  At  a  distance  of  as  in  from  one 
support,  a  girder,  which  may  bring  a  load  of  9  600  lb  on  the  lintel,  enters  the 
wrIL    What  should  be  the  dimensions  of  the  linteU* 

Sohalioii.  At  no  lb  per  cu  ft,  the  wall  above  the  lintel  weighs  xoX  5%  X  no 
->  6050  lb.  As  22  in  is  one-tlUrd  of  the  span,  the  concentrated  load  is  multi- 
plied by  1.78  (page  632),  making  the  bad  17  088  lb.  The  total  equivalent  dis- 
tributed load  is  then  23  138  lb.  Multiplying  this  by  the  spsai  there  results 
127  259  lb,  or  63.6  tons,  as  the  least  value  for  the  coefficient  of  strength  C  From 
the  table,  it  is  found  that  a  xa  by  lo-in  lintel,  i  in  thick,  with  one  web,  has  a 
coefficient  of  strength  of  72.2;  and  that  a  12  by  8  by  xH-in  lintel  with  two  webs, 
has  a  coefficient  of  strength  of  69.9.  A  lintel  with  two  webs  is  best  for  a  12-in 
wall,  and  interpolating  between  the  vahies  of  C  for  the  i-in  and  2-in  thicknesses 
of  the  12  by  8-in  Untel,  65.4  is  found  to  be  the  value  of  C  for  a  thickness  of  xH 
in.  This  exceeds  the  required  value  by  enough  to  more  than  compensate  for 
the  weight  of  the  lintel  itself;  hence  a  12  by  8  by  xV^-in  lintel  with  two  webs 
is  used. 

Flaws  in  Castings.  Owing  to  the  liability  of  flaws  in  the  castings,  cast-iron 
beams  should  always  be  carefully  inspected  before  being  accepted. 
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Tabl«  I.    Siif«  Dtstrllmtad  Loadi  ia  Tons  for  Ciut-Irao  Liattli 


Lintels  or 


CQL 


Shapes 


K-WIBTN-#1 


JMn»nHi| 


Loads  indttde  weights  of  lintels,    llaiimttm  tensile  stress  3  ooo  lb  per  sq  in.    See 
remarks,  pages  63a  and  623. 


Sise, 
width 

by 

depth. 

in 

Thick- 
ness of 
metal, 
in 

Weight 

per 

foot, 

lb 

c, 

tons 

Span  in  feet 

5 

6 

7 

8 

9 

10 

II 

13 

6x  6 

I 
iH 

26.3 
34.4 
43.0 

IS  9 
19.0 
21. s 

3.18 
3.80 
430 

3.6s 
3.16 
358 

3.37 
3.71 
3.07 

X.98 
2.37 
3.68 

X.76 
3. II 
2.39 

1  59 
1.90 
3.  IS 

I  44 
1.72 
1  95 

1.32 
I.S8 
1.79 

7X  6 

H 

I 

a8.6 
37.5 
459 

17.8 
ax. 3 
34.0 

3.S6 
4.26 
4.80 

2.96 
3.SS 
4.00 

3. 54 
3.04 
343 

3.33 

3.66 
3.00 

X.98 
2.36 
3.66 

1.78 

3.X3 

3.40 

X.61 
X.93 
3.18 

X  48 

X.77 
3.00 

7X  7 

X 

xH 

31.0 
40.6 
498 

32.6 
37.5 
31.4 

4.S2 

SSO 
6.28 

3.76 
4.S8 
S.23 

3.23 
3.93 
4  49 

3.83 
3  43 
3.92 

3.51 
305 
349 

3.36 
2.7s 
3X4 

3.05 
3.50 
285 

1.88 
3.29 
363 

8X  6 

H 
1 
i>4 

31.0 
40.6 
498 

19.6 
23  4 
26.4 

3.92 
4.68 
S28 

3.36 
3.90 
4.40 

3  80 
3.34 

3.77 

2. 45 
3.93 
3.30 

3.18 
3.60 
2.93 

1.96 
234 
364 

1.78 
3.12 
3.40 

I  63 
1  95 

2. 30 

8X  7 

333 
437 
S3. 7 

25  0 

30.3 
34.8 

5.00 
6.06 
6.96 

4.16 
S  OS 
5. 80 

3-57 
4  33 
4  97 

3.13 

3.79 

4. 35 

2  77 
3.36 
386 

3  SO 
303 
3.48 

2.27 
2.75 
3.16 

3  08 
3  52 
390 

8X.8 

H 

I 

35.6 
46.8 
S7.6 

30.6 

37.6 
43.4 

6.12 
7. 52 
8.68 

5.10 
6.36 
7.23 

4.37 
5. 37 
6.30 

3.83 
4.70 
5  42 

3.40 
4. 18 
4.82 

3.06 
3.76 
4.34 

2.78 
3.41 
3.94 

a-5S 
3.13 
3.61 

8X  9 

H 

X 

3B.0 
SCO 
61.5 

36.S 
4S  2 
S2.6 

7.30 
9.04 
10.53 

6.08 
7. S3 
8.76 

S.3I 
6.45 
7. SI 

456 
5.65 
6.S7 

4. OS 
5.02 

5.84 

3.65 
4. 52 

5.26 

3.31 
4. XI 
4.78 

3.04 
3.76 
4.38 

lax  6 

H 

X 

xH 

40.4 
S3  I 
6S.4 

26s 
31  6 
34.8 

s  30 

6.32 
6.96 

4  41 
S.26 
5. 80 

3.78 
4. SI 
4.97 

3. 31 
395 
4.35 

2.94 
3. SI 
3.86 

3.65 
3x6 
3.48 

2.41 
3.87 
3.16 

3.21 
263 

390 

lax  8 

x 

4S.0 
S9.4 
73.2 

41.7 
SI. 2 
S8.S 

8.34 
10.24 
11.70 

6.95 
8.S3 
9. 75 

595 
7.31 
8.35 

5.21 
6.40 
7.31 

4.63 
5.69 
6.50 

4.17 

5.13 
5. 85 

3.79 
4.65 
S.32 

3.48 
4.36 
4.87 

13X10 

X 

xH 

49.8 
6S.6 
81.0 

S8.0 
72.2 
83.8 

XI. 60 
X4.44 
16.76 

9.66 

13.03 

13.96 

8.38 
X0.3X 
"97 

7.25 
9.02 
10.47 

6.44 
8.02 
9.31 

5.80 

7.23 
8.38 

5.27 
6.56 
7.62 

4.83 
6.01 
6.98 

laxia 

H 

x 

54.4 
7X.9 
88.9 

7S.2 
94.8 
III.S 

IS. 04 
18.96 
23.30 

13.53 
IS. 80 
18.58 

10.74 
13.54 
IS.92 

9.40 
11.85 
13.93 

8.35 
X0.S3 
12.39 

7.52 
9.4s 
IX.  xs 

6.83 
8.63 
10. 13 

6.36 
7.90 
9.29 
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I  (OwiHimad).    Sirft  DisliibBto4  Loads  in  Tons  for  Caat-Iioii  Unteto 


Lorms  ov 

1 

Dtf'TH 

i  r^ 

_,   Shapes 

1 

•           I                            1 

r     '"-■■     ■»      • ■• 

Loads  iadttde  weights  of  lintds.    Blaxunum  tensile  streBS  3  ooo  lb  per  sq  in.    See 
Tnurks.  pases  6n  and  633. 

Siac 

width 

by 
depth. 

in 

Thirk- 
nesiof 

metal, 
in 

Weight 

pa- 
foot . 
lb 

tons 

Span  in  feet 

5 

6 

7 

8 

9 

XO 

IX 

xa 

12x6 

I 

53.7 
688 
84.0 

31.7 
37.6 
43.0 

6.34 
7  52 
8.60 

5.28 
6.26 
7.16 

4.53 
5.37 
6.14 

3.96 
4.70 
5.37 

3  52 
4.18 
4.77 

3.17 
3.76 
4.30 

2.88 
3  42 

3.9X 

2.64 
3.13 
3.58 

UK  8 

X 

xV« 

621 

813 
996 

495 
60.9 
69.9 

990 
12.18 
13.98 

8.2s 
xo.is 
XX.65 

7.07 
8.70 
9.98 

6x9 
7.61 
8,73 

550 
6.76 
7.76 

4.95 
6.09 
6.99 

4.50 
5  53 
6.35 

4.12 
5.07 
5.82 

UX  6 

X 

iH 

57. 4 
75. 0 
91.8 

35. 5 

42.0 
48.0 

7  10 
8.40 
9.60 

5.91 
7.00 
8.00 

5.07 
6.00 
6.85 

4.43 
5.25 
6.00 

3.94 
4.66 
5.33 

3.55 
4.20 
4.80 

3.22 
3.82 
4.36 

2.96 
3  50 
4.00 

I4X  8 

H 

X 

xH 

66.8 
87.5 
X07.4 

55. 4 
68.x 
78.8 

XX. 08 

13.62 
XS.76 

9.23 
IX. 35 
X3.13 

7.91 
9  73 
XI. 25 

6.92 
8.51 
98s 

6.15 
7.56 
8.75 

5. 54 
6.8x 
7.88 

5.03 
6x9 
7.16 

4.61 
5.67 
6.56 

i6x  6 

1 

X 

.    xM 

63.1 
8x3 
996 

39.1 
46.8 
52.9 

7.82 
9.36 

IO.S8 

6sx 
7.80 
8.8x 

558 
6.68 
7. 55 

4.88 
5.85 
6.6x 

4.34 
5. 20 
5.88 

391 

4.68 
5.29 

3.55 

4-25 
4.81 

3.25 

3.90 
4.40 

i«X  8 

1 

X 

xH 

71.5 
93.8 
iiS-a 

6X.4 
74.6 
86.8 

X2.2B 

14.93 

17.36 

XO.23 
X2.43 
14.46 

8.77 
10.65 
12.40 

7.67 
932 
10.85 

6.82 
8.29 
9.64 

6.14 
7.46 
8.68 

5.58 

6.78 
7.89 

5.11 
6.21 
7.23 

aox  6 

H 

X 

xM 

7x5 
93.8 
IXS.2 

47.2 
55.x 
62.0 

944 
XX. 02 

X2.40 

7.86 
9.18 
10.33 

6.74 
7.87 
8.85 

5.90 
6.88 
7.75 

5.24     4.72     4.29     3.93 
6.12      5.51      501     4  59 
6.88     6.20     S.63     5.16 

|MX  8 

I 

80.8 
xo6.a 
130.8 

72.6 
89-5 
X02.S 

14.52 
X7.90 
ao.50 

12.  xo 

X4.91 

X7.08 

10.37 
X2.78 
14.64 

9.07 
XX.  18 
12. 8x 

8.06     7.26     6.60  16.05 
9.94     8.95     8.13     7.45 
11.39    10.25  I  9.31     8.54  I 

20x10 

I 
xH 

90.2 
X18.8 
146.5 

X00.5 
125.4 
X46.8 

20..X0 

25.08 

29.36 

X6.7S 
20.90 
24.46 

1435 
17.91 
20.97 

12.56 
15.67 
X8.3S 

11.16    10.05  1  9.13     8.37  1 
13.93    12.54    11.40    10.45  I 
16.31    14.68  1x3.34  lia.23  I 

I20XM 

I 

99-6 
X3X.3 

X63.I 

X22.6 
X58.O 
189.S 

24.52    20.43 
3X.60   26.33 
37.90   31.58 

17.51 
22.57 
27.07 

15.32 
19.7s 
23.68 

13.62 

17.  SS 

21.  OS 

12.26     11.14  \10.2I    1 
IS.80     14.36    13.16 
18.95  I17.22  liS.79 

1 
MX  8 

H 

I 
xH 

90.2 
1x8.8 
146.5 

83.4 

xoa.4 
XX7.0 

X6.68    13.90    11.91 
20.48    17.06    14.63 
23.40  I19.50   16.71 

10.43 
12.8c 
14.62 

9.26 
)    11.37 
1    13.00 

8.34  1  7.S8'1  6.9s 
10.24      9.31     8.53 
IX. 70    10.63     9-75 
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TtaUa  I  (CMillinMd).    Sitft  Dbtriboled  LMdt  in  T«M  for  CMt-Irao  LfartOs 


LucTKU  or 


Lid 


Shapes 


Loads  include  weights  of  lintels.    Maximum  tensile  stress  3  ooo  lb  per  tq  in.     See 
zemarks.  pages  6u  and  623. 


Size, 
width 

by 

depth, 

in 

Thick- 
ness of 

metal, 
in 

Wetcht 

per 

foot. 

lb 

c. 

torn 

Span  in  feet 

S 

6 

7 

8 

9 

10           XI 

12 

34x10 

I 

99.6 
131. 3 
162. 1 

116. 
144. 
167. 

0  23. ao 
4    28.88 
6   33.53 

1933 
24.06 

37.93 

16.57 
20.63 
33.94 

14.50 

X8.QS 

30.9S 

X2.88 
16.04 
18.63 

XX. 60   10.54 

1444     13  13 
16.76J    15.33 

966 

13.03 
13  96 

34X13 

)4 

X 

iV4 

109.0 
143.8 
177.7 

ISO. 
189. 
223 

4    30.06 
6   37.93 
0    44.60 

25.06 

31.60 
37.16 

31.48 
27.06 
31.8s 

i8.80|  16.71 
23.70   31.06 
27.87    24.77 

«.04 

18.96 
32.30 

1367 
17.33 

30.27 

la  53 

IS  80 
18  5« 

38x  8 

996 
131. 3 
162. 1 

95. 
115. 
X30. 

5    «9.lo 
0   23.00 
5    36.10 

IS  91 

19.16 
31.75 

13.64 
16.43 
18.64 

11.93    X0.6X 
14.37    X2.77 
16.31    14-50 

955 
XX. SO 
13.05 

8.68 

10.45 
11.86 

7  9« 

9  58 

10  87 

26X10 

I 
iH 

109.0 
143.8 
177.7 

X30. 

164. 

X88. 

0   36.00 
8   33.96 

5    37.70 

21.67 
37.46 
31.41 

18.57 
33.54 

36.93 

16.25,  14. 44 
ao.6o    X8.3X 
23.56    20.94 

13.00 

16.48 
18.8s 

11. 82 
14  98 

17.14 

10.83 
13  73 

IS  70 

38XX2 

X 

118.3 
156.3 
193.3 

162. 
SIX. 
253. 

S   33.50 
8   43.36 

0   50.40 

27.08 
35.30 
43.00 

13.31 

30.26 

36.00 

20.31    18.06 
26.48,  2353 

31.50    28.00 

16.25 
ax.x8 
25.20 

14.77 
19.35 
22.91 

13.  M 
17  <>5 
21   00 

16X  6 

I 

JNTn.8 

OV 

4"     Shapi 

s 

i 

1 

9i 

X 

74.4 

9«.9 

118. 1 

43. 
53. 

59. 

3  8.66 

4  xe.4ft 
3    IX. 86 

7.31 
8.73 
9.88 

6.XS 

7.4« 
8.47 

S.4I 
«.55 

7.41 

4.8X 
S.82 
6.59 

4  33     3.93 
S.34      4.76 
593      5.39 

3«C 

4.36 
4  <M 

x6x  « 

94 

18.5 

XX5.6 
141. 6 

66. 

83. 

97. 

X    13.6a 
9    16.75 
0    19.40 

11.35 
13.98 
16.16 

9.73 
IX.9B 

13.85 

8.51 

10.48 
12.12 

7.S6 
9.33 

10.77 

6.8t 
8.39 
9  70 

6.19 
7.63 
8.81 

5  67 

6  9^.. 
8  <« 

20X  8 

I 

97.8 
isS.x 

IS7.3 

80. 

98 

113. 

a  16.04 
7    19.74 

9    32.78 

13.36 
x6.4S 

18.98 

IX. 45 

14. 10 

16.27 

xo.oa 
ia.33 
14.33 

8.91 

10.96 
13.65 

8.02 
9.87 
11.39 

7.39 
•  97 
10.33 

6  6« 

8   2J 
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Table  I  (ContiaiMd).    6ti%  Distrilmtad  Loads  in  Tons  for  C«st-Iroa  UotetB 


LWTEU  OCT 


J. 


Shafu 


Loads  include  wd^t  of  linteb.    IffMimiiTW  tensile  stren  3  coo  lb  per  sq  in.    See 
rexxiarks.  pages  62a  and  623. 


Size, 
width 

by 

depth. 

in 

Thick- 
ne^oC 

metal, 
in 

Weight 

per 
foot. 

lb 

tons 

Span  in  feet 

5 

6 

7 

8 

9 

10 

II 

12 

loxio 

9i 

1 

111.9 
146.9 
180.7 

112.0 
139-7 
163. 5 

22.40 

27.94 
32.70 

X8.66 
23.28 

27.25 

16. CO 
19  95 
23. 35 

14.00 
17.46 
20.43 

12.44 
15.52 
18.16 

11.20 
13.97 
16.35 

10.18 
12.70 
14.86 

933 
11.64 
13.62 

ioxia 

I 

126.0 
X65.6 
204.1 

146.7 
184.8 
218.8 

29.34 
36.96 
43.76 

24.45 
30.80 
36.46 

20.95 
26.40 
31.25 

18.33 
23.10 
27. 35 

16.30 
20.53 
24  31 

14.67 
18.48 
21.88 

13. 33 
16.80 
19.89 

12.22 
15  40 
18.24 

I4X  8 

I 
iVi 

107.2 
140.6 
172.6 

91.9 

112.8 

130.2 

18.38 
22.56 
26.04 

15.31 
18.80 
21.70 

13.12 
16. II 
13.57 

11.49 
14.10 
16.27 

10.21 
12.53 

14.47 

9.19 
11.28 
13.02 

8.35 
10.25 
11.83 

7.66 
9.40 
10.85 

24X10 

H 

I 

I2T.3 
1594 
196.3 

127.8 
159.5 
183.6 

25.56 
31.90 
36.72 

21.30 
26.58 
30.60 

18.25 
22.78 
26.23 

15  97 
19.94 
22.95 

14.20 

17.72 
20.40 

12.78 
is.  95 
18.36 

11.61 
14.50 
16.69 

10.6s 
13.29 
IS. 30 

24x12 

H 
I 
iVi 

135. 3 
178. 1 
219.7 

166.6 
209.3 
247.7 

33  32 
41.86 
49.54 

27.76 
34.83 
41.28 

23.80 
29.90 
35.39 

20.82 
26.16 
30.9« 

18.51 
23.25 
27.52 

16.66 
20.93 
24.77 

15.14 
19.02 
22.51 

13.88 
17-44 
20.64 

28X10 

H 

I 

130.7 
171. 9 
211. 9 

141. 4 
177.4, 
207.8 

28.28 
35.48 
41.56 

2357 
29.57 
34.63 

20.20 
25.34 
29.68 

17.67 
22.17 
25.97 

15.71 
19.71 
23.09 

14-14 
17.74 
20.78 

12.85 
16.12 
18.89 

11.78 
14.78 
17.31 

38X12 

94 

X 

iV4 

144.7 
190.6 
^35  3 

186.0' 
234.6' 
277.9, 

37-20 
46.92 
55.58 

31.00 
39  10 
46.31 

26.57 
33.51 
39.70 

23.2s 
29.32 
34.74 

20.66 
26.06 
30.88 

18.60 
23.46 
27.79 

16.91 
21.32 
25.26 

15-50 
19-55 
23.16 

2.  Sectfons,  StreMes,  BucUiiig  and  Daflaction  of  Wooden  Banms 

Sections  and  Fiber-Stresses.  The  crosfr-sections  of  wooden  beams  are 
almost  invariably  square  or  rectangular,  and  those  shapes  only  are  considered 
in  the  following  rules  and  formulas.  Beams  should  have  such  a  cross-section, 
that  the  maximum  fiber-stress  due  to  transverse  bending,  the  maximum  hori- 
zontal shear  and  the  compression  across  the  grain  at  the  end-bearings,  do  not 
exceed  the  average  allowable  unit  stresses  as  set  forth  in  Table  XVI,  page 
647. 

BacUing.  Beams  should  be  braced  laterally  to  prevent  buckling  when 
the  ratio  of  length  to  breadth  exceeds  twenty,  or  designed  with  a  reduced  fiber- 
stress  from  that  allowable,  where  this  ratio  is  exceeded.  The  percentage  ov 
REDUCTION  shoukl  be  as  follows: 
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Ratio  of  length  to  width 20  to  30    30  to  40    40  to  50    50  to   60 

Percentage  of  reduction 25  34  42  50 

Deflection.  It  is  also  important  that  beams  carry  the  loads  without  deflect^ 
ING  beyond  a  limit  fixed  by  the  use  to  which  the  structure  is  applied;  this  limit 
is  generally  taken  at  Ho  of  an  inch  per  foot  of  span  for  plastered  ceilings. 

t*  Constants  and  Coefficiantt  for  Beams 

Value  of  the  Constant,  A.  The  letter  A  m  the  following  formulas  (4)  to 
(x6),  denotes  the  safe  load  for  a  unit  beam,  i  in  square  in  section  and  i  f  t  in 
span,  loaded  at  the  middle  of  the  span.  This  is  also  one-eighteenth  of  the 
allowable  fiber-stress  in  pounds  per  square  inch.  (See  Table  I,  on  paif^c 
557.)  The  following  are  the  values  of  4,  obtained  by  dividing  by  eighteen  the 
recommended  unit  stresses  for  transverse  bending,  and  those  given  in  the 
building  laws  of  New  York,  Chicago,  Baltimore,  Boston,  Cincinnati  and  the 
District  of  Columbia  and  in  the  recommendations  of  the  Board  of  Fire  Under- 
writers. 


Beams.    Values  of  A 

Steel  and  Wooden 

Materials 

New  Yorkf 

Chicago 

Baltimore 

Boston 

Recom- 
mended    I 

Cast  iron 

167 
667 
8S9 

67 
44 
44 
33 
44 
56 

167 
667 
889 

72 
44 
44 
33 

X67 
667 
889 

100 

.     S6 

75 

667 
889 

83 
56 
56 

167         i 

Wrought  iron 

Steel 

667 
889 

67         ' 
39 
39 
33 

44 

67          1 

1 

Yellow  pine 

White  pine 

Spruce 

Hemlock 

Chestnut 

Oak 

67 

83 

S6 

*  For  safe  allowable  working  unit  stresses  for  other  woods,  see  Table  XVI,  page 
647.  Prom  these  values,  A  may  be  determined  by  dividing  them  by  eighteen.  See 
Table  XVII,  page  648,  fa:  other  stresses  for  woods,  taken  from  varioias  building  laws. 
See  Tables  XVIII  and  XIX,  pa«es  650  and  651,  for  the  ultimate  strength  of  various 
woods. 

t  New  York,  Cincinnati,  District  of  Columbia  and  the  Board  of  Fire  Under- 
writers use  identical  values. 


Values  of  A 

Materials 

Values  of 
A 

Materials 

Values  of 
A 

Granite 

10 
8 
7 
6 

Bluestone 

17 

Limestone 

Slate 

22 

Marble 

Concrete  1  :2  :4 

Concrete  i  :2  :s 

1-7 

Sandstone 

1 

t  Values  of  A  for  stone  beams  as  recommended  are  identical  with  those  of  the  Build- 
ing Laws  of  New  York  and  the  Board  of  Fire  Underwriters.  For  temporary  8truc> 
tures  the  above  recommended  values  of  A  may  be  increased  30%. 
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4.  Flexural  Strength  of  Wooden  Beams 

Section-Modultts.  For  beams  with  a  rectangular  cross-section,  the  formulas 
for  strength  can  be  simplified  by  substituting  for  the  section-uodulus  its 
value  %  bd*,  where  b  is  the  breadth  and  d  the  depth  of  the  sectioii. 

Substituting  this  value  in  the  general  formulas  for  beams  with  rectangular 
cross-sections  and  of  any  material,  the  following  formulas  result: 

Beents  Fixed  at  One  End  and  Loaded  at  the  Other  (Fig.  i). 

^  ,   ,     ,  .  .       breadth  X  square  of  depth  Xi4*  .  . 

Safe  load,  m  pounds  = —. — ^.  .    .    . (4) 

4  X  length  m  feet 

or 

u     j*u    •     •    u  4  X  load  X  length  in  feet  .. 

Breadth,  m  mches .,    ^.^  Am  (s) 

square  of  depth  X-^* 


-/■ 


>^>^; 


Fig.  5.    Cantilever  Beam.    Load 
near  Free  End 


Fig.  6.    Cantaever  Beam.    Distrib- 
uted Load  over  Entire  Span 

Beams  Fixed  at  One  End  and  Loaded  with  a  Uniformly  Distrilmted  Load 

(Fig.  C). 

e/  ,     .  .  ,       breadth  X  square  of  depth  Xi4* 

Safe  load,  m  pounds  ■■ ; ,  .    ,    

2  X  length  m  feet 
or 

„,,,...  2  X  load  X  length  in  feet 

Breadth,  m  mches rr-^^r 7^— 

square  of  depth  XA* 

P 


(6) 
(7) 


4- 


m  ^ 

Fig.  7.    Simple  Beam.    Load  at  Middle  of  Span 
Sttpported  at  Both  Ends  and  Loaded  at  the  Middle  (Fig.  7). 
breadth  X  square  of  depth  XA* 
span  in  feet 


Safe  load,  in  pounds  ■■  - 


(8) 


Breadth,  in  inches    -» 


span  in  feet  X  load 


square  of  depth  XA* 
*  For  values  of  A,  see  Tables  II  and  m. 


(9) 
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Beams  Supportad  «t  Bottt  SoOi  and  Loaded  frith  a  JJnitotmlj  Distributed 
hotA  Over  Entire  Span  (Fig.  8).  . 


Fig.  8.    Simple  Beam.    Dbtributed  over  Entire  Span 

2  X  breadth X  square  of  depth XA* 
span  in  feet 


Safe  load,  in  pounds « 


Breadth,  in  inches     «-  ■ 


span  in  feet  X  load 


(lO) 


(II) 


2  X  square  of  depth  X  ^4* 
Beams  Sapported  at  Both  Ends  and  Loaded  with  a  Uniformly  Distciboted 
Load  Over  Only  a  Portion  of  the  Span  (Fig.  •). 


Fig.  9.    Simple  Beam.    Distributed  Load  over  Part  of  Span 

In  this  case  the  dimensions  of  the  beam  required  to  carry  the  load  can  be 
accurately  determined  only  by  computing  the  maximum  bending  moment,  as 
explained  in  Chapter  IX,  and  substituting  the  value  thus  found  in  Formula  (i6), 
following.  If,  however,  the  length  h  is  very  short  in  comparison  with  /,  then  the 
load  may  be  considered  as  concentrated  at  the  middle  of  the  span  and  the 
breadth  of  the  beam  may  be  found  by  Formula  (9).  Formula  (13)  is  used  H 
the  load  is  at  one  side  of  the  middle.    The  error  will  be  on  the  safe  side. 

Beams  Supported  at  Both  Ends  and  Loaded  with  Concentrated  Load,  not 
at  the  Middla  of  the  Span  (Fig.  10). 

n 


Fig.  10.    Simple  Beam.    Coaceattated  Load  at  Any  Poliit 

breadth  X  square  of  depth  X  span  XA* 


Safe  load,  in  pounds  » 


Breadth,  in  inches    - 


4XwX» 
4XloadX«Xn 


square  of  depth  X  span  XA* 
•  For  values  of  X,  see  Tables  II  and  III. 
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t 
B«uni  Supported  at  Both  Badt  and  Loaded  with  P  Ponads  at  a  lyistance 
Bod  (Fig.  11). 


Fig.  11.    Simple  Beam.    Two  Equal  Concentnted  Loads  SymmetricaUy  Placed 
Safe  load,  P,  in  pounds )       breadth  X  square  of  depth  X  ^4  * 


at  each  point 


Breadth,  in  inches 


4Xw 

4  X  load  at  one  point  X  m 
square  of  depth  X  /i* 


(14) 


(15) 


Note.    In  the  last  two  cases  the  lengths  denoted  by  m  and  n  should  be  in 
feet,  as  the  spans  are  in  feet. 


S.  Application  of  Formulas  for  Flexural  Strength  of  Wooden  Beams 

Bxample  i.  What  load,  6  ft  out  from  the  wall,  will  an  8  by  i4^n  long-leaf 
yellow  pine  beam,  securely  fastened  at  one  end  into  a  brick  wall,  sustain  with 
safety? 

Solutioii.    The  safe  load  in  pounds  (Formula  4)  ■■ -  4  377  lb 

4  Xo 

Enmple  a.  It  b  desired  to  suspend  two  loads  of  10  000  lb  each,  4  ft  from 
each  end  of  an  oak  beam,  20  ft  long.    What  should  be  the  size  of  the  beam? 

Sdmion.  Let  the  depth  of  the  beam  be  assumed  to  be  16  in.  Then  (For- 
mula 15) 

Tn.    u       -j^u      4  X  10  000  X  4  , 

The  breadth . — ■  -  9.3  m,  ncany 

250X67 

The  beam,  therefore,  should  be  10  by  16  in  in  cross-section. 

Beam  with  Several  Loads.  It  is  xequired,  next,  to  determine  the  size  of  a 
beam  which  is  supported  at  both  ends,  and  which  will  safely  support  several 
concentrated  loads,  or  a  distributed  load  and  one  or  more  concentrated  loads. 
The  correct  method  of  finding  the  least  size  of  a  beam  that  will  safely  support 
a  combination  of  loads,  is  to  first  find  the  maximum  bending  moment,  as  ex- 
plained in  Chapter  IX.  page  329,  and  then  substitute  the  value  thus  found  for 
this  BENDING  MOMENT  in  the  following  formula: 


Breadth,  in  inches  '■ 


4  X  maximum  bending  moment  in  ft-lb 


(16) 


squaxe  of  depth  X  A 

A  shorter  and  easier  method  is  to  find  the  equivalent  distributed  load  for 
each  concentrated  load,  and  then  find  the  size  of  a'  beam  required  to  support 
the  total  equivalent  distributed  load  thus  found.  The  equivalent  distributed 
loads  for  concentrated  loads  applied  at  different  proportions  of  the  span  from 
either  end,  may  be  obtained  by  multiplying  the  concentrated  loads  by  the  follow* 
log  f  ACioas: 

*  For  values  o£  i4 ,  tee  Tables  II  and  lU. 
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Table  IV.    Factors  for  Bquiyalent  Distributed  Leeds 


Position  of  load 

• 
Factor 

For  a  concentrated  load 
For  a  concentratfd  load 
For  a  concentrated  load 
For  a  concentrated  load 
For  a  concentrated  load 
For  a  concentrated  load 

For  a  concentrated  load 
For  a  concentrated  load 

Applied  at  middle  of  span 
Applied  at  one-third  the  span 
Applied  at  one-fourth  the  span 
Applied  at  one-fifth  the  span 
Applied  at  one-sixth  the  span 
Applied  at  one-seventh  the  span 
Applied  at  one-eighth  the  span 
Applied  at  one-ninth  the  span 
Applied  at  one-tenth  the  span 

Multiply  by  2. 
Multiply  by  1.78 
Multiply  by  IS 
Multiply  by  1.28 
Multiply  by  iH 
Multiply  by  0  98 
Multiply  by    ^ 
Multiply  by  0.79 
Multiply  by  0.72 

(See,  also.  Chapter  XV,  Safe  Loads  for.  Steel  Beams,  page  566.) 

Thus,  a  concentrated  load  of  900  lb,  applied  at  one-sixth  the  span  from  one 
support,  will  result  in  the  same  maximum  bending  moment  as  a  distributed 
load  of  900  X  1%.  or  1  000  lb. 

The  above  method  for  finding  the  size  of  a  beam  for  a  combination  of  several 
loads  gives  a  larger  beam  than  the  correct  method,  by  Formula  (16),  for  the 

reason  that  the  maximum  bending  moment 
will  not  be  equal  to  the  sum  of  the  in- 
dividual bending  moments.  Henc«,  when 
there  are  several  heavy  loads  to  be  sup- 
ported, it  is  economical  to  compute  the 
maximum  bending  moment  by  the  graphic 
METHOD  expUined  in  Chapter  IX,  page 
329- 

Bxample  3.    The  girder  G.  Fig.  12,  sup- 
ports the  rafters  of  a  flat  roof,  and  also 
Fig.  12.   Girder  with  Three  Conccn-    t^*"*  *»cavy  beams,  A,  B  and  C,  blocked  up 
trated  Loads  above  the  roof  and  supporting  a  large  tank 

filled  with  water.  The  timber  is  to  be 
long-leaf  yellow  pine.  The  weight  of  the  roof  and  allowance  for  snow  is  7  500 
lb.  Each  of  the  beams  A,  B  and  C,  impose  a  load  on  the  girder,  due  to  the 
weight  of  the  tank  and  its  contents,  of  3  000  lb.  What  should  be  the  size  ol  the 
girder? 

Solution.  The  roof-load  may  be  considered  to  be  uniformly  distributed. 
The  load  from  beam,  /I,  is  applied  at  one-third  the  span  from  one  end;  the  load 
from  B,  five-twelfths  the  span  from  the  other  end;  and  the  load  from  C,  one- 
sixth  the  span.  The  fraction  five-twelfths  is  the  mean  of  one-half  and  one-third; 
hence  the  load  from  B  should  be  multiplied  by  1.89.  Multipl3dng  the  con- 
centrated loads  by  their  proper  factors,  the  equivalent  distributed  load  b  found 
to  be  as  follows: 

Roof-load,  distributed,  ■■    7  500 

Load  from  A ,  3  000  X  i  .78  -5  340 

Load  from  B,  3  000  X  1  89  -    5  670 

Load  from  C,  3  000  X  iV^  -    3  333 

Equivalent  distributed  load  -  21  843  lb 
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Assuming  i6  in  as  the  depth  of  the  beam,  and  using  Formula  (ix). 

The  breadth  « — ^  =  76  m 

2X356X67 

Assuming  14  in  for  the  depth,  10  in  is  obtained  for  the  breadth;  hence,  the 
gizder  must  be  10  by  14  in,  or  8  by  x 6  in  In  cross-section. 

Strut-Beams  and  Tie-Beams.  A  strut-beau  is  a  beam  that  is  subject 
tc^both  a  transverse  and  a  compressive  stress.  A  tie-beam  is  one  that  is  subject 
to  direct  tension  in  addition  to  the  transverse  stress.  To  find  the  strength  of 
either,  first  find  the  size  of  a  beam  required  to  resist  the  transverse  stress,  and 
then  the  size  of  a  timber,  of  the  same  depth  as  the  beam,  to  resist  the  direct 
tension  or  compression,  and  add  the  two  breadths  together. 

Bnmple  4.  A  spruce  tie-beam,  10  ft  long  between  joints,  sustains  a  ceiling- 
lood  of  a  000  lb  and  a  direct  tensile  stress  of  40  000  lb.  What  should  be  the 
dimensions  of  the  beam? 

Solution.  As  a  ceiling-load  is  uniformly  distributed,  the  size  of  the  beam  is 
determined  by  Formula  (11),  page  630.    Assuming  the  depth  to  be  10  in 

zo  X  2  000 

The  breadth  -« .    or    2%  in,  nearly 

2X100X39 

The  resistance  of  spruce  to  tension  (see  Table  XVI,  page  647)  is  800  lb  per  . 
sq  in.  40  000/800  ->  50  sq  in,  which  is  equivalent  to  a  5  by  xo-in  section.  It  will 
require,  therefore,  a  beam  7^  by  xo  in  in  cross-section  to  resist  both  the  trans- 
verse stress  and  the  direct  tension.  If  the  tie-beam  is  cut  m  any  way  so  as  to 
reduce  the  section,  except  over  a  support,  the  dimensions  must  be  increased 
accordingly. 

Bzample  5.  A  strut-beam  of  white  pine,  10  ft  long,  supports  a  distributed 
roof-load  of  6  000  lb,  and  is  also  subject  to  a  direct  compression  of  64  000  lb. 
What  should  be  the  size  of  the  beam? 

Soltttioa.  Assuming  14  in  for  the  depth,  the  breadth  for  the  transverse  load 
is  found  by  Formula  (zi),  page  630 

10X6000 

The  breadth  - «  3.9  in,  nearly 

2X196X39 

Using  Formula  (4),  page  450,  from  which  is  computed  Table  IV,  page  452, 
giving  the  safe  bads  for  white*pine  posts,  it  is  found  that  a  7^^  by  14-in  post, 
xo  ft  long  will  safely  carry  the  compressive  stress,  64  000  lb.  Hence  it  will  re- 
quire a  7V1  by  14-in  beam  to  resist  the  compressive  stress,  and  a  4  by  x4-in 
beam  to  resist  the  transverse  load.  The  beam,  therefore,  should  be  x  a  by  14 
in  in  cross-section  to  resist  them  both. 

I.  Relative  Strengths  of  Beams 

Relative  Strengths  of  Rectangular  Beams.  From  an  inspection  of  the 
foregoing  formulas  it  is  found  that  the  relative  strengths  of  beams  of  rec> 
tangiilar  cTOSS-sections,  for  the  different  cases  is  as  shown  in  Table  V. 

Strengths  of  Beams  of  Any  Constant  Cross-Section.  The  strength- 
ratios  given  in  Table  V  are  true  for  beams  of  any  constant  cross-section  of 
whatever  form. 

Be«m  on  Bdge.  When  a  beam  of  square  cross-section  is  supported  on  its 
edge,  that  is,  when  one  of  its  diagonals  is  vertical,  it  will  bear  about  seven-tenths 
as  great  a  breaking-load  as  it  will  when  it  is  supported  on  one  side. 
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Table  V.    Rdative  Strengtlis  of  R«ct«iicular  BeamB 


Kind  of  load 

Position  of  load 

Strength  ratios 

Beam  supported  at  both  ends 

Uniformly  distributed 
Concentrated 
Concentrated 
Concentrated 
Concentrated 
Concentrated 
Concentrated 
Concentrated 
•    Concentrated 
Concentrated 

Over  entire  span 
At  middle  of  span 
At  one-third  the  span 
At  one-fourth  the  span 
At  one-fifth  the  span 
At  one-sixth  the  span 
At  one-seventh  the  span 
At  one-eighth  the  span 
At  one-mnth  the  span 
At  one-tenth  the  span 

X 

H 
Mo 
H 

Mo 
*«■ 

«Ms 

Beam  fixed  < 

sit  one  end,  or  cantilever  beams 

Uniformly  distributed 
Concentrated 

Over  entire  span 
At  the  free  end 

H 
H 

Beam  supported  s 

it  one  end  and  fixed  at  the  other  end 

Uniformly  distributed 
Concentrated 

Over  entire  span 

Near  the  middle  of  span 

•        X 

»f4s 

Beam  fixed  at  both  ends 

Uniformly  distributed 
Concentrated 

Over  entire  span 
At  middle  of  span 

'                1 

The  Strongest  Beam  Cot  From  a  Cylindrical  Log  is  one  in  which  the 
breadth  is  to  the  depth  as  5  is  to  7,  very  nearly,  and  the  dimensions  of  such  a  beam 
can  be  found  graphically,  as  shown  in  Fig.  13.  Any  diagonal,  as  ab,  is  drawn 
and  divided  into  three  equal  parts  by  the  points  c  and 
^^  d;  from  these  points  lines  perpendicular  to  ab  are  drawn, 

and  the  points  e  and  /  connected  with  a  and  b,  as 
shown. 

Cylindiical  Beama.  A  cylimdrical  beam  is  only 
ten-seventeenths  as  strong  as  a  beam  with  a  square 
cross-section,  the  side  of  the  square  being  equal  to  the 
diameter  of  the  circular  section  of  the  cylindrical  beam. 
Hence,  to  find  the  safe  load  for  a  cylindrical  beam,  first 
,  ^  ,     o     •       find  the  proper  load  for  the  corresponding  square- 

cuf ^'^g'     ""  '»*^"  ^""^^  "^  ^^^'^  ^*»«  *^  ^y ' -^ 

The  Bearing  of  the  Ends  of  a  Beam  on  a  wall 
besrand  a  certain  distance  does  not  strengthen  the  beam.  In  general,  a  beam 
should  have  a  bearing  of  4  in,  or  if  it  is  very  long,  6  in. 

The  Weight  of  the  Beam  Itself.  The  formulas  given  for  the  strength  of 
beams  do  not  take  into  account  the  WEIOHT  op  the  beams  tremsst.vbs,  and 
hence  the  safe  loads  of  the  formulas  inclu<le  both  the  external  loads  and  the 
weights  of  the  material  in  the  beams.    In  small  wooden  beams,  the  weight  of 
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each  beam  is  generally  so  small,  comi)ared  with  the  external  load,  that  it  need 
not  be  taken  into  account.  But  for  larger  wooden  beams,  and  for  metal  and 
stone  beams,  the  weight  of  the  beam  should  be  subtracted  from  the  safe  load 
if  the  load  is  distributed;  and  if  the  load  is  applied  at  the  middle,  one-half  the 
weight  of  the  beam  should  be  subtracted. 

The  Weight  of  Timber.  The  weight  per  cubic  foot  for  different  kinds  of 
timber  may  be  found  in  the  table  in  Part  III,  pages  14x5  to  1422,  giving  the 
Weights  of  Various  Substances. 


7.  Tables  for  Strength  and  StiffnoM  of  Wooden  Beams 

Tables  Vn  to  XV  for  the  Strength  and  Stiffness  of  Wooden  Beams 
are  given  on  pages  638  to  646,  for  beams  one  inch  in  breadth.  To  find  the 
strength  for  any  other  breadth,  multiply  the  proper  tabular  value  by  the  breadth 
of  the  beam  in  inches.  To  obtain  the  required  breadth  for  any  load,  divide  the 
given  k)ad  in  pounds  by  the  proper  tabular  value.  In  heading  the  tables,  prom- 
inence has  been  given  to  the  values  used  for  S,  and  the  corresponding  values 
of  A,  so  that  those  who  prefer  to  use  for  any  wood  a  value  diflferent  from  that 
recoDunended,  need  only  to  look  up  the  table  based  on  the  value  they  desire 
to  employ.  For  certain  cases  and  in  some  dties,  the  building  laws  specify  x  300. 
1  SCO  and  x  800  pounds  as  values  of  5  to  be  used  for  long-leaf  yellow  pine; 
hence  Tables  XUl,  XIV  and  XV,  based  on  these  values,  are  added. 

Since  timber  is  very  weak  in  shearing  in  comparison  with  its  strength  in 
TENSION  and  compression,  the  safe  load  a  beam  of  short  span  can  carry  b 
governed,  not  by  its  resistance  to  cross-breaking,  but  by  its  resistance  to 
shearing  along  the  neutral  surface.  Wooden  beams  and  joists,  therefore, 
should  be  dimensioned  to  safely  withstand  this  shearing  action.  The  ratio 
of  the  SHEARING  to  the  FLEXURAL  STRENGTH  is  not  exactly  the  same  for  different 
kinds  of  wood,  but  for  practical  use  and  in  the  tables  it  has  been  assumed  to 
be  one-twelfth  of  the  working  unit  fiber-strbss.  As  it  can  be  shown  *  that 
the  ratio  of  the  span  to  the  depth  of  a  rectangular  beam,  uniformly  loaded, 
L^  directly  proportional  to  its  cross-breaking  stre.ss  and  shearing  working 
stress,  the  tabular  loads  are  figured  for  the  permissible  unit  fiber-stress, 
where  the  length  of  the  span  is  twelve  or  more  times  the  depth  of  the  beam; 
while  for  shorter  lengths,  the  tabular  loads  are  governed  by  the  shear.  To 
determine  the  safe  load  on  beams  for  a  deflection  not  exceeding  ^^eo  of  the 
span,  tabular  values  have  been  placed  directly  underneath  the  safe  loads  for 
strength.  These  values  are  based  on  the  modulus  of  elasticity,  £,  given  in 
the  tables. 

The  formula  for  flexure  used  in  determining  the  safe  uniformly  distributed 
loads  in  the  tables  is  (see  Formulas  (i),  page  333  and  (2)',  page  557) 

„     SI     5W»     m 

c         6         8 

Hence  W  ■■  — —,  in  which  /  is  the  span  in  inches 

The  FORMULA  FOR  SHEAR  IS 

4bdS, 


W"- 


*  Materials  of  ConstntctioD,  J.  B.  Johnson,  p«ge  55. 
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The  FORMULA  FOR  DEFLECTION  is  (scc,  also,  FormuUs  (i)  to  (17)  and  Table  I, 
Chapter  XVIII) 

^  -  :: zin  which  /  is  the  span  in  feet; 

8100 /> 
Af  -  maximum  bending  moment  in  inch-pounds; 
/  "■  moment  of  inertia  of  the  cross-section  of  the  beam  in  biquadratic 
inches; 
c  a  dji  B  one-half  the  depth  of  the  beam  in  inches; 

Sljc  -  resisting  moment  of  the  cross-section  in  inch-pounds; 
W  »  total  safe  load  in  pounds,  uniformly  distributed; 
6  «  breadth  of  the  beam  in  inches; 
d  B  depth  of  the  beam  in  inches; 

/  -  span,  in  feet  or  inches,  as  noted  for  the  different  formulas; 
5  «  unit  flezural  fiber-stress  in  pounds  per  square  inch; 
5«  -5/12  -  horizontal  imit  shearing-stress,  in  pounds  per  square  inch,  along  the 
neutral  surface; 
E  B  modulus  of  elasticity  in  pounds  per  square  inch. 

Bzample  6.  What  is  the  safe,  imiformly  distributed  load,  corresponding  to 
a  fiber-stress  of  i  200  lb  per  sq  in,  for  an  S  by  14-in  long-leaf  yellow-pine  beam, 
supported  at  both  ends,  and  having  a  24-ft  dear  span? 

Solution.  From  Table  XII,  the  load  for  a  i-in  thickness  is  t  090  lb.  Hence, 
I  090  X  8  «  8  720  lb,  the  total  load  for  the  beam.  If  the  deflection  of  this  beam 
should  not  be  more  than  ^^eo  of  the  span,  the  safe  load  for  a  i-in  thickness 
should  not  exceed  882  lb.  Hence,  882  X  8  «  7  056  lb,  is  the  maximum  toad 
to  be  used  in  this  case. 

Example  7.  What  should  be  the  size  of  a  Douglas-fir  beam  required  to  carry 
a  distributed  load  of  6  400  lb  over  a  clear  span  of  18  ft? 

Solution.  From  Table  X,  it  is  found  that  a  beam  1 2  in  deep  and  i  in  thick, 
and  with  an  i8-ft  span,  will  support  711  lb.  Dividing  the  load,  6400  lb,  by 
711,  the  result  is  9  for  the  breadth  of  the  beam  in  inches.  Hence  the  beam 
should  be  9  by  12  in,  to  carry  a  distributed  load  of  6  400  lb  over  a  span  o( 
18  ft.  As  the  deflection-load  of  593  lb  can  be  increased  6o%'for  Douglas  fir, 
the  beam  is  safe  for  deflection;  if,  however,  cypress  is  used,  593  must  be  taken 
in  place  of  711,  to  determine  the  breadth  of  the  beam.  This  would  result  in  a 
beam  n  by  12  in. 

Different  Positions  of  Loads.  To  find  the  safe  load,  concentrated  at  the 
middle  of  the  span  of  a  given  beam,  find  the  safe  distributed  load,  as  in  Example 
6,  and  divide  this  load  by  2.  To  find  the  safe  load  concentrated  at  some 
point  other  than  the  middle  of  the  span,  find  the  safe  distributed  load  for  the 
given  span,  and  divide  this  load  by  the  proper  factor  taken  from  Table  IV, 
page  632.  To  find  the  size  of  a  beam  to  support  a  given  concentrated  load, 
multiply  the  given  load  by  the  factor  corresponding  to  the  position  of  the  bad, 
as  given  in  Table  IV,  and  then  proceed  as  in  Example  7. 

Use  of  Formulas.  If  in  doubt  as  to  the  application  of  the  tables,  in  special 
cases,  use  one  of  the  formulas,  from  (4)  to  (16),  applying  to  the  case.  The 
formulas  and  tables  should  always  give  the  same  result. 

Ifominsl  amd  Actual  Sizes  of  Beams.  The  tables  may  be  used  for  beams 
the  dimensions  of  which  are  less  than  the  nominal  ddcensions.  Dressed 
beams,  and,  in  many  localities,  floor-joists  carried  in  stock,  are  more  or  less 
scant  of  the  nominal  dimensions,  and  for  such  beams  and  joists  a  reduction  in 
the  safe  load  must  be  made  to  correspond  with  the  reduction  in  size.    The 
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D&ESSED  SIZES  are  generally  M  in  scant,  up  to  4  in  in  breadth,  above  which  they 
are  ^  in  scant;  while  in  depth  they  are  all  generally  V^  in  less  than  the  nominal 
size.  The  safe  loads  may  be  obtained  by  multipl3ring  the  safe  loads  for  the 
corresponding  nominal  sizes,  as  given  in  Tables  VII  to  XV,  by  the  factors  given 
in  the  following  table. 

Table  VI.    Coftvarsion  Factors  for  Actual  Sizes  of  Wooden  Beams 


Cross^ections 

Cross^ectiona 

of  beams  in 

Factors 

of  beams  in 

Factors 

inches 

inches 

iWxsH 

1.47 

iHXiiH 

1.61 

2HX5H 

a. 31 

mxiiH 

2. S3 

1HX6H 

LSI 

l?iXl3H 

1.63 

aHx6W 

2.S1 

2HxiiH 

2.S6 

■  1^4  X7H 

1.54 

iHxisV^ 

X.6S 

2HX7V4 

2.42 

mxisH 

2.58 

iHxgH 

1.S8 

mxt7Vi 

1.6s 

294  X9W 

2.48 

2HXI7H 

2.60 

Bnmple  8.  What  is  the  safe  load  for  3.  2%  by  13%-in  spruce  beam,  with 
an  i8-ft  ^Mui? 

Solution.  From  Table  VIII,  the  safe  load  for  a  i  by  14-in  beam  is  847  lb. 
Multiplying  this  by  2.56,  we  have  2  178  lb  as  the  safe  distributed  load  for  a 
beam  2%  by  13V&  in  in  cross-section.  For  a  full  3  by  14-in  cross-section,  the 
safe  load  would  be  3  541  lb. 

Stone  Beams.  The  above  formulas  may  be  used  for  rectangular  stone 
beams  when  the  proper  coefficients,  recommended  in  Table  III,  page  628,  are 
inserted.  Sandstone  beams  should  never  be  subjected  to  any  heavy  loads  and 
sandstone  lintels  should  be  relieved  by  steel  beams  or  by  brick  arches  over  them 
or  back  of  them. 

Concrete  Beams  are  generally  reinforced  with  steel  rods,  but  when  used 
without  reinforcement,  the  coefficient,  A,  given  in  Table  III,  is  recommended. 
Use  of  Tables  VII  to  XV.  The  safe  loads  given  in  Tables  VII  to  XV 
are  correct  for  the  fiber-stresses  indicated;  but  for  greater  convenience  in  using 
the  tables,  each  figure  in  the  units-place  of  each  value  may  be  made  a  cipher, 
and  each  figure  in  the  tens-place  may  be  increased  by  one  when  the  unit-figure 
b  six  or  greater.    Thus,  505  woukl  be  500,  506  would  be  5x0^  etc. 
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638        Strength  of  Cast-iron  Linteb  and  Wooden  Beams    Chap.  16 

TaMo  Vn.    Safe  Diatribnted  Loads  in  Pottnds  for  RoctancoUr  Wooden  Beams 

Recommended  for  Hemlock.    Marimnm  Fiber-Stress,  S  -•  600  lb 

per  sq  in.    B  "  900  000  lb  per  sq  in.    M  -  33 


Span 
in 
feet 


9 
10 


la 

13 
14 

IS 
16 

17 
18 


aa 

33 
24 
35 
a6 

a? 

26 
29 

30 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 


343 

300 

266 
340 
240 
318 
199 
aoo 
166 
18S 
143 
171 
laa 
160 
107 
150 
94 


1  z\ 


533 

S33 


474 
427 

388 

356 

338 

30s 
391 
385 
253 

367 

222 

35t 

197 
337 
17s 
225 

IS7  , 
213  I 
143 


666 

666 
666 
666 
666 


60s 
555 

S13 


417 

392  \ 
384  ) 
371  ( 
343  i 
351  ) 
30B  J 
333 
277 
317 
2S2 
303 
229 
290 

211 
278 
193 


800 
800 
800 
800 
800 


738 
686 
640 
600 

565 
534 

SOS 

480 
480 
46a 
43S 
436 
397 
417 
363 
400 
334 
384 
306 
369 
264 
356 
264 
343 
245 


x6 


933 
933 
933 
933 

XO66 
1066 

1066 
1066 

933 

X066 

933 

X066 

933 

X066 

933 

1066 

933 

1066 

871 

1066 

817 

1066 

762 
726 

688 
653 
623 
594 
568 

545  ) 

529  I 

523  I 

488  ) 

503  } 

452  J 

482 

418 

467 

389 

451 

353 

436 

339 


1003 
94« 
898 
854 
813 
776 
742 
712 
683 

657 

633 
62s 
609 
582 
589 
542 
569 
S05 


I  200 
xaoo 
I  200 

X  200 

X  aoo 
xaoo 
xaoo 
X  200 
X  aoo 
X  aoo 

1300 

laoo 


1: 


X  137 
1060 
I  029 

9»2 

939 
900 
864 
831 
800 
772 

745 

720  \ 

720  (  , 


The  loads  above  the  heavy  black  sigzag  lines  are  calculated  for  resistance  to  shear. 
Where  two  loads  are  given,  the  upper  load  is  calculated  for  strength  and  the  lower 
load  for  a  deflection  not  to  exceed  yUo  of  the  span. 
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Table  Vm.    Safe  Distributed  Loads  in  Pounds  for  Rectancnlar  Wooden  Beami 
Recommended  for  White  Pine,  Spruce  end  Bsstem  Fir.    Maxfanom  Fiber- 
Stress,  S  ■>  700  lb  per  sq  in.    £*  »  x  000  000  lb  per  sq  in.    i4  >-  39 


Span 
in 
feet 


7 
8 

9 
10 

II 

13 
13 
14 
15 

x6 

17 
18 


ax 

33 
23 
24 

as 
a6 

37 

as 

30 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 


_46£. 


400 
3SO 
3" 

{  t) 

{ ^] 

{    216 

\     158 

{aoo 
136 
(  x87 
(  119 
J  I7S 
(   104 


632 
633 

da3 


553 

497 

453 


383 
374 
356 
323 
332 
381 
3U 
247 

293 
319 
376 
19s 
36a 
175 


777 
777 
777 
777 
777 


707 
648 

598 
556 

518 

486 
483 
458 
437 
433 
38x 
410 
342 
389 
308 
370 
380 
354 
25s 
338 
234 
334 
215 


933 
933 
933 
933 
933 

933 
933 


861 


747 
700 

660 
633 

590 
560 
534 
534 
484 
509 
441 
487 
403 
468 
371 
448 
342 
430 
316 
415 
293 
400 
373 


14 


X069 

1089 
XC69 
1  089 
I  069 

1089 

1089 

ic89 

1089 


16  ' 


1  016 
95a 

897 
847 
803 
763 
736 

692 

663    ) 

641    S 

635    \ 

588    ] 

610    ) 

542    \ 

586 

502 

56s 

465 

544 

432 

526 

403 

508 

377 


l»44 

1344 
1344 

1244 

1344 

1244 

1244 

1244 

1244 

1244 

I  244 


I  172 
I  107 
I  048 

996 

948 

906 

866 

830 

796 

766    ) 
750    J 
738    ) 
695    / 
711    ) 
646    ] 
687 
603 
664 
562 


*  For  first-daas,  dry  spruce  and  Eastern  fir,  JS  —  x  200  000  could  safely  be  used,  making 
the  safe  deflection-loads  those  ifivea  in  Table  XI.     See,  also,  foot-note  with  Table  VII. 
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Table  IS.    Sitfe  Distriboted  Loads  in  Pounds  for  Roctucalar  Woodoa  BooLms 

Recommeiidod  for  California  Red  Wood  and  Cedar.    MsTinmm  Fiber- 

Streas,  S  «  750  lb  per  sq  in.    i5  -  700  000  lb  per  sq  in.    A  -  4i'7 


The  first  horixontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 


.J22- 


{  ill 


43d 
382 

{  ^} 

(  333 

I  at3i 

I  300 

I  187 

(  274 

I  155 

I  250 

(  130 

(  231 

\  no 

(  214 
\       95 


667 
667 


592  I 

547  } 

533  \ 

443  / 

48S 
366 
445 
307 
410 
a6a 
38a 

236 

356 

197 
333 
173 


833 
833 
833 
833 
833 


757 
714 
641 
600 

641 
5x2 
595 
441 
5S6 
384 
521 
337 
491 
299 
463 
267 

439 
240 


14 


I  000 
I  000 


I  OQO 

X  000 
I  000 


923  ) 

885  ) 

857  \ 

763  I 
800 
665 

750 
584 
706 
SI8 

667 
462 

632 
414 
600 
374 
572 
339 
547 
309 
522 
282 
500 
260 
480 
239 
463 
221 
444 
205 

428 
190 


1 167 
X 167 
1 167 

1 167 
X  167 
1 167 
1 167 
1 167 
1 167 


1088  ) 
X060  f 

1030  1 
929  I 
961 
822 

9«« 

733 

860 

658 

8x6 

594 

778 

526 

742 

49X 

7x0 

448 

68x 

412 

653 

380 

6a8 

3SX 

60s 

326 

583 

203 
I  563 
I  282 

I  364 


16 


X333 
X333 
1333 
X333 
1333 

1333 
1333 
X333 
1333 
X333 
1333 


X254 
1223 
X184 
I  090 

I  X22 

982 
XO66 

886 
I  0x6 
803 
970 
732 
928 
670 
890 
6x6 
854 
567 
821 
525 
791 
487 
762 
452 
736 

42X 

712 

303 


18 


X500 
X  500 

X500 

1500 
1500 

X50O'   I 

I 
X500  '  I 

1500   I 
I  500 

X5<» 
X500 

X500 
X500 


142X 
X396 
1350 
I  258 
1386 
X144 

1227 

I  042 

1x74 

954 

X  las 
876 

1080 
808 

X038 
747 

1000 
692 
9^ 
644 
93X 
600 
900 
560 


See  foot-noU  with  Table  VU. 
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Tftbl«  Z.    Safe  Distrilnitad  Loads  in  Povndt  (or  Ractangnlar  Woodan  Beams 

Rftcwmmfrndsd  for  Dooflas  Fir,  Norway  Pine,  Cypress  and  Chestnut. 
Mazinmm  Fiber-Stress,  5- 800  lb  per  sq  in.    J3 -•900000  lb  per  sq  in.    i4<-44 


Span 
in 
feet 

The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  (or  beams  one  inch  wide  and  supported  at  both  ends 

6 

8 

xo 

12 

14 

x6 

18 

6 

7 
8 

9 
xo 

XI 
X2 

13 
14 

15 
16 

X7 
X8 

19 
20 

21 
22 
23 
24 

2S 

533 

711 
7" 
7" 

889 
889 
889 

889 
889 

1066 
X066 
X066 

X066 

1066 

ig66 

1244 
1244 
1244 

1244 

1244    . 

1244 

1244 

1244 

1244 

1422 

1422 
X422 

1422 

1422 

X422 

1422 

1422 

1422 

142a 

X422 

x6oo 
X  600 

X  600 

x6oo 
x6oo 

x6oo 
x6oo 
X  600 
I  600 
x6oo 
x6oo 
1600 
x6c» 

{ 

{ 

{ 

457 
400' J 
375   J 
356   J 
296) 
320 
240 

291 
199 
267 
x66 

246 
142 
229 
12a 

214 
107 
200 
94 

632 

569   ] 
569  i 
517   \ 
470  i 
474    J 

438 
337 
407 
291 
379 
253 
356 
223 

(     335 
i      197 
1      316 
I      175 
J     300 
I      157 
j      284 
\      142 

809 

742 

684  1 

658   ( 

63s    \ 

567   ) 

593 

494 

556 

432 

524 

384 

494 

343 

468 

308 

445 

277 
1     423 
\     252 

404 
\      229 
{     387 
\     2IX 
j     371 
\      193 

985 
914 

854    J 

854    f 

800    ) 

750    } 

754    \ 

66s    J 

711 

593 

674 

532 

640 

480 

609 

435 

582 

397 

557 

363 

534 

334 
{     512 
1     308 
1     492 
\     284 
(     474 
1     264 
i     457 
\     245 

X  161 
X0B9 

X025 
968    } 
914    / 

917    ) 

846   J 

871 

752 

830 

692 

792 

630 

758 

577 

726 

529 

697 

488 

670 

452 

646 

418 

622 

389 
(    60X 
1     353 
j    58X 
\     339 

1339 

xa64 

1198 

1138    ) 
1 138    ] 
1084    1 
1032    ) 
1035    1 

941    ) 

990 

860 

949 

790 

91X 

728 

876 

675 
,843 

625 

813 

582 

785 

542 

759 

506 

- 

1517 

1441 

1372 

1309 
1253    1 

1225     } 

I  200     \ 
XI26     } 
1152     \ 

1C07    } 
I X06   ) 

960  } 

X068  ) 
890  ( 

1029     ) 

827    ) 
993    ) 
770    ) 
960    i 

720    ) 

j6 

1 

27 

28 
29 

JO 

See.  ah 
6c%;  £Qr 

0*  foot-no4 
Norway  pi 

e  with  Tal 
ne.k%.t< 

k)leVn.    F 
>  the  above 

or  safe  del! 
'  values. 

ection-load 

s,  for  Doufi 

{las  fir.  add 
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Table  XL    a«fa  Distribittod  Loads  la  Pouiula  for  Reelugiilar  Wooden  Bo 
tecommended  for  Short-Leof  Tellow  Pine.    Mudnwn  Fiber-Strew,  S  ■■ 
lb  per  sq  in.    fi  «  x  aoo  ooo  lb  per  sq  in.    A  •  55*6 


Span 


The  first  horizontal  line  gives  the  depth  of  the  beam  in  inches 
The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 


667 


il  Z\ 


39s 
400 
3ao 

364 
a6s 
333 

223 

308 
190 
286 
163 
2«7 
143 
250 
X2S 


889 
889 
889 


790 
711 
647 

6a8 
593 
527 
547 
449 
508 
306 

474 
337 
445 
296 

419 

263 
395 
234 
374 

310 

3S6 
190 


10 


I  III 
I  III 

X  III 

I  III 
I  III 


13 


I  010 
926 

855 

794 
757 

741 
659 
695 
578 

654 
51a 
618 
457 
585 
410 
556 
370 
528 
336 
SOS 
306 
483 
381 
463 
258 


1  333 
1333 
1333 

X333 

1333 

1333 

X333 


X  23X 

1143 

I  067 
I  000 

X  000 

942 

886 
890 
790 

843 

710 

800 

641 

762 

S8i 

727 

529 

696 

484 

667 

445 

[  640 

I  410 

[  615 

I  380 

f  593 

i  352 

(  572 

1  327 


14 


1556 
1556 
1556 

1556 

1556 

X556 

X5S6 

1556 

1556 


1452 
X36x 
laSx 

13X0 
I  146 

I  ia6 
10B8 
1016 
1037 
922 
990 
841 
947 
770 
908 
706 
87X 
650 
838 
603 
807 
558 
778 
5X8 
751 
484 
726 
45a 


16 


778 

778 
778 

778 

778 

778 

778 

778 

778 

778 

778 


674 
581 

498 
423 

355 

293 
254 
237 
147 
186 
0S3 
138 
972 
094 
900 
OSA 
834 
0x6 
776 
982 
72s 
949 
674 


See  foot-note  with  Table  VII. 


18 


3000 

acoo 

3000 


3000 
3000 

3000 
3000 

2000 
3000 
3000 
3000 
3000 


1895 
1800 
X7I4 

x636 

i^ 

X  500 
X500 
X440 
X384 
X3IS 
X360 
X334 
xx86 
xaB6 
X  XQ3 
X  341 
1037 
I  300 
960 
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TftMe  xn.    Safe  Distrilmtad  Loads  in  PooiMta  for  Rfletanctilar  Woodaa  Baaas 

Reeommaoded  for  White  Oak  add  Long-Laaf  YeUow  Pine.*    Maihnnm  Fiber- 

Streas,  S-  z  aoo  lb  per  aq  in.    i9>-  x  500  000  lb  per  aq  in.    A  ^66.7 


Spaa 
in 
feet 


9 

10 


13 
14 
IS 
16 

17 
18 

19 

90 

n 

23 
23 
24 

as 
a6 

a? 
as 
39 
30 


The  first  horiaontal  litie  gives  the  depth  of  the  beam  in  inches 
The  loads  ate  for  beams  one  inch  wide  and  supported  at  both  ends 


800 


686 
600 

533  ) 

495  I 

480  J 

400  I 

437} 

33a   ) 

400 

278 

369 

247 

343 

204 

320 

179 

300 

I5S 


X067 
1067 
1067 


949 
8S4 

776 

7X1 
658 

656 
56X 
6x0 
485 

569 
422 
533 
371 
V» 
329 
474 
293 
449 
263 
426 
237 


10 


1333 
1333 
1333 

X333 
1333 


I  213 


I  026 

953 
946 
890 
824 
834 
724 

78s 
642 
741 
57a 
702 
513 
666 
462 
634 
420 
606 
383 
579 
351 
556 
322 


12 


1600 
1600 
x6oo 

I  600 
x6oo 
z6oo 
1600 


1477 

X371 

xaSo 

1200 

1130 

X  loB 

I  067 

990 

I  0x0 
886 
960 
803 

9X4 

736 

872 

662 

835 

605 

800 

557 

[  768 

i  S13 

I  738 

i  473 

I  711 

I  440 

;  686 

:  410 


14 


X867 
1867 
1867 

X867 
X867 
1867 
1867 
X867 
1867 


X74X 


X633 


X4S2 

I  375 

1306 
X  372 
X245 

1 154 

X  188 
I  051 
I  136 
962 
X  090 

882 

X04S 

813 

X006 

753 

969 

698 

933 

648 

[  902 

\    605 

[  871 

I  566 


2X33 
2X33 
2x33 

2x33 
2133 
2133 
2133 
2x33 
2x33 
2x33 
2x33 


18 


3009 
X898 

X795 
X706 
z6a6 

XS52 
X484 

X435 
X423. 
X318 
X366 

X2X5 

X3X3 

X  125 

x«26s 
X043 

X3l8 

970 

X  178 

903 

1 138 

843 


2400 
2400 
2400 

2  400 
2400 

2400 
2400 

2400 
2400 
2400 
2400 
2400 
2400 


2274 
2160 

1968 

Z878 

x8oo 

X738  \ 

nri  t 

X662  ) 

XS96  f 

x6oo  I 

1480  I 

1543  I 

1377  J 

X489  I 

X384  } 

X440  » 

X  200  I 


*  For  safe  loads  for  fiber-stresses  of  1300,  X500  and  1800  lb  per  sq^  in,  see  Tables 
Xni»  XIV  and  XV.  respectively.    See.  also,  foot-note  with  Tkble^ 
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T«bl«  ZUL    Stfe  DistrUmted  Loads  in  Pomuls  for  BoctingMlsr  Woodoa  Beamj 
MtTinwin  Fiber-Stroas,  5*  x  300  lb  par  sq  in.    A  «  71,2 


The  ant  horizontal:  Une  gives  Ihe  depth  o{  the  beam  in  inches 

Span 
in 
feet 

The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 

6 

8 

10 

12 

X4 

x6 

x8 

6 

7 

867 

IISS 
IISS 

1444 
1444 

1733 
1733 

2022 

2022 

2  311 

2  3XX 

2600 

743 

2600 

8 
9 

650 
S67 

llSS 

1444 
1444 

1733 
X733 

2  022 
2022 

2311 
2  311 

2600 

I  027 

2600 

10 
II 

520 
473 

840 

1444 

1733 
1733 

2  022 
2  022 

a3Xi 

23x1 

2600 

1 311 

2600 

12 
13 

433 
400 

770 
711 

1200 
I  III 

1733 

2022 
2022 

23IX 
23x1 

2600 

1600 

2600 

14 

IS 

371 
347 

660 
616 

XQ32 

9ei3 

i486 
1387 

2  022 

23XX 
23IX 

2600 

X887 

2600 

x6 

17 

325 

578 

S44 

903 
849 

1300 
1224 

1770 
1664 

23x1 

2600 

2175 

2600 

IS 
19 

5x4 

487 

802 

760 

1 156 
X09S 

157a 
1490 

2QS4 
1946 

2600 

2463 

ao 

462 

722 

X040 

I4IS 

1849 

2340 

21 

688 

990 

X348 

176X 

2229 

22 

657 

945 

1266 

I66x 

2x27 

23 

628 

904 

X230 

1606 

203s 

24 

602 

867 

1x79 

X54I 

1950 

25 

832 

1x32 

X479 

1872 

26 

800 

1068 

X422 

1800 

27 

770 

1048 

1369 

1733 

28 

743 

XOIX 

1321 

X  671 

29 

976 

1275 

I  614 

30 

i      ^ 

1232 

IS60 

Loads  above  the  heavy,  black  zigzag  lines  are  calculated  for  resistance  to  shear. 
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Table  XIV.    Safe  Diatriboted  Loada  in  Pounda  for  Rectangular  Wooden  Beama 
,  Fiber-Streea,  S"-  x  soo  lb  per  14  in.    A^  9}^ 


The  first  horisontal  line  gives  the  depth  of  the  beam  in  inches 

Span 
in 
feet 

The  k)ads  are  for  beams  one 

inch  wide  and  supported  at  both  ends 

, 

6 

8 

xo 

la 

X4 

x6 

18 

6 

1000 

X333 
X333 

x«7 
i»7 

aooo 

aooo 

3333 
3333 

3667 
3667 

3000 
3000 

7 

8S7 

8 

9 

7SO 
667 

1333 

i»7 
i»7 

3000 

aooo 

2333 
3333 

3667 
3667 

3000 
3000 

I  X85 

10 
IX 

600 

548 

IC67 
970 

Ifi67 

3000 

aooo 

3333 
2333 

3667 
36O7 

3000 
3000 

ISXS 

12 
X3 

SOO 

46a 

890 
8ao 

1390 
xaSa 

aooo 

3333 
3333 

3667 
3667 

3000 
3000 

1846 

X4 
XS 

4^8 

764 

71a 

1x90 
iixa 

X7I4 
x6oo 

2333 

3667 

3667 

3000 
3000 

3X78 

x6 

X7 

M7 

xo4a 
98a 

iSoo 
X4xa 

304a 
1974 

3667 

3000 
3000 

3510 

18 

19 

878 

X334 

xafi4 

X8X5 
17*) 

3  370 

3346 

3000 

3843 

30 

1300 

163a 

3133 

3700 

at 

XI44 

1556 

3033 

2571 

22 

XO94 

1484 

X940 

3  455 

23 

1044 

1430 

I8s6 

3348 

14 

xooo 

1363 

X780 

3  350 

as 

960 

X306 

X708 

3  160 

a6 

936 

X3S6 

1643 

3076 

V 

888 

X3X0 

XS83 

3000 

aS 

8s6 

I  166 

xsa4 

1930 

29 

1X36 

X473 

1863 

30 

1088 

X42a 

1800 

Loads  above  the  heavy,  black  dgzag  lines  are  calculated  for  resistance  to  shear. 
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Table  ZV.    Safe  IMatributed  Loada  in  Pomida  for  Rectangular  Wooden  Beams 
Mazimiiini  Fiber-Streai,  S«-  i  800  lb  per  aq  in.    A**  100 


The  first  horizontal  line  gives  the  depth  oC  the  beam  in  inches 

Span 
in 
feet 

The  loads  are  for  beams  one  inch  wide  and  supported  at  both  ends 

6 

8 

10 

12 

14 

x6 

x8 

6 
7 

laoo 

x6oo 
x6oo 

2000 

2000 

2400 
2400 

2800 
2800 

3aoo 
3aoo 

3600 
3600 

I  030 

8 
9 

900 
800 

i6co 

2000 

aooo 

2400 

2400 

2800 
2800 

3200 

3300 

3600 
,    3600 

I4aa 

10 

XI 

7ao 
6S5 

laSo 
iid4 

2000 

2400 
2400 

aSoo 

2800 

3300 

3200 

3600 
3600 

x8i8 

la 
13 

600 
554 

X067 
98s 

1667 
IS39 

2400 

2800 

2800 

3200 

3200 

3600 
3600 

2215 

14 
-IS 

514 

480 

914 
853 

X4a8 
1333 

a  057 
1920 

2800 

3300 

3300 

3600 
3600 

2613 

16 
17 

4SO 

800 
753 

I  250 
I  X76 

x8oo 
1694 

2450 

2306 

3200 

3600 
3600 

3012 

x6 
19 

7x1 

674 

I  XII 
1053 

1600 
I  5x6 

2178 

2063 

2844 
269s 

3600 

341X 

ao 

640 

X  000 

1440 

1960 

2560 

3240 

ax 

I  371 

X867 

2438 

3086 

22 

1309 

X  782 

3327 

3945 

23 

X2S2 

X704 

2226 

38x7 

34 

xaoo 

1633 

3X33 

2700 

as 

XIS2 

1568 

2048 

2593 

a6 

1 108 

1508 

1969 

3493 

V 

X  067 

i4Sa 

1896 

2400 

aB 

1039 

X400 

1829 

23x4 

a9 

i3Sa 

1766 

333S 

30 

1307 

1707 

2  160 

Loads  above  the  heavy,  black  agiag  lines  are  calculated  for  resistanoe  to  shear. 
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8.  Working  Unit  Stresses  for  Woods 

Safe  Working  TTnit  Stresses  for  different  woods  are  given  in  Table  XVI. 
They  are  compiled  and  adapted  largely  from  recommended  unit  stresses 
adopted  by  the  Association  of  Railway  Superintendents  of  Bridges  and  Build- 
ings and  by  the  American  Railway  Engineering  Association.  (See,  also,  Table  I, 
page  449.) 

Table  ZVI.    Safe  Woiking  *  Unit  Stresses  for  Different  Woods,  in  Pooads 
per  Square  Inch 


Kind  of  wood 

Tension 

Compression 

Bending  t 

Shearing  t 

With 
tlie 
grain 

Across 
the 
grain 

With  the 
grain 

Across 
the 
grain 

Ex- 
treme 
fiber, 
stress 

Modu< 
lusof 

elasti- 
city. 

E/ioao 

With 
the 
grain 

Across 
the 
grain 

End- 
bear- 
ing 

Col- 
umns § 
under 

IS 
diams 

Factor  of  safety 

Ten 

Ten 

Five 

Five 

Four 

Six 

One 

Four 

Pour 

Whit«soak 

t  White  pine 

Loa84eaf 
yellow  pine.. 

£>ouclasflr.... 

Short-leaf  yel- 
low pine 

Red  pine  and 
Norway  pine 

Spruce      and 
eastern  fir... 

Hemlock 

Cypress 

I  900 

700 

1200 
800 

900 

800 

800 
600 
600 
700 

850 
700 

300 

SO 

60 
50 

so 

50 

1400 

I  100 

1400 

X200 

1 100 

1000 

I  aoo 
I  100 

1000 

X  100 
900 

1000 
800 

1000 
900 

800 

7S0 

900 
800 
750 
750 
800 

800 

500 
200 

350 
aoo 

250 

aoo 

aoo 
150 
200 
200 
250 

150 

I  200 
700 

1200 
8co 

1000 

800 

700 
600 
800 
700 
800 

750 

I  500 
I  coo 

1500 
X500 

I  200 

X  100 

I  200 
900 
900 
700 

xoco 

700 

200 
xoo 

ISO 
130 

130 

125 

100 
100 

125 

100 
ISO 

75 

1000 
500 

I  250 
900 

xooo 

7SO 

750 
600 

400 
500 

Chestnut 

CaUfomiaied 

*  The  average  ultimate  breaking  unit  stresses  may  be  obtained  by  multiplying 
the  working  unit  stresses  by  the  factors  of  safety  at  the  top  of  the  table<K>lumns. 

t  See.  also.  Table  I,  page  557. 

i  These  and  some  other  stresses  in  the  table  are  higher  than  those  of  the  building 
laws  of  many  cities,  larger  factors  of  safety  being  used  in  those  cities. 

%  The  larger  end-bearing  stresses  are  frequently  used  for  short  coluiAns  and  for 
cdumn-formtilas.    (See  Table  I,  page  1x38.)    Lower  factors  of  safety  will  give  higher 

••  Workiiig  Unit  StrosMS  for  Woods.    Taken  from  Building  Laws 

The  Allowable  Working  Unit*  Stresses  for  different  woods,  taken  from 
the  building  laws  of  four  cities,  are  given  in  Table  XVII.  The  unit  stresses 
sre  for  ienbion,  coicpk£ssion»  bending  and  sheak. 
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TaUe  ZVn.    Woridnc  Unit  StreMes  for  Woods,  in  Pounds  per  Square  Inch 


Kind  of  stress 

Kind  of  wood 

^ew 
York* 

Chicago 

Baltimore! 

Boston  11 

Tension  .....< 

Yellow  pinet. 
White  pine... 

Sprucet 

Hemlock 

Chestnut 

Oak 

X200 

800 
800 
6oo 

1000 

1300 
800 
800 
600 

I  SooLLYP 

1000 

1200 

800 

1200 

ISOO 

Locust. 

loooSLYP 

laooVP 

Compression 
with  the     ' 
grain 

YeUow  pinet. 
White  pine. . . 

Sprucet 

Hemlock 

Chestnut 

Oak 

xooo 
800 
800 
500 
soo 
900 

I  aoo 

I  no 

700 
700 

soo 

loooLLVP 
800 
800 
600 

900 

xpco 

1200 

SooNCorYP 

Locust 

SooSLYPff 

Compression 
across  the     • 
grain 

Yellow  pinet. 
White  pine... 

Sprucet 

Hemlock 

Chestnut 

Oak 

600 
400 
400 
500 

1000 
800 

1000 

2SO 
200 
aoo 
ISO 

600LLYP 
400 
400 
soo 

soo 
aso 
aso 

"'600 

ISOO 
1000 
1000 

SOO 

600 

1000 

4ooNCorVP 

Locust 

2SoSLYP|| 

Transverse 
bending 

Yellow  pinet. 
White  pine. . . 

Sprucet 

Hemlock 

Chestnut 

Oak 

I  200 
800 
800 
600 
800 

I  000 

I  300 

1300 
800 
800 
600 

1  SooLLYP 
1000 
13SO 
1000 

I  200 

iSOO 

I  000 

Locust 

I owSLYPfl 

130 
80 
80 
60 

looLLYP 
8s 
90 
75 

Shear  with 
the  grain 

YeUow  pinet. 
White  pine... 

Sprucet 

Hemlock 

Chestnut 

Oak 

70 
40 
50 
40 

100 
100 

100 
1 

200 

100 

ISO 

Locust 

»a*/     1 

120SLYPU 

90VP 

' 

Shear  across 
the  grain 

Yellow  pinet. 
White  pine... 

Sprucet 

Hemlock 

Chestnut 

Oak 

500 

SOOLLYP 
350 
350 
350 

ISO 

720 

250 

3ao 
27s 
ISO 
600 

Locust 

720 

400VP 

*  Stresses  named  by  N.  Y.,  Cincinnati.  Dist.  of  Columbia  and  Bd  of  Fire  Under- 
writers about  the  same.  Exceptions:  Dist.  of  Columbia  omits  hemlock,  omits  chest- 
nut in  shear  across  grain  and  puts  spruce  and  Virginia  {une  under  one  caption;  Cincin- 
nati makes  caption  of  white  pine  and  sprtice.  with  N.  Y.  white-pine  values,  and  gives  270 
for  hemlock,  for  shcaracross  grain,  t  Chicago,  "Douglas  fir  and  bng-leaf  yellow  pine." 
t  Chicago,  no  values  for  spruce;  spruce-values  apply  to  Norway  pine.  II  Chicago,  values 
given  for  short-leaf  yellow  pine,  SL  YP.  ft  Baltimore,  LL  YP  is  long-leaf  ycUow  pine;  NO 
or  VP,N.  Can^ixut  or  Virginia  pine.  H  Boston,  yellow  pine  is,"  yellow  pine  (long-lesf).!! 
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It.  Ultamate  Unit  StresMS  for  Woods 

Tho  ATortge  Ultiiiuito  Unit  Streuos  for  the  coniferous  or  softwoods 
aad  for  the  bkoad-ixaved  or  hardwoods,  together  with  the  average  weights 
of  the  woods  per  cubic  foot  are  given  in  Tables  XVIII  and  XIX.  The  values 
given  are  compiled  from  many  tests  on  numerous  spedes  of  timber.  In  regard 
to  the  range  of  values  for  the  same  kind  of  wood,  it  may  be  stated  that  the 
higher  values  are  for  specimens  which  contained  a  percentage  of  water  varying 
from  15  to  20%;  and  that  tests  on  Uboratory  specimens  showed  greater  strength 
than  the  actual  pieces  used  in  construction.  The  weights  per  cxtbic  foot  are 
averages  of  the  weights  of  many  specimens  tested  and  agree  generally  with 
average  values  given  in  other  tables  of  weights  of  materials. 
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TaUa  ZVm.*    Attngp  Oltinuite  Unit  Streiset  for  th«  Coniferous 
or  Softwoods,  in  Pounds  per  Sqosre  Inch 


Weight 

Compression 

Bend- 
ing 

Sh 

ear 

Kind  of  wood 

in  lb 
percu 
ft.dry 

Tension 

With 
the 
grain 

Across 

the 
grain 

(mod- 
ulus of 
nip. 
ture) 

With 
the 
grain 

Across 
the     , 
grain   > 

Cedar  (white) 

19.72 

8000 

4  000 

700 

5000 

400 

1300 

to 

to 

to 

to 

20.70 

11  400 

6000 

1S19  ! 

Cedar  (red) 

33.66 

8  000 

4000 

700 

5  000 

1500 

to 
7000 

Cypress 

39.80 

4  000 

4000 

700 

5  000 

500 

to 

to 

to 

to 

6000 

8000 

800 

II  700 

Hemlock 

26.4a 
to 

6000 
to 

4  000 
to 

600 

to 

3500 

350 

3500 

to 

32.39 

8700 

7430 

700 

3750 

Pine  (white) 

35.55 

3000 

3000 

700 

4000 

335 

3480 

to 

to 

to 

to 

to 

Pine  (red).  (Norway 

13  000 

6650 

I  000 

10  000 

433 

pioc) 

30.35 

5  000 

6  000 

800 

5  000 

500 

to 

to 

to 

to 

Pine  (yellow),  (long- 

13000 

8000 

I  000 

13  300 

leaf)  

43.63 

6000 
to 

5000 
to 

1000 

to 

7000 
to 

300 
to 

434c 

to 

Pine  (ydlow).  (short- 

13000 

9500 

I  400 

14300 

700 

Soco 

leaf) 

38.40 

5000 

4000 

900 

6000 

400 

4000 

to 

to 

to 

to 

to 

to 

Douglas  fir  (Oregon 

10  000 

9000 

I  000 

13400 

700 

5000 

pine) 

33.14 

9000 
to 

4880 

800 

6500 

500 

to 

to 

to 

to 

14000 

9800 

I  300 

13  100 

600 

Redwood  (Califomia) 

26.33 

7000 
to 

10853 

3000 
to 
4000 

800 

4500 

400 

Spruce  (black) 

3S.S7 

5000 

4000 

700 

4000 

350 

33S5 

to 

to 

to 

to 

19  500 

7850 

13  000 

400 

Spruce  (white) 

35.35 

5000 

4000 

700 

4000 

350 

jaSS 

to 

to 

to 

to 

19500 

7850 

13  000 

400 

The  higher  values  of  tensile  and  compressive  strengths  are  for  "  dry  '*  or  **  s**- 
timber  containing  from  10  to  15%  of  water.    For  safe  flber-stre«es  for 
flexure,  see  Table  I,  pe«e  SS7.  ^  j 
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Table  XIX.* 


▲▼erage  Ultiauite  Unit  Streuet  for  the  Broad-Leaved  or 
Hardwoods,  in  Pounds  per  Square  Inch 


Kind*  of  wood 


Weight 
in  lb 
percu 
ft,  dry 


Tension 


Compression 


With 

the 
grain 


ACBOSS 

the 
grain 


Bend- 
ing 
(mod- 
ulus of 
rup- 
ture) 


Shear 


With 
the 
grain 


Ash  (white) 

Ash  (red) 

Ash  (green) 

Chestnut 

Elm  (white) 

Gtun 

Hickory 

Locust 

Lignum>vitc 

Maple  (hard) 

Maple  (white) 

Mahogany  (Central 
America) 

Oak  (white) 

Oak  (chestnut) 

Oak  (live) 

Oak  (fed  and  black) 

Poplar  (whitewood) 


Walnut  (white)  (but- 
ternut)  


Walnut  (black). 


40.77 


3B.96 

44-35 


41.00 
45.26 
36.83 


46.16 
to 

52.17 
45. 70 


77.12 
43.08 


32.84 


46.3s 


53  63 
59.21, 
40.75 


30.00 

25.46 
38.11 


II  000 

to 
17000 


9000 

to 
13000 
8000 

to 
13000 
15000 

to 
18000 
12800 

to 
18000 
10500 

to 
24800 
II  000 

8000 

to 
10  000 
8000 

to 
10  000 

23PO 

to 

.17960 

10  000 
to 

19500 

10  000 
13000 

10  000 


7  000 


4000 

to 

9000 

6800 

8000 
to 

9800 
5000 


6000 
to 

10  000 

5600 

to 

8500 
7000 

to 

10  000 

7000 
to 

11  700 

8800 

7000 
to 

9940 

6000 
to 

7500 

6000 


4  500 

to 
II  300 
7SOO 
9000 
4000 

to 

8500 
4000 

to 

5700 

5000 
to 

6800 
7500 


1900 


I  700 


900 


3700 
to 
3200 


1700 
to 
I  900 


ajoo 


6300 
to 

14  200 

5  100 

to 

16000 

5000 


7300 

to 
13600 
6000 

to 
12700 

5400 

to 

24300 


10800 
6000 


9  100 
to 

15400 


450 

to 

I  100 
I  000 


600 
800 

800 


I  000 

to 

I  300 


399 
to 
537 


750 
to 
I  000 


*  The  higher  values  of  the  tensile  and  compressive  strengths  are  for  "  dry  "  o 
"  seasoned  *'  timber  containing  from  10  to  15%  of  water.  For  safe  fiber-stresses  fo 
flexure,  see  Table  I.  page  557. 
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CHAPTER  XVn 

STRENGTH   OF   BUILT-UP,   FLITCHED    AND   TRUSSED 
WOODEN  GIRDERS 

By 
F.  H.  KINDL 

CORRESPONDING  MEMBER  AMERICAN  INSTITUTE  07  ARCHITECTS 

1.  Built-Up  Wooden  Girders 

Built-np  Wooden  Beams.  Wooden  beams  or  girders  built  up  of  planks, 
spiked  or  bolted  together  side  by  side,  will  generally  be  somewhat  stronger 
than  solid  girders  of  the  same  dimensions,  because  the  planks  will  be  better 
seasoned  and  freer  from  check -cracks  and  other  defects.  For  beams  or  girders 
I o  in  or  less  in  depth,  spikes  will  usually  be  sufficient  to  bind  the  planks  togetber; 
but  for  deeper  beams,  bolts  should  be  used  in  addition  to  the  spikes,  to  prevent 
the  planks  from  separating  and  the  outer  planks  from  warping  or  curling  away 
from  the  others. 

Bolts.  Two  bolts  should  be  placed  at  each  end  of  the  beam  and  every  four 
feet  of  its  length. 

Lengths  of  Planks.  When  a  beam  is  built  up  in  this  way  each  plank 
should  extend  the  full  length  of  the  beam.  In  a  continuous  beam,  the  planks 
should  break  joints  over  the  supports.  The  planks  of  built-up  beams  should 
always  be  set  on  edge,  never  flatwise. 

Compound  Wooden  Beams.  It  is  sometimes  necessary  to  use  a  wooden 
beam  for  a  longer  span  or  greater  load  than  is  safe  for  the  deepest  single  beam 
that  can  be  obtained,  or  for  a  beam  built  up  of  planks.  In  such  cases  coMPOimD 
WOODEN  beams  may  be  used. 

Definition.  By  a  compound  wooden  beam  or  girder  is  meant  a  beani 
built  up  by  placing  two  or  more  single  beams  over  another  one,  w^ith  the  view 

of  having  them  act  as  a 

SINGLE  beam  having  the 

depth  of  the  combined 

beams. 

Strength    of    Com- 

^^ii     pound  Beams.    If  two 

Fig.  1.    Two  Sunple  Wooden  Beams,  One  Over  the  Other,    lo  by  lo-in  beams  were 

Loaded  in  Middle  placed  one  on  top  of  the 

other,  and  the  upper  one 
loaded  at  the  middle,  the  beams  would  act  as  two  separate  beams  (Fig.  1)  and 
their  combined  strength  would  be  no  greater  than  if  the  two  beams  were  placed 
side  by  side.  If,  however,  the  two  beams  can  be  joined  so  that  the  fibers  of 
the  lower  beam  will  be  extended  as  much  as  would  be  the  case  in  a  single 
beam  of  the  same  depth,  or,  in  other  words  so  that  the  two  beams  will  not 
slip  on  each  other,  the  compound  beam  will  have  four  times  the  strength  of 
the  SINGLE  beam. 

Tests  of  Compound  Beams.  Various  attempts  have  been  made  to  join 
beams  thus  placed  so  as  to  prevent  the  two  parts  slippiog^n  each  other,  and 
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during  the  years  1896-71  £d«ar  Kidwell.  of  the  Michigan  College  of  Mines, 
made  an  extended  series  of  tests  of  the  efficiency  of  compound  beams  of  differ- 
ent patterns.  From  these  tests  much  valuable  data  was  obtained.  A  fuH 
description  of  the  tests,  accompanied  by  the  conclusions  of  the  author,  and  the 
rules  and  data  for  proportioning  the  bolts  and  keys,  of  keyed  beams,  is  pub- 
lished in  the  Trans.  Am.  Soc.  M.  £.,  vol.  27. 

Simple  Form  of  Compound  Beam.  A  form  of  compound  beam,  some- 
times  used  in  American  building-construction,  is  shown  in  Fig.  2,  diagonal 
boards  in  opposite  directions  being  nailed  to  each  side  of  the  two  timbers  to 
prevent  their  slipping  on  each  other.  T.  M.  Clark,  in  his  Building  Superin- 
tendence, advocates  this  as  one  of  the  best  forms  of  compound  beams,  and 


Fig.  2.    Simple  Form  of  Compound  Wooden  Beam 

places  its  efficiency  at  about  95%  of  that  of  a  solid  beam  of  the  same  depth. 
Professor  Kidwell  made  nine  tests  of  this  type  of  beam.  In  six  of  the  beams 
the  ratio  of  span  to  depth  was  as  12  to  i,  and  in  three  of  the  beams,  as  24  to  i. 
The  shorter  beams  gave  an  average  efficiency,  without  much  variation,  of 
71.4%,  and  the  longer  beams  an  efficiency  of  80.7%. 

It  was  found  that  the  beams  failed  by  the  splitting  of  the  diagonal  pieces  or 
the  drawing  of  the  nails;  ''in  every  case,  long  before  the  beam  broke,  the  struts 
split  oi)en  or  the  nails  were  partly  drawn  out  or  bent  over  in  the  wood,  thereby 
permitting  the  component  beams  to  slide  on  each  other. "  When  built  with 
diagonal  boards,  x^  in  thick,  nailed  with  tenpenny  nails,  as  in  Fig.  2,  the 
woKKiNG  STRENGTH  of  such  a  beam  may  be  taken  at  65%  of  the  strength  of 
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Fig.  3.    Compound  Keyed  and  Bolted  Wooden  Beams 

a  solid  beam  of  the  same  depth  and  of  a  breadth  equal  to  the  breadth  of  the 
timbers.  The  deflection  of  the  beam,  however,  will  be  about  double  that  of 
a  solid  beam  of  the  same  size,  and  on  that  accoimt  this  type  of  beam  is  not 
to  be  recommended  for  supporting  floors  with  plastered  ceilings  or  for  carrying 
plastered  partitions. 

Keyed  Beams.  Professor  Kidwell  tested,  also,  several  types  of  keyed 
beams,  and  found  that  a  compound  beam  keyed  and  bolted  together,  as  shown 
in  Fig.  3,  is  the  most  efficient  form  that  it  is  practical  to  buUd.    ^ 
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It  was  found  that  with  oak  keys  it  was  possible  to  obtain  an  efficiency  for 
spruce  beams  of  95%,  while  the  deflection  varied  from  30  to  25%  more  than 
would  be  expected  in  a  solid  beam. 

Cast-iron  Keys.  By  using  cast-iron  keys  the  deflection  was  found  to  be 
but  little,  if  any,  greater  than  for  a  solid  beam. 

Shape  of  Keys.  The  keys  must  be  wedge-shaped,  as  shown  in  Fig.  4,  so 
that  they  can  be  driven  tightly  against  the  end-wood. 

Efficiency  of  Keyed  Beams.  Professor  Kidwell  recommends  that  for 
ordinary  purposes  an  efficiency  of  75%  be  allowed  when  oak  keys  are  used 
and  of  80%  when  the  keys  are  of  cast  iron.  The  width  of  an  oak  key  should 
be  twice  its  height.  Numerous  small  keys  closely  spaced  gave  better  results 
than  fewer  large  keys.  In  his  report.  Professor  Kidwell  gives  fonnulas,  also, 
for  the  number  and  spacing  of  the  keys. 

Keys,  Bolts  and  Washers  for  Compound  Beams.  As  compound  beams, 
when  used,  are  generally  built  up  of  8,  10,  12  or  14-in  timbers,  Mr.  Kidder, 
some  years  ago,  prepared  a  table  giving  the  sizes  of  keys,  the  number  required 
on  each  side  of  the  middle  of  the  span,  their  minimum  spacing  and  the  sizes  of 
the  bolts  and  washers  to  be  used  for  such  beams  of  from  ao  to  36-ft  s[>ans. 
He  noted  that  the  maximum  safe  loads  for  such  beams  should  be  75%  of  the 
loads  computed  by  Formula  (10),  page  630,  for  a  beam  supported  at  both  ends, 
and  loaded  with  a  uniformly  distributed  load. 


Table  I.    Keys,  Bolto  and  Washers  for  Compound,  Keyed  Wooden  Beams 


Siseof 
beams 


Size  of  keys 


BolU 


Washers 


Number  of  keys  each  side 
of  center  line 


White 
pine 


Spruce 


I>oag- 
las 
fir 


Long- 
leaf 

yellow 
jnne 


x5-in  beams 
ao-in  beams 
a4-in  beams 
38-in  beams 


iV4by3    -in  oak  keys    H-in 
iVi  by  3    -in  oak  keys    %-in 

2     by  4    -in  oak  keys|  H-in 
aM  by  4VHn  oak  keysi  li-in 


3  -in 
3  -in 
3V4-in 

3H-in 


8 
II 
9 

10 


XI 

13 
la 

la 


za 
15 

14 


Size  of  keys 


iHby3  -In  oak  keys 
a  by  4  'in  oak  keys 
a^  by  4^i4n  oak  keys 


Bolts 


f4-in 
7/i-in 
7/i-in 


Washers 


3-m 
3-in 
3-in 


Minimum  spacing  of  keys 


iiH-in 
15  -in 
17    -in 


iiM-in 
15  -in 
17    -in 


9  -in 
XTH4n 
13    -in 


9    -in  I 
13    -in  I 


The  Breadth  or  Thickness  of  Compound  Beams  should  be  not  less  than 
two-fifths  of  the  depth. 

The  Number  of  Keys  required  is  not  affected  by  the  length  or  breadth  of 
the  beam,  if  the  beam  is  figured  for  the  full  safe  load. 

In  Spacing  the  Keys  (Figs.  3  and  4)  they  should  not  be  closer  than  the 
minimum  spacing  given  in  Table  I.    For  beams  loaded  at  the  middle,  the  spac- 
ing of  the  keys  should  be  uniform  from  A"  to  Y,  Fig.  3,  Y  being  one-eighth  the 
span  from  the  center  line.    If  the  distance  between  the  km»  center  to  oca- 
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ter,  ivorks  out  less  than  the  minimum  spacing,  the  safe  load  should  be  cor- 
respoiKilngly  reduced  or  the  thickness  of  the  beam  increased. 

For  Beams  Unifonnly  Loaded,  the  first  four  or  five  keys  from  the  end 
should  be  sptaoed  for  minimum  spacing,  and  the  spacing  of  the  remaining  keys 
increased  toward  the  point  Y,  When  the  ratio  of  depth  to  span  is  greater  than 
I  to  X 6,  the  inner  key  may  be  a  little  more  than  one-eighth  the  span  from  the 
center  line,  for  distributed  loads.  Fig.  3  shows  the  proper  spacing  for  a  20-in 
spruce  beam  of  38-ft  span  and  for  a  long-leaf  yellow  pine  beam  of  30-f t  span; 
and  the  tabulation  below  gives  the  proper  spacing  of  keys  lor  spruce  beams  of 


A  ELEVATION  OF  2o"BEAM 


^^^J'WmST 


B  PLAN  OF  U'^X  24" SPRUCE  BEAM-S6'  SPAN 
Fig.  4.    Details  of  Keyed  and  Bolted  Wooden  Beam 

longer  spans,  figured  from  the  end  of  the  beam  in  each  case.  For  other  woods 
and  spans  the  spacing  should  be  made  as  near  like  these  as  the  fixed  condi- 
tions will  permit.  Four  examples  of  spacing  are  given  below.  The  sizes  of 
bolts  and  washers  to  be  used  are  given  in  Table  I.  If  the  beam  is  not  over 
10  in  wide,  the  bolts  may  be  arranged  as  for  the  spruce  beam  (Fig.  3);  if  12  in 
wide  or  over,  the  bolts  should  be  staggered  as  shown  for  the  hard-pine  beam. 
In  a  very  wide  beam  the  bolts  might  be  spaced  as  in  detail  B,  Fig.  4. 

Spacing  of  keys  in  inches  for  spruce  beams,  conimencing  at  end,  for  imiformly 
distributed  loads: 

i6-in  spruce  beam,  32-ft  span,  10,  12,      12, 

ao-in  spruce  beam,  32-ft  span,  xo,  xxH.  iiHf 

24-in  spruce  beam,  36-ft  span,  13,  15,      15, 

2S-in  spruce  beam,  36-ft  span,  15,  x7,      17, 


16,      i9»  24, 32 
iiMt,  12, 12,  X2,  X3,  x5, 18,  24 
IS,      15,16,18,20,30 
I7»      17,  I7»  17, 17,  i7»  17 


2.  Flitched  Beams  or  Flitch-Plate  Girders 

Flitch-Plate  Beams  (Fig.  5)  were  at  one  time  much  used,  but  with  the 
present  prices  of  steel  it  is  cheaper  and  better  to  use  steel  beams. 

The  following  explanation  and  formulas  are  given,  however,  for  the  benefit 
of  those  who  might  have  occasion  to  use  a  beam  of  this  kind.  It  has  been 
foood  b  practice  that  the  thickness  of  the  wood  should  be  sixteen  times  the 
thifknfw  of  the  steel.    As  the  steel  is  so  much  suffer  than  the  wood,  we  must 
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proportioD  the  load  on  the  wood  so  that  the  latter  will  bend  as  much  as  th 
steel  plate  bends:  otherwise  the  whole  load  might  be  thrown  on  the  steel  plaU 
The  MODULUS  OF  elasticity  of  steel  is  about  twenty  times  that  of  lons>ied 
yellow  pine;  so  that  a  beam  of  this  wood,  i  in  wide,  will  bend  twenty  tlmd 

as  much  as  a  plate  of  steel  of  the  sao^ 
•TBBi.  PLATE ^ ^^       sj^^  jujjj  mjjjer  the  same  load.    Hence 

if  we  want  this  beam  to  bend  just  a, 

much  as  the  steel  plate,  we  must   pui 
Fig.  5.    Flitch-platc  Girder  ^^y  one-twentieth  the  load  on  it.      I 

the  wooden  beam  is  sixteen  times  sl 
thick  as  the  steel  plate,  we  should  put  sixteen-twentieths  of  its  safe  load  on  it 
or,  what  amounts  to  the  same  thing,  use  a  constant  only  four-fifths  of  th< 
strength  of  the  wood. 

Formulas  for  Flitch-Plate  Girders.  On  this  basis  the  following  formulae 
have  been  derived  for  the  strength  of  flffch-plate  girders,  in  which  the  thick- 
ness of  the  wood  is  sixteen  times  the  breadth  of  the  steel,  approximately: 

Let  d  *  depth  of  beam  in  inches 

b  *  total  thickness  of  wood  in  inches 
/  a  clear  span  in  feet 
/ «  thickness  of  steel  plate  hi  inches 
C  53.6  for  long-leaf  yellow  pine 
^' «  <  35.2  for  Douglas  fir 

(31  for  spruce 
P  »  total  load  at  middle  in  pounds 
W «-  distributed  load  in  pounds 

Then,  for  beams  supported  at  both  ends, 

Safe  load  at  middle  in  pounds «  -  {A'b  +8890  (i) 

Safe  distributed  load  in  pounds  ^  -  -  {A'b -{- SSg 0  (2) 


For  distributed  load. 

V  2  A'b-\- i77&i 

(3) 

For  load  at  middle. 

d^\/'' 

(4) 

The  bolts  should  be  %,  in  in  diameter,  and  spaced  2  ft  on  centers.  Each 
end  should  have  two  bolts,  as  in  Fig.  5. 

Example.  What  is  the  safe  load,  uniformly  distributed,  for  a  girder  composed 
of  three  4  by  14-in  DougUs-fir  timbers  and  two  %  by  14-in  flitch-plates,  with  a 
span  of  25  ft? 

Solution.    By  Formula  (2), 

Safe  load  -  ^^^  (35.2  X 12  -|-  889  X  %)  -  17  078  lb 

25 

3.  Trussed  Beams  and  Girders 

Use  of  Trussed  Beams  and  Girders.  Whenever  we  wish  to  support  a 
floor  upon  girders  having  a  span  of  more  than  30  ft,  we  must  use  a  trussed 
cntDES,  a  riveted  sxeel-flate  girder,  or  two  or  more  steel  beams.    Under 
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some  circumstances  and  in  some  parts  of  the  country  it  may  be  cheaper  or 
mofe  convenient  to  use  a  large  wooden  girder,  and  truss  it,  as  in  Figs.  6,  7,  8  or  9. 

Depth  of  Troaaed  Girder.  For  all  these  forms  it  is  desirable  to  give  the 
girders  as  much  depth  as  the  conditions  allow;  as,  the  deeper  the  girder,  the 
smaller  the  stresses  in  the  pieces. 

In  the  Single-Strut  Trussed  Girder,  we  either  have  two  beams,  and  one 
rod  which  runs  up  between  them  at  the  ends,  or  three  beams,  and  two  rods 
running  up  between  the  beams  in  the  same  way.  The  beams  should  be  in  one 
continuous  length  for  the  whole  span,  if  they  can  be  obtained  in  that  length. 
The^  requisite  dimensions  of  the  tie-rod,  struts  and  beams,  in  any  given  case, 
must  be  determined  by  fiist  finding  the  stresses  developed  in  these  pieces,  and 
then  the  areas  of  cross-sections  required  to  resist  these  stresses. 

For  a  Single-Strut  Truss  (Fig.  6),  the  stresses  in  the  pieces  may  be  deter- 
mined by  the  following  formulas: 

Foe  a  Distrilmted  Load  W  Over  the  Whole  Girder  (Fig.  •) 


^"-^^^  B        X  ^      B    ,^^ 
u, — -^«B=. e?^ — ^^-  p| 


Fig.  6.    Trussed  Wooden  Girder.    One  Vertical  Stmt 

r^      .      .    ^  W       length  of  r  * 

Tension  mT  -  —  X  ,      ,.     ,  ^  (s) 

3        length  of  C 

Compression  in  C  -  %  W.    (See  Note.)  (6) 

.       .     „      W       length  oiB  ,  , 

Compression  m-iP=  —  X,-     7" Tr^  (7) 

2  length  of  C 

Hote.    When  the  beam  fi  is  in  one  piece,  the  full  length  of  span.    If  B  is 
jointed  over  the  strut  then  compression  in  C  or  tension  m  R  »  Mt  W. 

iv  a  Concentrated  Load  P  Over  C  (Fig.  6) 

«,      .      .    ^  P     length  of  r  ,„, 

Tension  mT        -  -  X ,      ,,     ,^  (8) 

3  length  of  C 

Compression  in  C «-  P 

.     .    ^     P     length  of  5  .  , 

Compression  in  B  -  -  X  ,-  -  ,.     ,  ^  (9) 

3     length  of  C 

For  a  Girder  Trussed  as  in  (Fig.  7),  Under  a  Distributed  Load  W  Over  the 
Whole  Girder 

.      .    ^       W      length  of  5  ,    , 

Compression  m  5  -    —  X  ^ — _.     .    ■  (lo) 

a        length  of  R 

Tension  in  iS         -  %  YT.    (See  Note.) 

^     .      .     „  W       length  of  B  ,    , 

Tension  mS        -   —  X  .    ^.     .  p  (n) 

3        length  of  R 

Rote.    When  the  beam  B  is  in  one  piece,  the  full  length  of  span.    If  B  is 
jointed  over  the  strut  then  compression  in  C  or.  tension  in  R  -Vi  W, 
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For  a  Concentnted  LMd,  P  at  the  Middle  (Fig.  7) 


Fig.  7.    Trossed  Wooden  Girder.    One  Vertkal  Tie 

.      .    ^     P     length  of  5 
Compression  in  o  *  -  X 


Tension  in  R 
Tension  in  B 


2  length  of  R 
P 

P  length  of  B 

2  length  of  i^ 


(12) 


(13) 


For  a  I>oabl»-Stret  Trussed  Beam  (Fig.  8)  with  a  Distributed  Load  W  Over 
the  Whole  Girder  (Beam  B  Divided  into  Three  Bqual  Spans) 


5s; 


\i 


^^^^ 


^k 


Fig.  8.    TruMed  Wooden  Girder.    Two  Vertical  StruU 
Tension  in  T 


W  length  of  T 
3  length  of  C 
W 


Compression  in  C  » 

.      .     „  .      .    ^     W     length  of  B 

Compression  m  B  or  tension  inD**  —  X , 1 — 7-7^ 

3      length  of  C 

For  a  Concentrated  Load  P  Orer  Bach  of  the  Struts  C  (Fig.  8) 

,  length  of  T 


Tension  in  T 


■PX 


length  6f  C 


Compression  in  C  »  P 


Compression  in  B  or  tension  in  D^ Px 


length  of  B 
length  of  C 


• 


(14) 


(-5) 


(16) 


(17) 


For  a  Girder  Trussed  as  in  Fig.  9,  and  Under  a  Distributed  Load  W  Over 
the  Whole  Girder  (Beam  B  Divided  into  Three  Equal  Spans) 

.      .    ^      W     length  of  5 

Compression  m  5  -  —  X  , .     .  „  (i8) 

3      length  of  R 

Tension  m  R        «  — 
3 

a.     .      .    „  '  r.    W     length  of  B  ,    , 

Tension  in  B  or  compression  m  2>  -—  x  . : — r-=  (19) 

3      length  of  Je 
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Wat  Coaeentnitd  Loads  P  AppU«d  at  Joiiili  a  and  3  (Pif  .  9) 
2  8 


fH^,. 


Fig.  9.    IVuased  Wooden  Girder.    Two  Vertical  Ties 

.      .    „      „     length  of  5  ,    ^ 

Tenaon  mR        ^P 

length  of  B 

Tension  in  B  or  compression  in  D  -  P  X  , .     .  „  (ai) 

length  of  R 

Tnisses  constructed  as  shown  in  Figs.  8  and  9  should  be  divided  so  that  the 
rods  R,  or  the  struts  C,  will  divide  the  lengths  of  the  girder  into  three  equal  or 
nearly  equal  parts.  The  lengths  of  the  pieces  T,  C,  B,  J?,  S,  etc.  should  be 
measured  on  the  axial  lines  of  the  pieces.  Thus,  the  length  of  R  should  be 
measured  from  the  center  line  or  axis  of  the  tie-beam  B  to  the  center  line 
OR  axis  of  the  strut  D;  and  the  length  of  C  should  be  measured  from  the  axis 
of  the  rod  to  the  axis  of  the  strut-beam  B. 

After  determining  the  stresses  in  the  pieces  by  these  formulas,  we  may  com- 
pute the  areas  of  the  cross-sections  by  the  following  rules: 

A         t  *•        f       u  -*    *    ^      compression  in  strut  ,    . 

Area  of  cross-section  of  a  short  strut » r (22) 

Sc 

in  which  Se  for  cast  iron  may  he  taken  at  from  13  000  or  14  000  lb  per  sq  in, 
and  for  wood  as  given  in  Table  XVI,  page  647. 

The  size  of  the  long  strut  D  (Fig.  9)  should  be  determined  by  means  of 
Tables  451  and  452  for  wooden  oolunms,  Chapter  XIV. 

The  diameters  of  the  tie-rods  may  be  obtained  from  Table  II,  page  388. 

For  the  beam  B  (Figs.  8  and  9)  when  the  load  is  distributed,  we  must  compute 
its  necessary  area  of  cross-section  as  a  strut  (Fig.  8)  or  a  tie  (Fig.  9),  and  also 
the  area  of  its  cross-section,  as  a  beam,  required  to  support  its  load,  and  use 
a  beam  with  a  section  equal  to  the  sum  of  the  two  sections  thus  obtained. 
Area  of  cross-section  of  B  to  resbt  )      tension       compression 
tension  or  oompressioii  )  ~     .Si  Se 

In  the  trusses  shown  in  Figs.  0  and  7,  with  distributed  loads, 

Breadth  of  B  (as  a  beam)  « — 7  (24) 

In  the  trusses  shown  in  Figs.  8  and  9,  with  distributed  loads, 

Wxl 
Breadth  of  B  (as  a  beam)  -  - — - — j  (25) 

o  X  o*  X  ^ 

(Compare  Equation  (24)  and  (25)  with  Equation  (xi),  page  630.) 

W  denotes  the  total  distributed  load  in  pounds  on  the  girder,  and  /  the  length 
in  feet  of  one  section  of  the  beam.  When  the  loads  are  concentrated  over  the 
struts  C  (Fig.  8)  or  at  the  joints  R  (Fig.  9)  then  there  will  be  no  transverse 
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STKESS  on  the  beams  B,  and  they  need  be  proportioned  for  the  coMPSESsrVE 
or  TENSILE  STRESS,  Only,  as  the  case  may  be. 

In  Formulas  (23),  (24)  and  (25),  for  Sc  and  St,  substitute  the  values  for 
safe  unit  stresses  for  compression,  Table  XVI,  pa^e  647,  and  for  tension.  Table 
II,  page  388,  and  for  A  substitute  the  values  recommended  in  Tables  II  and 
XVI,  pages  628  and  647. 

Illustrative  Examples.  To  illustrate  the  method  of  computing  the  dimen- 
sions of  the  different  parts  of  girders  of  this  kind,  two  examples  are  given. 

Example  x.  It  is  required  to  design  a  trussed  girder  of  the  form  shown  in 
Fig.  6,  for  a  span  of  30  ft.  The  girders  are  to  be  la  ft  on  centers,  and  are  to 
carry  a  floor  loaded  with  xoo  lb  per  sq  ft.  The  girder  consists  of  three  strut- 
beams  B,  side  by  side,  and  two  rods.  We  can  allow  the  rod  T  to  come  two  feet 
below  the  beams  B,  and  we  will  assume  that  the  depth  of  the  beams  B  will 
be  1 2' in;  then  the  length  of  C,  measured  from  the  center  line  of  the  beam,  will 
be  30  in.  The  length  of  £  is  15  ft,  and  by  computation,  or  by  scaling,  we  find 
the  length  of  T  to  be  15  ft  2H  in. 

Solution.    The  total  load  on  the  girder  equals  100  lb  multiplied  by  the  span 

.  multiplied  by  the  distance  of  the  girders  on  centers,  or,  100  X  30  X  i^  -•  36  000  lb. 

From  Formula  (s), 

_      .      .    ^     36000      182^  in  -. 

Tension  m  T  *» X : —  =  100  500  lb 

2  30  m 

or  54  750  lb  on  each  of  the  two  rods.  For  such  a  large  stress  it  is  best  to  upset 
the  ends  of  the  rods,  and  allowing  16  000  lb  per  sq  in  for  steel  rods,  we  find  from 
Table  11,  Chapter  XI,  that  we  must  use  two  2H-in  steel  rods. 

The  strut-beam  we  will  make  of  long-leaf  yellow  pine.  From  Formula  (7)  we 
find  the  compressive  stress  in  B  =  (36  000/2)  X  (180/30)  « 108  000  lb.  As  we  are 
to  use  three  beams  side  by  side,  there  will  be  36  000  lb  compression  in  each  beam. 

To  resist  the  compression  there  is  required  an  area  of  36  ooo/i  000  or  36  sq  in, 
which  is  equal  to  3  by  1 2  in. 

From  Formula  (24)  we  find  the  total  breadth  required  to  resist  the  transverse 

36  000  X  IS  .  ,  .  I        .  1  .    . 

stress —  =  14  m;  or  each  beam  must  be  M  by  12  m  m  section  to 

4X144X67 

resist  the  transverse  stress,  and  3  by  12  in  to  resist  the  compressive  stress. 

Consequently  each  beam  must  be  7 H  by  12  in  in  cross-section. 

As  this  would  make  the  girder  very  wide,  27^4  in,  we  will  use  beams  14  in 
deep,  increasing  the  depth  of  the  girder  i  in,  so  that  the  height  on  centers  will 
still  be  30  in. 

The  area  required  to  resist  the  compressive  stress  will  be  the  same  as  before, 
36  in,  but  as  the  beam  is  14  in  deep  the  breadth  will  be  only  2.57  in. 

36  000  X  IS 

The  total  breadth  to  resist  the  transverse  stress  will  be — --  -  10.28  in, 

4  X  196  X  67 
or  3.43  in  for  each  beam.  The  total  breadth  for  each  beam  will  therefore  be 
6  in.  A  beam  with  a  cross-section  of  6  by  14  in  will  meet  the  requirements. 
The  total  width  of  the  girder  will  then  be  22 H  in.  The  load  on  C-  H  Ff' » 
22  soo  lb,  or  II  2 so  lb  over  each  rod.  The  theoretical  sectional  area  in  square 
inches  necessary  to  resist  this  load  -  11  250/13  000  for  cast  iron  and  11  250/1  000 
for  oak.  As  the  struts  must  be  the  full  width  of  the  girder,  however,  it  will 
be  necessary  to  make  the  sectional  area  much  greater  than  the  theoretical  re- 
quirements. If  made  of  cast  iron  the  strut  should  be  of  the  shape  shown  in 
Fig.  10,  and  if  of  oak,  of  the  shape  shown  in  Fig.  11.  The  cast-iron  strut  will 
be  the  best,  but  an  oak  strut  will  answer. 
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3.  It  is  requized  to  support  a  floor  over  a  lecture-room  40  ft  wide, 
by  means  of  trussed  girders;  and  as  the  room  above  is  to  be  used  for  electrical 
purpo6es»'it  is  desired  to  have  a  truss  with  very  little  iron  in  it.  It  is  decided, 
tfaefcfore*  to  use  a  truss  such  as  is  shown  in  Fig.  9. 

Sohition.  Where  the  girders  rest  on  the  wall,  there  will  be  brick  pilasters 
having  a  projection  of  6  in,  which  will  make  the  span  of  the  truss  39  ft,  and 
the  rods  RR  will  be  placed  so  as  to  divide  the  tie- 
beam  into  three  equal  spans  of  13  ft  each.  The  tie- 
beam  B  will  consist  of  two 

long-leaf  yellow  pine  beams, 

with  the  struts  S   coming 

between    them.    There   are 

two  rods,  instead  of  one,  at 

RR,  coming  down  on  each  side 

of  the  struts  S,  and  passing 

through  iron  castings  bek)w 

the  beams  B,  and  forming 

supports    for    them.     The 

height    of    the    truss   from 

center  to  center  of  timbers 

must  be  limited  to  18  in. 

The  trusses    are    8    ft   on 

centers. 

The  total  floor-area  supported  by  one  girder  is  8  by  39  ft,  or  312  sq  ft.  The 
heaviest  load  to  which  the  floor  will  be  subjected  is  the  weight  of  the  people 
in  the  room,  for  which  75  lb  per  sq  ft  is  an  ample  allowance;  and  the  weight 
of  the  floor  itself  is  about  100  lb  per  sq  ft.  This  makes  the  toUl  weight  liable 
to  cxMne  on  one  girder  31  200  lb. 

Compression  in  5,  from  Formula  (18)  -  —  X  ^7.'°  -  90  700  lb 

3        i8m 


Fig.  10.    Cast-Iron  Strut 
for  Two  Tie-rods 


Fig.  11.    Wooden  Strut  for 
Two  Tie-rods 


Tension  in  one  pair  of  rods 


^  IK 

.  —  s  10  400  lb 


«,     .      .      «  .      .      ^     W     is6m 

Tension  m   B  or  compression  m  Z)  =■  —  X r-  ■•  90  130  lb 

3       18  m 

As  the  unsupported  length  of  D  is  greater  than  that  of  S,  a  beam  that  will 
resist  the  compression  in  D  will  be  ample  for  5.  We  find  from  Table  II,  Chap- 
ter XIV,  that  it  will  reqture  a  post  10  by  12  in  in  cross-section  to  resist  the  com- 
pression in  D,  which  is  13  ft  in  length.  The  tension  in  each  rod  is  only  5  200  lb; 
but  as  the  rods  must  support  a  larger  washer  at  the  bottom,  they  are  made 
I  in  in  diameter,  not  ui>set.  The  tension'  in  each  of  the  beams  B  is  45  065  lb. 
This  divided  by  i  200,  the  safe  unit  tensional  stress  for  long-leaf  yellow  pine 
»  37.6  sq  in,  or  about  2H  by  14  in. 

The  total  breadth  of  the  tie-beam  to  resist  the  transverse  load  is  found  from 
Fonnula  (25).    Assuming  14  in  for  the  depth  of  B 


Breadth  of  B" 


31  200X13 
6X196X67 


'  5.15  in,  or  about  2H  in  for  each  beam 


The  breadth  of  each  tie-beam  must  therefore  be  2%  in 4-  2Vi  in=  sW  in. 
Hence  the  tie-beams  must  be  5  by  14  in  in  section.  The  girder,  therefore,  must 
be  built  with  10  by  14-in  strut-beams  and  two  s  by  14-in  tie-beams,  each  42  ft 
ioog.    The  I -in  rods  may  be  cut  H  in  into  the  strut-beams,  and  \i  in  into  the  tie- 
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beams,  so  that  the  latter  will  come  close  against  the  struts  5.  The  thrust  of 
the  strut  S  is  equal  to  its  compressive  stress,  and  a  connection  between  the  tie- 
beams  and  the  struts  must  be  designed  that  will  resist  this  thrust,  which  in  this 
case  is  90  700  lb.  As  the  inclination  of  the  strut  is  very  slight,  there  is  ample 
room  for  bolts.  It  is  best  to  use  bolts  which  are  at  least  iH  in  in  diameter. 
As  they  are  in  double  shear,  the  resistance  to  shearing  of  one  bolt  is  35  340  lb. 
(See  Table  IX,  page  431)    Steel  bolu  are  used. 

The  bearing  area  of  a  iH-in  bolt  in  a  timber  xo  in  wide  is  15  in.  For  the 
bearing  resistance  of  long-leaf  yellow  pine,  we  may  allow  x  400  lb  per  sq  in 
(Table  XVI,  page  647),  which  will  give  21 000  lb  as  the  bearing  resistance  of 
one  iH-in  steel  bolt.  As  the  force  to  be  resisted  is  90  700  lb,  it  will  require 
five  I  ^-in  steel  bolts  to  sustain  this  bearing  pressure*  the  resistance  to  shearing 
being  greater  than  this  stress. 

The  number  of  bolts  required  to  resist  the  bending  moment  must  now  be 
determined.  The  total  bending  moment  to  be  resisted  (see  page  4341  Chap- 
ter XII)  >  90  7CO  times  the  distance,  in  inches,  between  the  centers  of  the  tie- 
beams  divided  by  12,  or  90700X  ^%s  —  11337s  in-lb. 

From  Table  IX,  page  43  x,  we  find  that  the  maximum  bending  moment, 
at  a  fiber-stress  of  aoooo  lb  per  sq  in,  for  a  iH-in  steel  bolt  is  6  630  in-lb. 
Hence  it  will  require  seventeen  tH-in  bolts  to  resist  the  thrust  in  5  without 
bending  the  bolts.  As  it  is  impracticable  to  put  in  so  many  bolts,  larger  ones 
must  be  used.  For  a  sH-in  steel  bolt,  the  maximum  bending  moment  is 
30700  in-lb  (Table  IX,  page  43i)>  and  four  times  this  is  122800  in-lb; 
hence  four  2H-in  steel  bolts  will  be  sufficient  to  resist  the  bending  stress,  and 
also  the  shearing  and  bearing-stresses.  It  will  be  seen  from  this  example  that 
it  is  much  more  difficult  and  expensive  to  make  satisfactory  end-joints  for 
gihiers  trussed  as  in  Figs.  7  and  9  than  it  is  for  the  single  and  double-strut 
trusses  like  those  shown  in  Figs.  6  and  8.  The  latter  foims  are  to  be  preferred 
when  the  conditions  will  admit  of  their  use. 

These  four  cases  of  trussed  girders  are  but  special  examples  of  trusses. 
The  stresses  in  them  may  also  be  determined  by  the  methods  explained  in 
Chapter  XXVII;  and  where  the  divisions  of  the  girder  caxmot  be  made  uni- 
form, the  stresses  should  be  computed  by  the  general  methods  there  explained. 
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CHAPTER  XVm 

STIFFNESS  Aia>  DEFLECmON  OF  BEAMS 

By 
CHARLES  P.  WARREN 

ASSISTANT  PROFESSOR  07  ASCHITECTUKE,  COLUMBIA  UNIVERSITy 

1.  General  Principles  of  the  Defleetioa  of  Beams* 

Strength  and  Stiffness.  In  many  structures  it  is  necessary  that  beams  and 
girders  shall  be  not  only  strong  enough  but  stiff  enough;  that  is,  not  only 
must  RUPTURE  be  prevented,  but  the  beams  must  not  bend  so  much  as  to  ap- 
pear unsightly,  or  to  crack  the  ceilmg.  Therefore,  in  many  cases,  deflection, 
rather  than  absolute  strength,  may  become  the  governing  consideration  in 
determining  the  size  of  a  beam.  Unfortunately,  there  is  no  method  at  present 
of  combining  the  two  calculations  for  strength  and  for  stiffness  in  one.  A 
beam  properly  proportioned  for  strength  will  not  bend  enough  to  stress  the 
fibers  beyond  the  elastic  limit,  but  it  may  in  some  cases  bend  more  than  a 
due  regaurd  for  appearances  will  justify.  The  distance  that  a  beam  bends 
under  a  given  load  is  called  its  deflection,  and  its  resistance  to  deflection  is 
called  its  stiffness. 

A  Gsnetal  Formula  for  the  Maximum  Deflection  of  any  beam  under  a 
concentrated  or  uniformly  distributed  load  not  stressed  bQrond  the  elastic 
limit  is: 

—  -  ...         load  in  pounds  X  cube  of  span  in  inches  Xe  ,  . 

DeflecUon  m  mches  « — ; 7-1 — — r: r-  (i) 

modulus  of  elastiaty  X  moment  of  mertia 

The  values  of  c  are  as  follows: 

For  beam  supported  at  both  ends,  loaded  at  the  middle 0.021 

For  beam  supported  at  both  ends,  uniformly  loaded 0.013 

For  cantilever  beam,  loaded  at  free  end 0.333 

For  cantilever  beam,  uniformly  loaded o.  125 

Deflection  of  Beam  with  Rectangular  Section.    By  making  the  proper 

substitutions  in  Formula  (i),  the  following  formula  for  a  rectangular  beam 

supported  at  both  ends  and  loaded  at  the  middle  may  be  derived: 

^  ^  ...         load  in  pounds  X  cube  of  span  in  feet  X  1  728         .  . 

Deflection  m  mches  -  ; -rr ; r-; — ; ;; (2) 

4  X  breadth  X  cube  of  depth  X  E 

Modulus  of  Elasticity.  From  this  formula  the  value  of  the  modulus  of 
elasticity,  E,  for  different  materials,  has  been  calculated  by  accurately  measur- 
ing the  actual  deflection  of  known  beams  under  given  loads  applied  at  the 
middle  and  then  substituting  these  known  quantities  in  Formula  (2). 

Simple  Formula  for  Deflection.  Formtila  (2)  may  be  simplified  some- 
what by  representing  1 72S/AE  by  i/F,  which  gives  the  formula 

Wxl^ 
Deflection  in  inches  -  -  ^^^y.  (3) 

For  a  distributed  load  the  deflection  will  be  five-eighths  of  this. 

*  See,  also,  in  Chapter  XVI.  formula  on  page  636  and  Table  XVI.  page  647. 

t  The  oooaUnt  P  corretpoods  to  Hatfield'a  F,  in  his  treatise  on  "TransvexBe  Strains." 
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(4) 


To  Find  the  Load  at  the  Middle  that  will  cause  a  given  deflection^, 
transpose  Formula  (a)  so  that  the  load  becomes  the  left-hand  member  of  the 
equation.    Thus: 

Load  at  middle     4  X  breadth  X  cube  of  depth  X  deflection  in  in  X  £ 
in  pounds  cube  of  spSLa  X  1 728 

Limit  of  Deflection.  In  order  that  this  formula  may  be  of  use  in  deter- 
mining the  maximum  load  which  may  be  placed  upon  a  beam,  the  limit  op  tizje 
DEFLECTION  must  in  some  way  be  fixed.  This  is  generally  done  by  making  it  a 
certain  proportion  of  the  span. 

Allowable  Deflection  of  Floor-Beams.  Tredgold  and  other  authorities 
state  that  if  a  floor-beam  deflects  more  than  one-fortieth  op  an  inch  for 
EVERY  FOOT  OF  SPAN,  it  IS  liable  to  crack  the  ceiling  on  the  under  side;  and  hence 
this  is  the  limit  which  is  often  set  for  the  deflection  of  beams  in  flrst-class 
buildings. 

Formulas  for  Deflection  of  Floor-Beams.  If  the  length  in  feet  divided 
by  40  is  substituted  for  the  deflection  in  inches.  Formula  (4)  becomes 

breadth  X  cube  of  depth  X  e 
square  of  span  in  feet 
E 


Load  at  the  middle « 


(S) 


in  which 


€—  - 


17280 

Most  engineers  and  architects,  however,  think  that  one-thirtieth  of  an 
inch  per  foot  op  span,  that  is,  ^i«o  of  the  span,  is  not  too  much  to  allow  for 
the  deflection  of  floor-beams,  as  a  floor  is  seldom  subjected  to  its  full  estimated 
load,  and  then  only  for  a  short  time. 

Table  I.    Values  of  Constants  for  Stiffness  or  Deflection  on  Beams* 


Material 


Cast  iron 

Wrought  iron 

Sted 

Ash 

California  redwood. . . . 

Cedar 

Chestnut 

Cypress 

Douglas  fir 

Hemlock 

Long-leaf  yellow  pine. . 

Maple 

Norway  pine 

Short-leaf  yellow  pine. 

Spruce 

White  oak 

White  pine 


000  000 
000000 

000000 
482000 
700  000 
700  000 
900000 
900000 
500000 
900000 
500000 
903000 
100  000 
aoo  000 
200  000 
500000 
000000 


F= 


34722 
60000 
67130 
3430 
1620 
1620 
2080 
2080 
347a 
2080 
3472 
4400 
2546 
2777 
2777 
3473 
231s 


17  i28o  I    *      12900 


862 

I  soo 
1678 
•  87 
40 
40 
Sa 
52 
87 

52 

87 

no 

64 

69 
69 
87 
S8 


I  157 
2000 
2238 

114 
54 
54 
69 
69 

ZI6 
69 

1X6 

146 
8S 
92 
92 

1x6 
77 


E  a  modulus  of  elasticity,  pounds  per  square  inch; 

Fas  constant  for  deflection  of  beam,  supported  at  both  ends,  and  loaded  at  the 

middle: 
0*  constant,  allowing  a  deflection  of  one-fortieth  of  an  inch  per  foot  of  span; 
Cjs  constant,  allowing  a  deflection  of  one-thirtieth  of  an  inch  per  foot  of  span, 
*  See,  also,  in  Chapter  XVI,  formula  on  page  636  and  Table  XVI,  ps^e  647. 
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If  this  ratio  is  adopted,  the  constant  fox  DEVLBcnON  becomes 

E 

«l«  T- 

12960 

Constants  for  Sti£Fn«8S  or  Deflection  of  Beams.  In  either  of  the  above 
cases  it  is  evident  that  the  values  used  for  £,  P,  e,  or  01,  should  be  derived  from 
tests  on  timbers  of  the  same  size  and  quality  as  those  to  be  used.  The  values 
for  the  various  woods  given  in  the  following  table  have  been  adopted  by  the 
editors  after  careful  comparison  with  the  results  of  numerous  tests  on  large 
timbers  and  with  values  given  by  different  authorities.  The  editors  believe 
that  they  are  perfectly  reliable  for  first-dass  merchantable  timber. 

2.  Formulas  for  Loads,  Based  Upon  the  Stiffness  of  Beams 

Safe  Loads  for  Limited  Deflections  for  Rectangular  Beams.  Knowing 
the  deflection  caused  by  a  load  concentrated  at  the  middle  of  a  beam,  and  the 
BATXO  OF  OTHER  DEFLECTIONS,  causcd  by  different  modes  of  loading  and  support- 
ing, formulas  for  Cases  I  to  VIII,  Figs.  1  to  8,  considered  under  the  strength  of 
RECTANGULAR  BEAMS  (Chapter  XVT),  can  be  easily  deduced.  These  cases,  ar- 
ranged in  a  different  order,  are: 

For  Beams  Supported  at  Both  Ends* 
Load  at  the  midHle 

^  ,   ,     ,     breadth  X  cube  of  depth  X  ei 

Safe  load  ■• ; (6) 

square  of  span 

or. 

Breadth  -  l^XJS^^HlofiPan 

cube  of  depth  X  ft 

Load  at  a  point  other  than  at  the  middle,  m  and  n  being  the  segments  Into 

which  the  beam  is  divided 

_  -   ,     -     breadth  >^  cube  of  depth  X  square  of  span  x  e\  .„. 

Safe  load  = (8) 

i6X»«Xn« 

or, 

«       .,.  loadXw»Xn«Xi6  ,  , 

Breadth  =■  — -  (9) 

cube  of  depth  X  square  of  span  X  ei 

Load  oniformly  distributed 

^  ,    ,      .      8  X  breadth  X  cube  of  depth  X  ft  ,    .  ^ 

Safe  load  =   ; (10)  t 

5  X  square  of  span 

or, 

_       ,  ,         5  X  load  X  square  of  span  ,    . 

Breadth   =*  ^ — —, — (11) 

8  X  cube  of  depth  X  ft 

IncSned  beam,  loaded  at  the  middled 

„  ,   ,     ,  breadth  X  cube  of  depth  X  ft  .    . 

Safe  load-  7—, r-~ —^ — (la) 

span  X  horizontal  distance  between  supports 

or, 

^       ,  ,        load  X  span  X  horizontal  distance  between  supports         .    . 

Breadth — r^— 7— (13) 

cube  of  depth  X  ft 

*  In  Formulas  (6)  to  (17)  the  breadth  and  depth  are  to  be  taken  in  inches,  and  the 
length  or  span  in  feet.    The  load  is  always  in  pounds. 

The  values  given  in  either  of  the  last  two  columns  of  Table  I  may  be  used  for  e  or  Ci, 
acooniing  to  the  degree  of  stiffness  desired,  but  the  valiies  ex  in  the  hut  column  are 
ample  under  ordinary  conditions. 

t  See,  also,  formula  in  Chapter  XVI,  page  636. 

X  Tredgoid's  Elements  of  Carpentry,  page  6$. 
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For  Beams  Fixed  at  One  End,  or  Cantilever  Beams 
Load  at  the  free  end 

_  .   ,     -     breadth  X  cube  of  depth  X  ft  ,    , 

Safe  load  -  -i :; — =- (14) 

16  X  square  of  span 
or, 

Breadth  -  ^6  X  load  X  square  of  spaa 

cube  of  depth  X  ea  ^^' 

Load  imiformly  dtstribttted 

_  ,   ,     .     breadth  X  cube  of  depth  X  ft  ,  ^^ 

Safe  load  - — =- (i6) 

6  X  square  of  span 
or, 

«      j.u       6  X  load  X  square  of  span  ,    ^ 

Breadth — ——: *—  (17) 

cube  of  depth  X  ft 

Note.  When  the  span  in  feet  is  less  than  the  depth  in  inches,  the  beams 
should  not  be  calculated  by  the  formulas  for  stiffness,  but  by  those  for  hori- 
zontal SHEAS.     (See  Chapter  XVI,  page  635.) 

3.  Relati?e  Staffness  of  Beams 

Beam  supported  at  both  ends  and  loaded  at  the  middle i 

Beam  supported  at  both  ends  and  uniformly  loaded H 

Beam  fixed  or  restrained  at  both  ends  and  loaded  at  the  middle. . .  4 

Beam  fixed  or  restrained  at  both  ends  and  uniformly  loaded 8 

Cantilever  beam  loaded  at  the  free  end Ma 

Cantilever  beam  uniformly  loaded H 

The  Stiffest  Rectangular  Beam  containing  a  given  amount  of  materia]  is 
that  in  which  the  ratio  of  depth  to  breadth  is  as  10  is  to  6;  hence,  in  designing 
beams,  the  depth  and  breadth  should  be  made  to  approach  as  near  this  ratio  as 
is  practicable.  * 

Example  x.  )\'hat  is  the  greatest  distributed  load  that  an  8  by  10  in  wlute- 
pine  girder,  30  ft  in  span,  will  support,  without  deflecting  at  the  center  more 
than  one-thirtieth  of  an  inch  per  foot  of  span? 

Solution.  This  girder  comes  under  the  case  of  a  beam  supported  at  both 
ends  and  loaded  with  a  uniformly  distributed  load,  and  hence  should  be  calcu- 
lated by  Formula  (10).    Substituting  the  given  dimensions  in  Formula  (10), 

c  ,   ,     ,      8X8X1000 X  77  .    ,. 

Safe  load  = »  2  464  lb 

5X400 

Example  a.  What  should  be  the  dimensions  of  a  long-leaf  yellow>pine  beam, 
10  ft  in  span,  to  support  a  concentrated  load  of  4  aso  lb  at  the  middle  without 
deflecting  more  than  one-third  of  an  inch  at  the  center? 

Solution.  A  deflection  of  one-third  of  an  inch  in  a  span  of  10  ft  is  in  the  pro- 
portion of  one-thirtieth  of  an  inch  per  foot  of  span;  and  as  the  load  is  concen- 
trated at  the  middle.  Formula  (7)  should  be  used,  with  ft,  the  value  given  m  the 
fourth  column  opposite  long-leaf  yellow  pine. 

Formula  (7)  gives  the  dimensions  of  the  breadth,  but  in  order  to  obtain  it, 
a  value  for  the  depth  must  first  be  assumed.  For  such  a  short  span,  10  inches 
would  seem  to  be  a  proper  depth. 

Substituting  in  Formula  (7) 

IOOOXII6 
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Hence  it  will  be  necessary  to  use  a  4  by  xo-in  beam.  As  the  span  of  this 
besm  in  feet  is  the  same  as  its  depth  in  inches,  it  should  be  tested  to  see  if  it 
meets  the  requirements  for  strength  also.  From  Table  XII,  page  643,  it 
is  found  that  the  safe  distributed  load  for  a  x  by  lo-in  beam,  xo  ft  in  span,  is 
1 333  lb,  and  for  a  4  by  xo-in  beam  the  safe  load  would  be  four  times  as  much, 
or  5  333  lb.  The  load  in  this  example,  however,  is  applied  at  the  middle; 
hence  the  safe  distributed  load  must  be  divided  by  2,  which  gives  2  666  lb  for 
the  safe  load  at  the  middle.  As  this  is  much  less  than  the  load  to  be  carried, 
the  size  of  the  beam  should  be  increased  to  4  by  16  in.  In  general  it  is  not  safe 
to  use  the  formulas  for  stiffness  when  the  span  in  feet  does  not  exceed  the 
depth  in  inches. 

Example  3.  What  is  the  largest  load  that  an  inclined  spruce  beam  8  by  12  in 
in  cross-section  and  16  ft  in  length  between  the  supports  will  carry  at  the 
middle,  consistent  with  stiffness,  the  horizontal  distance  between  the  supports 
being  14  ft? 

Solution.  Formula  (x2)  is  the  one  to  be  used  in  this  case.  Assuming  the 
limit  of  deflection  at  one-thirtieth  of  an  inch  per  foot  of  span,  the  value  of  ei 
is  found  opposite  spruce  in  the  last  column  of  Table  I.  Making  the  proper 
substitutions, 

e  «    1     J      8Xx  728X92         ^  oiu 

Safe  load ~  -  5  678  lb 

16XX4 

4.   Cylindrical  Beams 

Formulas.  The  formulas  for  beams  with  square  cross-sections  may  be 
used  for  beams  with  circular  cross-sections,  if  1.7  X  «  is  substituted  for  e. 
That  is,  other  conditions  being  equal,  a  cylinorxcal  beak  bends  or  deflects 
1.7  times  as  much  as  a  beam  the  cross-section  of  which  is  the  square  circum- 
scribing the  circular  cross-section  of  the  cylindrical  beam. 

5.  Safe  Loads  for  Wooden  Beams  for  a  Given  Deflection 

Use  of  Tables  and  Formolas.  Tables  Vn  to  XV,  inclusive,  pages  638  to 
646,  giving  the  safe  loads  for  beaus,  give,  also,  the  maximum  loads  for  beams, 
I  in  thick,  that  wUl  cause  a  deflbchon  not  exceeding  Vi«o  of  the  span,  that  is, 
Ma  in  per  foot  of  span.  Where  two  loads  are  given  for  any  span  or  depth  the 
upper  load  is  calculated  for  strength  and  the  lower  load  for  deflection. 
>Mjere  one  load  is  given  the  calculation  is  for  strength,  as  the  calculation  for 
deflection  in  those  particular  beams  would  give  an  excessive  load  (Example  2). 
To  find  the  corresponding  load  for  any  thickness,  multiply  the  load  given  in 
the  table  by  the  breadth  of  the  beam  in  inches.  Suppose,  for  example,  that  it 
is  required  to  find  the  greatest  distributed  load  that  an  8  by  lo-in  white-pine 
girder,  20  ft  in  span,  will  support,  without  deflecting  at  the  center  more  than 
oae>thirtieth  of  an  inch  per  foot  of  span.  Referring  to  Table  VIII,  page  639, 
giving  the  safe  loads  in  pounds  for  white-pine  beams,  two  values  are  found 
apposite  the  20-ft  span,  389  and  308,  the  latter  being  the  safe  load  for  deflection. 
The  safe  load,  therefore,  for  an  8  by  lo-in  girder  will  be  eight  times,  or 
308  X  8  —  2  464  lb,  which  agrees  with  tlie  safe  load  for  the  same  girder  calcu- 
lated for  deflection  by  Formula  10,  Example  x. 

t.  nominal  and  Stsndard  Sizes  of  Wooden  Beams 

Conversion  Factors  for  Wooden  Beams  of  Standard  Size.  Table  II 
may  be  used  for  beams  that  measure  less  than  the  nominal  dimensions. 
Dressed  beams,  and  in  many  localities  floor-joists  carried  in  stock,  are  more 
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or  less  SCANT  of  the  nominal  dimensions,  and  (or  such  joists  a  reduction  in  th 
safe  load  must  be  made  to  correspond  to  the  reduction  in  size.  The  dressej 
SIZES  are  generally  K  in  scant  up  to  4  in  in  breadth,  above  which  they  are  V^  ii 
scant;  while  in  depth  they  are  all  generally  Vi  in  less  than  the  noional  sizes 
The  safe  loads  may  be  obtained  by  multiplying  the  safe  loads  as  given  ii 
Tables  VII  to  XV,  pages  638  to  646.  by  the  factors  given  in  the  loUowinj 
Uble: 

Table  XL    Conversion  Factor*  for  Beams  of  Commefdal  or  Staadafd  Sizes 


Cross-sections 

Crass-sections 

of  beams  in 

Factors 

of  beams  in 

Factors 

inches 

inches 

iMxsW 

1.47 

iMxiiVi 

1.61 

aHxsH 

«  31 

29<XlI^i 

«53 

1HX6H 

1.51 

1«XX1W 

1.61 

2HX6H 

a. SI 

z^ixuH 

256 

iHxiH 

1. 54 

iHxis\i 

1.6s 

2^ixyH 

a.42 

aHxisVi 

a  58 

iHxgH 

1. 58 

1^4  xnH 

1. 6s 

2-)iX9H 

248 

2^4Xl7Vi 

a. 60 

4.    What  is  the  safe  load  for  a  2H  by  xaH-tn  spruce  beam,  i8-ft 
span? 

Solution.  From  Table  VIII,  page  639,  the  safe  load  for  a  x  by  14-in  beam 
is  847  lb.  Multiplying  this  by  2.56  the  product  is  a  168  lb.  the  safe  distributc-d 
load  for  a  beam  2H  by  13H  in  in  cross-section.  For  a  fulU  "nominal"  size. 
3  by  z4-in,  the  safe  load  would  be  2  541  lb. 


7.  Deflection  of  Steel  Beams 

General  FormiilA.  The  deflection  of  any  steel  beam  may  be  found  by 
means  of  Formula  (i),  page  663. 

Example  5.  It  is  required  to  determine  the  deflection  of  a  la-in  3i.s-lb 
beam,  20  ft  in  span,  under  its  maximum  uniformly  distributed  load  uf 
9.59  tons. 

Solution.  The  load  in  pounds  «  9.59  tons  X  2  000  -  19  180  lb:  the  span  in 
inches"  20  ftX  12  ->  240  in;  c,  for  a  beam  supported  at  both  ends  and  uni- 
formly loaded,  from  the  values  given  under  Formula  (x),  is  0.0x3:  £.  for  steel  is 
29  000  000  lb  per  sq  in  (Table  I,  page  664) ;  and  the  moment  of  inertia,  from 
the  properties  of  steel  I  beams,  page  355.  is  215.8.  Substituting  these  values 
in  Formula  (i),  page  663, 

^  «    ^.      .    .    ^        19  r8o  X  240»  X  0.013 

Deflection  m  mchcs  -  -^ -—  -  0.551  m 

29  000 000  X  2x5.8 

The  allowable  deflection  is  V^o  of  an  inch  per  foot  of  span,  or  ^%9  -  0.666  in. 

Coeflicients  of  Deflection.  In  order  to  save  the  time  required  to  use  the 
DEFLECTION-FORMULA,  COEFFICIENTS  OF  DEFLECTION  have  been  worked  out  for 
different  spans  and  are  given  in  Table  III. 
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Deflection  of  Sted  Beams  ( 

TkMe  m.    CoefficieaU  of  Deflectkm  for  Unifonalj  Diitritmtad  Loads* 


1 

Fiber-stress,  pounds  per       , 

Fiber-stress,  pounds  per 

S^anin 
feet 

Span  in 
feet 

square  inch 

ID  000 

14000 

13500 

X6000 

14  000 

12500 

I 

O.OI7 

0.014 

0.013 

36 

X1.X89 

9.790 

8.741 

a 

0.066 

0.058 

0.05a 

27 

ia.o66 

10.558 

9437 

3 

O.I49 

0.130 

0.X16 

38 

M.977 

IX. 354 

10. 138 

4 

o.a65 

0.232 

o.ao7 

39 

13.920 

12.180 

10.875 

5 

0.414 

0.362 

0.323 

30 

14.897 

13.034 

11.638 

6 

O.S96 

0.521 

0.466 

31 

XS.906 

13.918 

12.427 

7 

0.811 

0.710 

0634 

33 

16.949 

14.830 

13.241 

S 

1. 059 

0.927 

0.828 

33 

18.025 

IS. 772 

14  082 

9 

X.34X 

1. 173 

1.047 

34 

19.134 

16.742 

14948 

lO 

1.655 

1.448 

1.293 

35 

ao.276 

17.741 

15.841 

II 

a. 003 

1-752 

1.S65 

36 

21. 451 

18.770 

16.759 

13 

2.383 

a. 066 

1.862 

37 

22.659 

19.827 

17  703 

U 

2.797 

a.448 

2.185 

38 

23.901 

20.913 

18.672 

14 

3.a44 

a.839 

a.534 

39 

25.175 

22.038 

19.66B 

IS 

3.724 

3.2S9 

2.909 

40 

36.483 

33.172 

ao.690 

!        i6 

4.337 

3.708 

3.310 

41 

27.823 

24  346 

21.737 

!         17 

4.783 

4.186 

3  737 

42 

29.197 

25.548 

22.810 

18 

5.363 

4692 

4.190 

43 

30.604 

26.779 

23.909 

19 

5.97s 

5. 228 

4.668 

44 

3I.9S4 

38.039 

25.034 

ao 

6.6ai 

S.793 

S.172 

45 

33.517 

29.328 

26.185 

31 

7.299 

6.387 

5703 

46 

35.023 

30.646 

27. 3/^2 

22 

8. on 

7.010 

6.259 

47 

36.S62 

31  992 

38  565 

23 

8.7S6 

7.661 

6.84X 

48 

38.135 

33.368 

29.793 

34 

9  534 

8.342 

7.448 

49 

39. 741 

34.773 

31.047 

as 

10.345 

9.05a 

8.082 

50 

41.379 

36.207 

32  328 

*  Taken  by  permission  from  Pocket  Companion,  19x5,  Carnegie  Steel  Company. 

To  find  the  deflection  in  inches  of  a  section  symmetrical  about  the  nei'tral 
AXIS,  such  as  the  section  of  an  I  beam,  channel,  zee.  etc.,  divide  the  coefficient 
in  the  table  corresponding  to  the  given  span  and  fiber-stress  by  the  depth  of  the 
section  in  inches.  To  find  the  deflection  in  inches  of  a  section  not  symmetrical 
about  the  neutral  axis,  such  as  the  section  of  an  angle,  tee,  etc.,  divide  the 
coefficient  corresponding  to  the  given  span  and  fiber-stress  by  twice  the  distance 
of  the  extreme  fiber  from  the  neutral  axis,  obtained  from  the  tables  of  Chapter  X. 
To  find  the  deflection  in  inches  of  a  section  for  any  other  fiber-stress  than 
the  fiber-stresses  given,  multiply  this  fiber-stress  by  any  of  the  coefficients  in 
Table  III,  for  the  given  span,  and  divide  by  the  fiber-stress  corresponding  to  the 
coefficient  used. 

Example  6.    Required  the  deflection  of  a  xo-in  25-lb  beam  of  lo-ft  span,  under 

its  maximum  distributed  load  of  13  tons,  the  fiber-stress  being  taken  at  16  000  lb 

per  sq  in.    Table  III  gives  1.655  *s  the  deflection-coefficient,  and  dividing  this 

b>'  10,  the  depth  of  the  beam  in  inches,  the  result  is  i.fiss/xo-  0.1655,  for 

the  deflection  at  the  middle.    By  Formula  (i),  page  663,  the  deflection  for 

..              .                         11     .      26  000  X  I  728000X0.013  ^       .      ,. 

the  same  beam,  span,  and  load  —  "  0.1649  "*•  the 


29  000  000  X  122.1 
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two  results  betng  nearly  identical.  For  the  same  beam,  a  span  of  18  ft  and  a^ 
load  of  7.2  tons,  the  deflection  by  the  table  is  0.5363  in;  and  by  Formula  (i>,| 
0.5328  in,  practically  the  same  result. 

Safe  Loads  and  Deflection.  In  the  tables  of  Chapter  XV,  givmg  the  safe| 
loads  for  I  beams,  channels  and  rolled  beams  of  other  cross-sections,  the  loads| 
given  are  for  the  safe  umtt  or  deflection;  and  the  safe  loads>  also^  are  giveni 
which  will  cause  deflections  of  more  than  ^0  of  the  span-length  in  inches. 

Lateral  Deflection  of  Beams.*  When  the  unbraced  length  exceeds  ten 
times  the  width,  the  tabular  safe  loads  should  be  reduced  in  accordance  with 
the  ratios  given  in  the  following  table  in  order  to  insure  that  the  stresses  in  the 
compression-flanges  should  not  exceed  the  allowed  safe  unit  stress: 


Length  of  span      Allowable  safe  load       Length  of  span      Allowable  safe  load 


S  X  flange-width 
10  X  flange-width 
IS  X  flange-width 
20  X  flange-width 


Full  tabular  load 
Pull  tabular  load 
90.6%  tabular  load 
81.2%  tabular  load 


25  X  flange-width 
30  X  flange-width 
as  X  flange-width 
40  X  flange-width 


71.9%  tabular  load 
62.5%  tabular  load 
53*1%  tabular  load 
43*8%  tabular  load 


"In  addition  to  this  lateral  deflection  which  is  induced  within  the  beam  by 
the  action  of  pure  bending-stresses,  lateral  deflection  may  be  induced  by  the 
thrust  of  floor-arches  or  other  loading  acting  on  an  axis  perpendicular  to  the 
line  of  principal  bending-stress.  The  thrust  of  these  arches  should  either  be 
neutralized  by  tie-rods,  or  the  safe  carrying  capacity  of  the  beam  should  be 
computed  in  accordance  with  the  general  formulas  of  flexure  to  provide  for 
the  combined  stresses  due  to  the  action  of  both  vertical  and  horisontal  forces; 
that  is  to  say,  the  safe  loads  should  be  figured  around  both  the  axes  i-i  and 
2-2,  and  the  unit  stress  computed  so  as  not  to  exceed  t6  000  lb  per  sq  in." 

*  Adapted  by  pennission  from  Carnegie's  Pocket  Companion,  1915  Edition. 
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CHAPTER  XIX 

STRENGTH  AND  STIFFNESS  OF  CONTINUOUS 
GIBDERS 

BY 

CHARLES  P.  WARREN 

ASSISTANT  PKOFESSOR  OF  ASCHITECTURE,  COLUICBIA  UNIVESSITy 

1.   General  Considerations 

Continaous  Versus  Single-Span  Girders.  A  continuous  gisder  is  one 
resting  upoa  three  or  more  supports^  as  distinguished  from  a  simple  Gnu>ES 
which  rests  upon  two  supports.  Continuous  girders,  except  in  reinforced-con- 
crete  construction,  and  in  some  types  of  grillage-foundations,  arc  of  rare  occur- 
rence in  building-construction.  While  in  almost  every  building  of  importance 
it  is  necessary  to  employ  girders  resting  upon  piers  or  columns,  placed  from  15 
to  20  ft  apart,  and  while  in  many  cases  steel  girders  could  conveniently  be  ob- 
tained which  would  span  two  and  even  three  of  the  bays  between  the  supports, 
they  are  practically  limited  to  one-story  buildings,  because  in  tall  buildings  it  is 
better  construction  to  have  the  vertical  rather  than  the  hori/.ontal  supports 
continuous.  Many  different  opinions  are  held  as  to  the  relati\'e  strength 
and  stiffness  of  continuous  and  non-continuous  girders,  and  difTerent  formulas 
have  been  proposed  from  time  to  time;  but  in  this  chapter  the  mathematical 
discussions  will  not  be  given.* 

Continnotts  Girders  and  Overhanging  Girders.  In  all  continuous 
GiROERS,  the  end-spans  (Fig.  2)  are  somewhat  in  the  condition  of  a  simple 
GIRDER  with  ONE  OVERHANGING  END,  while  the  Other  spans  are  somewhat  in 
the  condition  of  a  simple  girder  with  two  overhanging  ends.  At  each  inter- 
mediate support  there  is  a  negative  bending  moment,  the  effect  of  which 
is  to  reduce  the  bending  moments  between  the  supports. 

2.  Sopportiiig  Forces  or  Reactions  of  Continttoaa  Girders 

Continnotts  Girder  of  Two  Equal  Spans.  Concentrated  Load  at.  the 
Middle  of  Each  Span.  If  a  girder  of  two  spans,  each  equal  to  /  (Fig.  1),  be 
loaded  at  the  middle  of  the  left  span  with  P  lb,  and  at  the  middle  of  the  right 
span  with  Pi  lb,  the  reaction  at  the  support  Ri  'is  determined  by  the  formula 

UP-3P1  f  . 

the  reaction  at  the  support  Rt  by 

Rf^U^P^-Pv)  (2) 

and  the  reaction  at  the  suppcnt  Ra  by  the  formula 

-'-'^ 

*  For  the  derivation  of  the  following  formulas,  see  an  article  by  F.  E.  Kidder  on  this 
nbject.  in  Van  Nostzand's  Engineering  Magazine,  July,  z88x. 
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If  P  >  Px,  then  each  of  the  end-supports  must  support  Me  P  and  the  middle 
support  'Me  P-  If  the  girder  is  cut  so  as  to  make  two  girders  of  one  span 
each,  then  the  end-supports  will  carry  H  ^  or  M«  P,  a^nd  the  middle  support 

iMe  P.  Hence,  it  is  seen  that  by  usin« 
the  continuous  girder  of  three  spans,  the 
reactions  of  the  end-supports  are  dimin- 
ished, while  the  reaction  at  the  middle 
support  is  increased. 

Continiums    Girder    of    Two    Spans. 
Uniformly  Distributed  Load  Over  Bach 

Let  / 

be  the  length  of  the  left  span  and  /i  the  length  of  the  right  span.  Reaction  of 
left  support 


R.  Rt  R« 

Fig.  1.    Continuous  Girder  of  Two  Spans 
Span  (Fig.  1).     Load  over  each  span  equals  ter  lb  per  unit  of  length. 


■2L       4/(/  +  /i)J 


(4) 


(5) 


(6) 


Reaction  of  middle  support. 
Reaction  of  right  support 

WTien  both  spans  are  equal  to  /,  the  reaction  of  each  end-support  is  H  wi,  and 
of  the  middle  support  H  lol;  hence  the  girder,  by  being  continuous,  reduces  the 
reactions  of  the  end-supports,  and  increases  that  of  the  middle  support  U,  or 
25%. 

Continaoiis  Girder  of  Three  Equal  Spans.  Concentrated  Load  of  P  Pounds  at 
the  Middle  of  Each  Span  (Fic.t). 

Reaction  of  either  abutment 

RimRtmiioP  (7) 

Reaction  of  either  middle  support 


Rt^Rt^2^^P 

or  the  fcactions  of   the  two   end-supports  are  Mo  less,  and  those 
two  middle  supports  ^w 
greater  than  they  would 
have    been    had    three 

-4 Ud ^ 


(8) 
of   the 
0 


separate  girders  of  the 
same  cross-section  been 
used,  instead  of  one  con- 
tinuous girder. 


Ri 


Fig.  2. 


R,  Rf 

ConUnuous  Girder  of  Three  Spans 


R4 


Conttnnons  Girder  of  Three  Equal  Spans.    Uniformly  Distributed  Load  Ovor 
Each  Span  (Fig.t).    The  load  per  unit  of  length  is  w  lb. 
Reaction  of  either  end-support 


Reaction  of  either  middle  support 


(9) 


(io) 

Hence  the  reactions  of  the  end-supports  are  H  less,  and  of  the  middle  supports 
Mo  more,  than  if  the  girder  were  not  continuous.  ^  j 
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I.  Bending  Moments  of  Continaous  Girders 

Streagth  of  Continuons  Girders.  The  strength  of  a  girder  depends  upon  iX» 
mtcnal  and  the  shape  of  its  cross-section,  and  also  upon  the  disposition  of  the 
atemal  loads  imposed  upon  it.  The  latter  give  rise  to  the  bending  moments. 
winch  are  measures  of  the  tendencies  of  the  external  forces,  such  as  the  loads 
aad  the  supporting  forces,  to  bend  or  to  break  the  girder.  It  is  the  difference 
k  the  nunii^ical  values  of  these  bending  moments  which  causes  the  difference 
in  the  flexoral  strength  of  continuous  and  non-continuous  girders  of  the 
same  cross-section. 

Contninoiis  Girders  of  Two  Spans.  When  a  beam  is  at  the  point  of  breaking 
hy  flexure,  the  flexure-formula,  M  -  SI/c,  is  frequently  used  to  calculate  a 
voviNAL  UNTT  STRESS  developed  in  the  beam;  and  when  the  beam  has  a  rec- 
tangular cross-section  the  formula  takes  the  form  (see  page  635) 

Iblaximum  bending      Modulus  of  rupture  *  X  breadth  x  square  of  depth  .    . 
ixKment  *  6  • 

In  Older  that  the  beam  may  carry  its  load  with  perfect  safety,  the  breaking-load 

must  be  divided  by  a  proper  factor  of  safety.    Hence,  if   the  maximum 

BENDING  moment  of  a  beam  can  be  found  under  any  conditions,  the  required 

dimensions  of  the  beam  can  easily  be  determined  from  Formula  (11).  .(See 

Table  I,  page  557,  for  the  safe  values  of  the  fiber-stresses.)    The  greatest 

beading  moment  for  a  continuous  girder  of  two  spans  is  almost  always  over  the 

middle  support,  and  is  a  minus  bending  moment,  if  the  plus  sign  is  given  to 

the  maximum  bending  moments  between  the  supports.    It  is  the  numerical 

VALUE  only,  however,  that  is  considered. 

Contmnoos  Girder  of  Two  Spans.    Distributed  Load  over  Bach  Span.    The 

greatest  bending  moment  in  a  continuous  girder  of  two  spans,  /  and  U  (Fig.  1), 

lioded  with  a  uniformly  distributed  load  of  w  lb  per  unit  of  length  is  over  the 

middle  support  and  is 

wP  -f-  to/i' 
Maximum  bending  moment  =-  — - — rr-  (12) 

8  (/  -|-  ti) 

V\lien  /  -  /i,  or  both  spans  are  equal, 

Maximum  bending  moment »  wf*/8  (i  2a) 

vhkfa  is  the  same  as  the  maximum  bending  moment  of  a  beam  supported  at 
both  ends  and  uniformly  loaded  over  its  whole  length.  Hence  a  continuous 
gifder  of  two  spans  uniformly  loaded  is  no  stronger  as  far  as  flexure  is  concerned 
than  if  non-continuous. 

OwHimeqs  Girder  of  Two  Bqoal  Spans.  Concentrated  Load  at  the  Middle 
of  Each  Spaa.  The  greatest  bending  moment  in  a  continuous  girder  of  two 
equal  spans,  each  of  length  /,  loaded  with  P  lb  at  the  middle  of  one  span,  and 
with  Pi  lb  at  the  middle  of  the  other,  is 

Maximum  bending  moment »  %2  /  (P  +  Pi)  (13) 

*  The  modulus  of  rupture  is  equal  to  the  ultimate  flexural  unit  stress  developed  in  a 
beam  when  the  bending  moment  is  great  enough  to  cause  failure,  and  is  expressed  in 
poGods  per  square  inch.  It  usually  lies  between  the  ultimate  unit  compressive  strength 
aad  the  ultimate  unit  tensile  strength  of  the  material.  (See,  also,  Chapter  XV,  page 
5S6.)  It  is  to  be  noted,  that  the  flexure-formula  M  »  SI/c  is  not  really  applicable  to 
beams  of  materials  for  which  the  stresses  are  not  proportional  to  the  deformation,  nor  to 
aoD-bomogeDeous  beams,  nor  to  beams  under  stresses  greater  than  the  elastic  limit  of 
the  material. 
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When  P  -  Pi,  or  the  two  loads  are  equal,  thb  becomes 

Maximum  bending  moment »  fi«  PI  (i3<i) 

or  H  less  than  its  value  when  the  beam  is  cut  at  the  middle  support.* 

Conthmous  Girder  of  Three  Spens.  Uniformly  Distributed  Load  Orer  Each 
Spin.  The  greatest  bending  moment  in  a  continuous  girder  of  three  spans 
loaded  with  a  uniformly  distributed  load  of  w  lb  per  unit  of  length,  the  length 
of  each  end-span  being  h  and  of  the  nu'ddle  span  /,  is  at  either  of  the  middle  sup- 
ports, and  is  determined  by  the  formula 

10^  +  Sctfl* 

Maximiun  bending  moment «  —7—; -r  (14) 

4(3^+2/1) 

When  the  three  spans  are  equal,  this  becomes 

Maximum  bending  moment »  wP/io  (14a) 

or  H  less  than  what  it  would  be  were  the  beam  not  continuous. 

Continuoas  Girder  of  Three  Equal  Spans.  Concentrated  Load  of  P  Pounds  at 
the  BCsddle  of  Bach  Span.  The  greatest  bending  moment  in  a  continuous 
girder  of  three  equal  spans,  each  of  a  length  /,  and  each  loaded  at  the  middle 
with  P  pounds,  is 

Maximum  bending  moment »  H>  P/  (15) 

or  H  less  than  that  of  a  nonKxmtinuous  girder. 

4*  Deflection  of  Continuoas  Girden 

Contittoons  Girder  of  Two  Equal  Spans.  Uniformly  Distributed  Load  Orer 
Bach  Span.  The  greatest  deflection  of  a  continuous  girder  of  two  equal  spans 
loaded  with  a  uniformly  distributed  load  of  w  lb  per  unit  of  length  is 

Maximum  deflection  »  0.0054 1 6  wi*/EI  ( 16) 

in  which  E  is  the  modulus  of  elasticity  and  /  the  moment  of  inertia  of  the 
cross-section  of  the  beam.  The  greatest  deflection  of  a  similar  beam  supported 
at  both  ends  and  uniformly  loaded  is 

Maximum  deflection  -  o.oiso20wi*/ EI 

Hence  the  deflection  of  the  continuous  girder  is  only  about  H  that  of  a  non- 
continuous  girder.  The  greatest  deflection  of  a  continuous  girder  of  two  spans 
is  not  at  the  middle  of  either  span,  but  between  the  middle  point  of  a  span  and 
one  of  the  abutments.  The  greatest  deflection  of  a  continuous  girder  of  two 
equal  spans,  loaded  at  the  middle  of  one  span  with  a  load  of  P  lb,  and  at  the 
middle  of  the  other  with  Pi  lb,  is,  for  the  span  with  the  load,  P 

Maximum  deflection  a  -   — — —  (17) 

1  530  £/ 

for  the  span  with  load  Pi 

Maximum  deflection — -- —  (i7tf) 

I  536  EI 

When  both  spans  have  the  same  load 

Maximum  deflection  -  J^es  PP/ET  (176) 

*  In  this  continuous  beam  the  maximum  bending  moment  is  the  minus  bending  mo- 
meat  over  the  middle  wippoit  mnd  in  each  of  the  two  simple  beams  the  maximura  bend- 
ing  moment  is  a  plus  bending  moment  and  is  between  two  supports. 
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The  greatest  deflection  of  a  simple  beam  supported  at  both  ends  and  loaded 
at  the  middle  with  P  lb  is 

Maximum  deflection  -  /'/*/48  EI 

or  the  deflection  of  the  continuous  girder  is  only  M«  that  of  a  non-continuous  one. 

CoBtimioiis  Girder  of  Three  Equal  Spana.  Uniformly  Distributed  Load  Over 
Eadi  Span. 

The  load  per  unit  of  length  is  v  lb. 

Greatest  deflection  at  the  middle  of  middle  span  ^  0.00052  id* /EI       (t8) 
Greatest. deflection  in  the  end-^pans  «  0.006884  v;tfV^     (19) 

Hence  the  maximum  deflection  of  the  continuous  girder  is  only  about  H  that 
of  a  non-continuous  girder. 

Conttmioiia  Girder  of  Three  Equal  Spans.  Concentrated  Load  P  at  the  Middle 
of  Bach  Span. 

Greatest  deflection  at  the  middle  span  -  Hno  PP/EI  (20) 

Greatest  deflection  at  the  middle  of  end-spans  -  ^Hco  Pfi/EI  (21) 

Hence  the  maximum  deflection  of  the  continuous  girder  is  only  1  ^  of  that  of 
the  noo-coQtinuous  girder. 

5.  Notes  on  Reactions,  Strength  and  Stillness  of  Continuous  Girders 

Supports  and  Reactiona  of  Contimioas  and  Non-Continttoua  Girders.  From 
the  foregoing,  some  conclusions  can  be  drawn  which  will  be  of  use  in  deciding 
whether  it  is  best  in  any  case  to  use  a  continuous  or  a  non-continuous 
GTHDER.  From  the  formulas  given  JFor  the  reactions  of  the  supporting  forces 
in  the  different  cases  of  continuous  girders  it  is  seen  that  the  end-supports  do 
not  bear  as  much  of  -the  load  as  they  do  when  the  girders  are  non-continuous. 
The  difference  is  added  to  the  reactions  of  the  other  supports.  This  might  be 
of  advantage  in  a  building  in  which  the  girders  run  across  the  building,  and 
have  their  outside  ends  supported  by  the  side  walls  and  their  inside  ends  by 
piers  or  oolunuis.  In  this  case,  by  using  continuous  girders,  part  of  the  load 
could  be  taken  from  the  walls  and  transferred  to  the  piers  or  columns.  But  in 
cases  of  thb  kind,  the  vibration  may  have  to  be  considered.  If  the  buikiing 
is  a  mill  or  factory  in  which  the  girders  support  machines,  any  vibration  in  the 
middle  span  of  the  girder  is  carried  to  the  side  walls  if  the  girder  is  continuous; 
while  if  non-continuous  girders  are  used,  with  their  ends  an  inch  or  so  apart, 
little  or  no  vibration  is  carried  to  the  side  walls  from  the  middle  span.  In  all 
cases  of  important  construction  the  supporting  forces  should  be  carefully 
considered. 

Raklive  Strength  of  Ceatimu)ttB  and  Noft-Coiitinuoua  Girden.  As  the 
KELATtVE  STRENGTH  of  continuous  and  non-continuous  girders  of  the  same 
cross-section,  material  and  spans,  and  loaded  in  the  same  way,  is  proportional 
to  their  maximum  bending  moments,  the  strength  of  a  continuous  girder  can 
be  calculated,  from  the  formula  for  its  maximitm  bending  moment.  From  the 
values  given  for  these  bending  moments  for  the  various  cases  considered,  it  is 
seen  that  the  parts  of  the  girder  most  stressed  are  those  which  come  over  the 
middle  supports.  It  is  seen,  alsO)  that,  'except  in  the  single  case  of  a  girder  of 
two  spans  uniformly  loaded,  the  strength  of  a  continuous  girder  is  greater 
than  that  of  a  non-continuous  girder.  But  the  gain  in  strength  in  some  in- 
stances is  not  very  great,  although  it  is  generally  enough  to  pay  for  making  the 
girder  continuous. 

^       le 
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Rekthre  Stififness  of  Coatiimoiis  aad  Non-Contsniioiu  Girders.  The  stiff- 
ness of  a  girder  varies  inversely  as  its  deflection;  that  is,  the  less  the  deflec- 
tion under  a  given  load  the  stiffer  the  girder.  From  the  values  given  for  the 
MAXIMX71C  DEFLECTION  of  continuous  gifders,  it  is  evident  that  the  stiffness  of 
a  girder  is  increased  by  making  it  continuous;  and  this  is  usually  the  prindpai 
advantage  in  the  use  of  continuous  girders.  It  sometimes  happens  in  building- 
construction  that  it  is  necessary  to  use  beams  and  girders  of  much  greater 
strength  than  is  required  to  carry  the  superimposed  load,  because  the  deflections 
of  smaller  beams  or  girders  would  be  too  great.  But  if  continuous  girden> 
are  used  they  may  be  made  of  just  the  size  required  for  strength,  becatise  their 
deflections  are  less.  Where  great  stififness  is  required,  therefore,  continuous 
beams  or  girders  should  be  used  if  possible,  as  in  the  case  of  grillage-girders. 
(See  Example  3,  page  679.) 

C.  Formulas  for  the  Strength  and  Stiffness  of  Continaotts  Girders 

Girders  of  Rectangular  Cross-Section.  For  convenience,  the  proper  formulas 
for  calculating  the  strength  and  stiffness  of  continuous  girders  of  rectangular 
cross-section  are  given.  The  formulas  for  strength  are  deduced  from  the  flexure- 
formula  M  "  Sl/ct  modified  for  the  rectangular  section  of  breadth  b  and  depth  d. 

«     J.  bxd'XS 

Bendmg  moment (22) 

o 

in  which  5  is  the  safe  unit  fiber-stress.  This  is  eighteen  times  what  is  generally 
known  as  the  coefficient  of  strength.* 

Strength.  Continaoos  Girder  of  Two  Equal  Spaas.  Unifonnly  Distributed 
Load  Over  Each  Span. 

^      ,.      ,     ..      2XbXi'XA*  .    . 

Breakmg-load  t -» -, (13) 

where  b  denotes  the  breadth  and  d  the  depth  of  the  girder  in  inches,  and  /  the 
length  of  one  span,  in  feet.  The  values  of  the  constant  A  are  three  times  the 
values  given  in  Table  II,  page  628.  For  long-leaf  yellow  pine,  301;,  for  Douglas 
fir  and  chestnut,  153;  and  for  spruce  and  white  pine,  117  lb  per  sq  in,  are  rec- 
ommended for  the  values  of  ^1  in  these  formulas. 

Continuous  Girder  of  Two  Equal  Spans.  Concentrated  Load  at  the  Middle  of 
Bach  Span. 

Breakmg-load  «  ^  X -. (24) 

Continuous  Girder  of  Three  Equal  Spans.  Uaifoniily  Districted  Load  Over 
Each  Span. 

Breaking-load  -  % X  ^^"^^"^  (as) 

Continuous  Girder  of  Three  Equal  Spans.  Concentrated  Load  at  the  Middle 
of  Each  Span. 

n      I  •      1     J     «/      bxd^XA  ,  .. 

Brcakmg-load  -  %  X (26) 

*  See  Table  I.  page  557,  for  sale  fiber'StresMt. 

t  Breaking-load  in  pounds  in  aU  cases.      ^  . 
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SnvFMESS.  Coatmnoos  Girder  of  Two  Equal  Spans.  Uniformly  Distributed 
Load  Over  Bach  Span. 

The  following  fonnulas  give  the  loads  which  the  beams  will  support  without 
deflecting  more  than  one-thirtieth  of  an  inch  per  foot  of  span. 

Load  on  one  span  «  — - — --  (a?) 

0.26  X/« 

Coatfamous  Girder  of  Two  Bqnal  Spans.  Concentrated  Load  at  the  Middle  of 
Bach  Span. 

Load  on  one  span  -  *%  X (28) 

Contisnoas  Girder  of  Three  Equal  Spans.  Uniformly  Distributed  Load  Over 
Each  Span. 

Load  oi>  one  span  =•  —  (29) 

0.33  X  /«  ^' 

Continuous  Girder  of  Three  Equal  Spans.  Concentrated  Load  at  the  Middle 
of  Each  Span. 

Load  on  one  span  «  *%i  X  yp^  (30) 

The  value  of  the  constant  ft  is  obtained  by  dividing  the  modulus  of  elas- 
Ticrrv  by  12  960;  and,  for  the  three  woods  most  commonly  used  as  beams,  the 
folbwing  values  may  be  taken: 

Loog'leaf  yellow  pine,  116;  white  pine,  77;  spruce,  92;  Douglas  fir,  116. 
(For  other  woods,  see  Table  I,  page  664.) 

For  Continuous  Steel  Beams  the  requisite  size  may  be  fotmd  by  first  com- 
puting the  UAXiMUM  BENDING  MOMENT,  by  means  of  Formulas  (12)  to  (15), 
and  then  selecting  a  beam  tliat  has  a 

3  X  maximum  bending  moment  in  ft-lb  ,    , 

SECTION-MODULUS  « ■  (31) 

4000 

Values  for  the  section-moduli  for  the  different  shapes  of  rolled  steel  used  as 
beams  are  given  in  the  tables  in  Chapter  X. 

Example  x.  What  steel  beam  should  be  used  to  support  two  loads  of  i6  ooo 
lb  each,  concentrated  at  the  middle  of  two  spans  of  lo  ft  each,  the  beam  being 
continuous? 

Solution.  Formula  (130)  gives  the  maximum  bending  moment  as  Me  Ply  or 
30  000  ft-lb.  Therefore,  from  Equation  (31),  a  beam  having  a  section-modulus 
equal  to  3  X  30  000/4  000  or  22.5  should  be  used.  From  the  Table  IV,  page 
iS5.  it  is  found  that  a  9-in  30-lb  fc>eam  has  a  section  modulus  of  22.6,  and  a 
lo-in  25-lb  beam  a  section  modulus  of  24.4.  Either  of  these  beams  will  there- 
fure  answer,  the  lo-in  beam  being  the  cheaper,  however,  and  also  the  stiffer. 

Rwmplr  a.  A  steel  beam  continuous  over  three  spans  is  required  to  support 
a  uniformly  distributed  load  of  x  000'  lb  per  lin  ft.  The  two  end-spans  are  12  ft 
each,  and  the  middle  span  10  ft.  What  should  be  the  size  and  the  weight  of  the 
beam  used? 

Solution.    The  maximum  bending  moment  is  found  by  Formula  (14),  and  is 

I  000  XX  000  4- 1  000  XI  738  ^ 

— —  ^  12630 


4(30+24) 
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The  section-modulus,  by  Equation  (31),  must  equal  3  X  12  630/4  000  -•  9.4.7; 
which  requires  a  7-in  15-ib  beam  (Table  IV,  page  355). 

If  the  beam  were  not  continuous  an  8-in  i84b  beam  would  be  required  fo| 
the  i2-ft  spans,  and  a  7-in  is-lb  beam  for  the  zo-ft  span. 

For  a  beam  of  two  equal  spans,  loaded  uniformly,  the  strength  is  the  same  a..i 
though  it  were  not  continuous. 

The  formulas  given  for  the  reactions  at  the  supports,  and  for  the  deflection  rj 
of  continuous  girders  with  concentrated  loads,  were  verified  by  Mr.  Kidder  b^^ 
means  of  careful  experiments  on  small  steel  bars.  The  remaining  formula^ 
were  verified  by  comparing  them  with  the  formulas  of  other  authorities  wherc^ 
it  was  possible  to  do  so.  In  regard  to  some  of  the  cases  given  the  author  ha 2^ 
never  seen  any  discussion  of  them  in  any  work  on  the  subject. 

7.   Continuous  Girders  in  Grillage-Foundations 

Grillage-Beams  Considered  as  Inverted  Contiauoiu  Girders.  As  stated  in 
the  beginning  of  this  chapter,  continuous  cisnElts,  as  such,  are  seldom  used  in 
building-construction,  although  their  employment  in  grillage-beam  footings  is  f  re- 


,^L. 


iJ^ 


Uilllllillliiiililiiililillliii. 

Fig.  3.    Continuous  Girder  in  Grillage-foundation 


Fig.  4.    Shear-diagram  and  Bendiag-moment  Diagram 

quent.  Fig.  3  represents  a  footing  consisting  of  two  layers  of  beams,  which  dis- 
tribute the  load  of  the  three  columns  above,  uniformly  over  the  foundation-bed. 
By  inverting  the  footing  the  three  columns  become  the  supports  or  reactions,  and 
the  upper  layer  of  beams,  a  continuous  girder,  loaded  with  a  uniformly  distrib- 
uted load  which  is  the  pressure  of  the  lower  l^yer.    As  in  practice  the  coluom. 
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bads  are  never  equal,  and  the  disUnee  between  the  ooltimns  addom  equal,  U 
is  necessary  to  project  the  continuous  girder  beyond  the  most  heavily  loaded 
cohmin  in  order  to  insure  a  uoiforip  pressure  upon  the  lower  layer.  Because 
of  these  limitations  none  of  the  formulas  previously  deduced  can  be  applied, 
althoi^  the  pfinciples  upon  which  they  are  based  hold  ^ood. 

MsTJnwim  Bendinc  Moment.  Since  the  REAcnoi^S  in  this  case  are  the  given 
column-loads  it  is  required  first  to  find  the  maximum  bending  moment.  From 
what  has  already  been  said  about  continuous  girders,  it  is  evident  that  the 
point  of  maximum  bending  mommt  may  be  under  columns  i  or  2,  or  between 
the  columns.  Since  the  maximum  bending  moments  are  the  points  oy  NO 
SHEAR,  construct  the  s^eak-piagram,  find  where  the  shear  passes  through 
TCTo,  and  calcubte  the  bending  moments  at  these  poTnts.  The  maximum  bend- 
ing moment  is  determined,  as  in  examples  i  and  2,  in  order  to  determine  the 
SECTION-MODULUS  of  the  ^jlrder. 

Example  3.  The  continuous  girder  under  columns  i,  2  and  3  (Fig.  3)  is 
33  U  long;  the  overhang,  to  the  left  of  column  i,  6.35  ft;  the  distance  between 
columns  x  and  2,  13.13  ft;  between  columns  2  and  3,  12,88  ft;  and  from  column 
3  to  the  right  edge  o(  the  girder,  .75  ft.  The  column-loads  are  as  follows:  on 
column  I,  565  tons;  on  column  2,  600  tons;  and  on  column  3,  255  tons. 

The  column-loads  may  be  considered  uniformly  distributed  over  parts  of  the 
girder  by  the  basee^  which  are  3  ft  wide  under  columns  i  and  2  and  x8  ia  wide 
under  cobimn  3-  The  vmi  rRgacuan  under  oolunm  i,  therefore,  ia  365/3  -> 
188.3  tons;  under  colunm  2,  600/3  «  200  tons;  and  under  colunm  3,  355/ x.s 
« 170  tooft.  The  unit  pressure  uzKier  the  continuous  girder  is 
(565  +  600  +  25s)/53  -  43  tons 

The  first  step  in  the  calculation  of  the  girder  is  the  determination  of  the 
POINTS  07  no  $B£Aii  and  the  plotting  of  the  sh^ar-diagrav  in  Fig.  4.  It  is 
obvious  from  the  shear-diagram  that  there  are  four  points  of  no  shear  and  con- 
sequently four  pninti  of  FOsanft.g  maxhcum  benqino  moment.  Th«  first  of 
these  is  under  column  i,  the  second  between  columns  x  and  3,  the  third  under 
Golunm  3  and  the  fourth  \between  cohmms  3  and  3.  The  bending-moment 
^agram  is  shown  by  the  sofid  curved  Kne  in  Fig.  4.  The  points  of  contra- 
flexure  or  no  bending  moment  are  the  intersections  of  this  line  with  the  hori* 
zontal  Une  of  reference. 

The  srear-dzagxam,*  shown  by  the  broken  line  hi  Fig.  4,  may  be  constructed 
as  follows: 

^xt -  +  43  tons  per  ft  X  (6.35 -  1.5  =  475  ft)  -  +  304.35  tons 

y%  -(+43  Wn^vc  ftx6.as  it)  -56S/9  tQns-*+.a68,75-*  »8a^ 
-—13.75  tons 

ThAe  shows  that  «i,  the  pomt  of  no  shear,  Hes  between  points  i  and  2.  To 
fiad  thia  point  let  y  he  Hs  dhtanoe  beyond  or  to  the  right  of  point  1.  Then^ 
the  EQUATION  lOR  NO  SHEAR  is  43  tous  X  (4.75  ft  +  y  ft)  <-  1 88.3  X  y,  QT  204.95 
+  439"  188^  y,  from  which  145.39-  204^5  and  y^  x^  Ct:  hence  «v  the 
fiMST  VDIMT  Of  VQ  SMfiAS,  is  4.7S  H  +  1.4  ft,  or  6.X  It  fcom  the  left  end4 

The  second  point  Ot  vo  8HgA««  «i^  is  such  a  disUnob  from  the  left  end  that 
the  DOWNWARD  SHEARiNG-roRCB  of  565  tous  from  column  I  is  neutralized  by 

*  The  upward  forces  are  here  called  plus  or  positive  and  the  downward  forces  minus 
or  amative. 

t  K|  b  taken  at  point  x,  the  left  edge  of  base  of  Column  i,  Vt  at  point  a,  at  the  axis  of 
Column  3,  etc. 

t  The  following  computations  ax«  carried  out  to  one  decimal-place,  only,  the  nearest 
apptoximate  values  being  used. 
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an  equal  upwakd  sheabing-fokce  of  43  tons  per  ft  an  jpb  ft  Hence  xi »  565/43 
-  X3.1  ft. 

V#  «  +  43  Ions  per  ft  X  1(6.25  +  13.12  -  1.5)  -  i7  9  ftl  -  5*5  tons 

-  769,7  -  565  -  +204.7  tons 

^^»  -  +  43  tons  per  ft  X  (6.25  +  13.12  -  19.4  ft)  -  (565  +  600/2  tons) 

-  +  834.2  —  865  tons  -« —  30.8  tons 

This  shows  that  the  ihtxd  point  op  no  shear,  x»,  Ues  between  6  and  7.  Let 
y  be  its  distance  to  the  right  of  point  6.  The  equation  for  no  shear  at  this 
point  is  43  tons  X  (17.9  ft  +  y  ft)  -  565  tons  +  (200  tons  X  y  ft),  or  769.7  +  43  y 
"  565  +  200  y.  from  which  157  y  -  204.7  ftod  y  -  1.3  ft.  Hence  x»,  the  thud 
POINT  OP  NO  SHEAS,  IS  17.9  ft  +  1. 3  ft «  19.2  ft  ffom  the  left  end. 

The  POUKTH  POINT  OP  NO  SHEAB,  JC4,  is  such  distance  from  the  left  end  that 
the  DOWNWARD  SHEAXING-PORCE  of  columns  I  and  2,  amounting  to  565  +  600 
or  1165  tons,  is  neutralized  by  an  equal  upward  shearinc-porce  of  43  toos 
per  ft  on  X4  ft    Hence  j(4  -  i  165/43  -  27.1  ft. 

Having  found  the  points  of  no  shear,  the  bending  uouent  at  these  points 
may  now  be  determined. 

if  at  xi  -  43  tons  X  6.1  ft  X  6.1/2  ft  -  188.3  tons  X  1.4  ft  X  1-4/a  ft 
-  +  61 5.5  ft-tons 

if  at  «i «  43  tons X  131  ft  X  i3-i/2  ft-  565  tons X  6.8  ft  -•  -  1524  ft-tons 

if  at  41  -  43  tons  X  193  ft  X  192/2  ft- 565  tons  X  12.9  ft- 200  Tx  1.3  ft 
X  1.3/2  -  +  467  ft-tons 

if  atX4«43  tonsX27.i  ft  X  27.1/2  ft- 565  tons X  20.8  ft  -  600  tons 
X  7.7  ft  -  -  582.2  ft-tons 

The  MAXIMUM  BENDING  MOMENT  therefore  is  at  xi  and  equals  6is-5  ft-tons*  or 
I  231  000  ft-lb.    Substituting  in  Formula  (31),  the  section-modulus  is  found 

to  be 923.2,    The  following  beams  ooukl  be  used,  as  far  as 

4000 

flexure  is  concerned.    For  investigations  of  the  resistance  of  the  girders  to  web- 
buckling  or  crippling,  see  Chapter  II,  pages  182  to  184.  and  Chapter  XV, 
P««cs  567  to  569^ 
Four  standard  24-in  i  lo-Ib  I  beams,  section-modulus  of  each,  240.3  (page  354) 
Three  Bethlehem  30'in  120-lb  I  beams,  section-modulus  of  each,  349.3  (page 

357) 
Three  Bethlehem  24-in  140-lb  girder-beams,  section-modulus  of  each,  350.x 

(page  3S8) 
Two  Bethlehem  28-in  i8o-lb  girder-beams,  section-modulus  of  each,  518.9 

(pa«c  358) 
The  28*in  and  30-in  beams  are  stiffer  than  the  24-in  beams,  have  a  smaller 
total  amount  o£  steel  and  cost  less  than  the  others  for  the  number  of  beams 
required. 

*  The  bending  moments  at  Xi  and  x*  have  very  nearly  the  same  numerical  values,  and 
in  the  otmipuUtions  the  retaiamg  or  dropping  of  figures  in  the  second  dedmal'place  may 
change  the  result  and  make  the  value  at «« slightly  greater  than  at  »i. 
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CHAPTER  XX 
RIVETED  STEEL  PLATE  AND  BOX  GIBDEBS 

By 
CHARLES  P.  WARREN 

ASSZSIAMT  FSOTESSOa  OF  ABCIUTECl'UKE,  COLUMBIA  UNIVESSITT 

1.  General  Notes  on  Plate  and  Box  Girders 

Types  of  Riveted  Girders.  Girders  built  up  of  plates  and  angles,  as  shown 
in  section  in  Figs.  1  to  4,  are  extensively  used.  This  is  undoubtedly  owing  to 
the  simpGdty  of  their  construction,  to  the  comparatively  low  cost  of  the  shapes 
of  which  they  are  fabricated  and  to  their  adaptability  to  any  arrangement  of 
loads  or  to  any  span  for  which  girders  are  usually  required.  Riveted  girders, 
however,  are  seldom  made  for  spans  greater  than  6o  ft  and  are  seldom  more 
than  6  ft  in  depth.  The  most  conmion  forms  of  these  girders  are  shown  in 
Figs.  2  and  4. 


I 


r«.l  Fig.  2  Fig.  3  Fig.  4 

Types  oi  Riveted  Giidea 

The  girders  with  a  single  vertical  plate  called  the  web  are  usually  called 
PLATE  GiaoERSy  and  those  with  double  or  triple  webs,  box  gikoers.  Plate 
girders  are  more  economical  than  box  girders,  and  more  accessible  for  painting 
and  inspection;  but  box  girders  are  stiff er  laterally  and  should  always  be  used 
where  great  length  of  span  requires  wide  flanges.  In  general,  it  may  be  said 
that  plate  girders  should  be  used  to  support  floor-beams  and  floor-arches  and 
walls  not  over  X2  in  thick,  and  that  box  girders  should  be  used  where  a  flange- 
width  greater  than  1 2  in  is  required.  The  girder  shown  in  section  in  Fig.  1  has 
no  flange-plates  and  should  be  used  only  for  comparatively  light  loads  and  short 
spans,  and  never  to  support  masonry. 

Flange  and  Web.  The  term  vlange,  as  applied  to  riveted  girders,  includes 
all  the  metal  in  the  top  or  bottom  parts  of  the  girder,  exclusive  of  the  web-plates.* 
The  DEPTH  of  a  riveted  girder  is  the  distance  between  the  centers  of  gravity  of 
the  flanges;  but  in  practice  this  is  usually  taken  as  the  depth  op  the  web- 
plate,  and  the  word  will  be  so  used  in  this  chapter.  The  top  and  bottom  of 
the  flange-angles  extend  H  in  beyond  the  top  and  bottom  of  the  web-plate. 
(See  the  figure  in  Table  IV,  page  706.)    Stiffenees  are  short  pieces  of  angles 

*  This  may  be  modified,  however,  as  some  engineers  include  one-sixth  of  the  web-area 
m  the  elective  flange-area.    See,  abo,  Flange-Area  in  the  examples  of  this  chapter. 
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riveted  to  the  web  at  intervals,  to  keep  it  from  duckling.  They  should  fit 
closely  against  the  horizontal  flanges  oC  the  flange-angles,  and  should  always 
be  used  at  the  supports  and  under  concentrated  loads. 

Depth  and  Width  of  Girders.  The  depth  of  a  riveted  girder  may  vary 
from  one-tenth  to  one-fifteenth  or,  in  exceptional  cases,  one-sixteenth  the  span. 
The  greatest  economy  of  material  is  said  to  be  obtained  when  the  depth  is  one- 
twelfth  the  span.  Thus  for  a  36-ft  span  a  3-ft  girder  should  be  used  if  the 
conditions  will  permit;  but  the  least  depth  should  be  M»  of  36,  or  about  2  ft 
5  in  or,  in  exceptional  cases,  He  of  36,  or  2  ft  3  in.  A  girder  is  said  to  have  its 
ECONOMIC  DEPTH  when  the  amount  of  material  in  the  flanges  is  equal  to  that 
in  the  web,  and  there  are  no  cover-plates.  The  rule  hoUs  approximately 
when  there  are  cover-plates. 

The  Width  of  the  Top  Flange  should  not  be  less  than  one-twentieth  the 
distance  between  lateral  supports;  or  if  there  are  no  lateral  supports,  then  not 
less  than  one-twentieth  the  span. 

Arches  Between  Girders,  or  floor-beams  riveted  to  the  sides  of  girders,  may 
be  considered  as  lateral  supports. 

2.  Details  of  Construction  of  Plate  and  Box  Girders* 

General  Requirements  for  Plate  and  Box  Girders.  The  following  re- 
quirements are  those  which  must  be  generally  satisfied  in  the  design  of  riveted 
girders. 

( i)  All  the  connections  and  details  of  the  several  parts  shall  be  of  sudi  strength 
that,  upon  testing,  rupture  shall  occur  in  the  body  of  the  members  rather  than 
in  any  of  their  details  or  connections. 

(2)  In  members  subject  to  tensile  stress  full  allowance  shall  be  made  for  the 
reduction  of  the  section  by  the  rivet-holes. 

(3)  The  webs  of  plate  girders^  when  they  cannot  be  obtained  in  one  length, 
must  be  spliced  at  all  joints  by  a  plate  on  each  side  of  the  web. 

(4)  Tees  must  not  be  used  for  splices. 

(5)  Stiffeners  shall  be  used  at  the  ends  of  all  girders,  wherever  there  are  con- 
centrated loads,  and  elsewhere  when  the  shearing-stress  is  greater  than  the 
resistance  to  buckling. 

(6)  The  prrcH,  that  is,  the  distance  between  centers  of  rivets,  shall  not  ex- 
ceed 6  in,  nor  t6  times  the  thickness  of  the  thinnest  outside  plate,  and  it  shall 
not  be  less  than  2H  in  for  ^-in  rivets,  or  2H  in  for  Ji-in  rivets,  in  a  strai^t 
line. 

<7)  The  rivets  used  should  be  9<  in  in  diameter  for  plates  from  H  to  H-in 
thick,  and  H  in  in  diameter  for  plates  of  greater  thickness. 

(8)  The  distance  between  the  edge  of  any  piece  and  the  center  of  a  rivet- 
hole  must  never  be  less  than  iH  in. 

(9)  In  PUNCHING  plates  or  other  members,  the  diameter  of  the  die  shall  in  no 
case  exceed  the  diameter  of  the  punch  by  more  than  He  in. 

(to)  All  rivet-holes  must  be  so  accurately  punched  that  when  the  several 
parts  forming  one  member  are  assembled,  a  rivet.  He  in  less  in  diameter  than 
the  hole,  can  be  inserted,  hot,  into  any  hole  without  reajono  or  stressing  the 
metal  by  the  use  of  drift-pins.  ' 

(11)  The  rivets  when  driven  must  completely  fill  the  holes. 

(12)  The  RIVET-HEADS  must  be  hemispherical,  except  where  flush  surfaces 
are  required,  and  of  uniform  size  throughout  for  rivets  of  the  same  sise.  They 
must  be  full  and  neatly  made,  and  be  concentric  with  the  rivet-holes. 

*  These  requirements  are  taken  laigely  from  Btrkmire's  '^Compofuad  Rhreled  Girden." 
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(13)  Whenever  possible,  all  rivets  must  be  hachine-oriven. 

(14)  The  several  pieces  forming  one  built  member  must  fit  closely  together, 
and,  when  riveted,  must  be  free  from  twists,  bends  or  open  joints. 

(15)  Girders  60  ft  and  less  in  length  seldom  require  splicing,  as  the  plates  and 
angles  can  readily  be  obtained  in  such  lengths.  In  splicing  the  top  flange, 
when  of  two  or  more  thicknesses,  no  additional  cover-plate  will  be  required 
over  the  joint,  but  the  ends  should  be  planed  true  and  butt  closely.  The  rivets 
should  be  spaced  closer  near  the  joint. 

(e6)  The  plate  covering  the  bottom  flange  must  be  of  the  same  area  as  the 
plates  joined,  and  of  suflSdent  length  to  take  a  number  of  rivets  equal  to  the 
strength  of  the  cover-plate. 

S.  Design  of  Plate  and  Box  Girders 

The  Principal  Steps  in  the  Design  of  Riveted  Girders.  In  designing 
a  riveted  girder  to  sustain  with  safety  a  given  load,  the  f&llowing  steps  are  neces- 
sary: 

(i)  The  determination  of  the  required  flange-area. 

(2)  The  determination  of  the  thickness  of  the  web  to  resist 

{a)  Shearing, 

{b)  Buckling.    This  step  also  determines  whether  or  not  stiffeners  are 
necessary.  • 

(3)  The  determination  of  the  number  and  pitch  of  the  rivets. 

(4)  The  approximate  weight  of  the  girder. 

(5)  The  determination  of  the  length  of  the  flange-plates  when  more  than  one 
b  required  for  each  flange. 

(x)  The  Flange^Area.  In  determining  the  flange-area  of  riveted  girders, 
it  is  customary  to  assume  that  the  bending  moments  are  entirely  resisted  by  the 
upper  and  lower  flanges,  the  web  being  asstmied  to  resist  the  shear  only.  Just 
what  should  be  included  in  the  flange-area  is  a  question  on  which  engineers  differ. 
Some  include  the  flange-plates  and  angles  and  one-sixth  of  the  web-area,  others 
the  flange-plates  and  angles  only,  while  others  include  the  flange-plates  and  only 
the  horizontal  legs  of  the  angles,  the  vertical  legs  being  considered  as  belonging 
to  the  web.  In  compression-flanges,  usually  the  upper  ones,  the  gross  section- 
area  may  be  taken,  provided  the  rivets  are  machine-driven  and  fill  completely 
the  holes;  but  in  tension-flanges,  usually  the  lower  ones,  the  net  area  is  taken, 
that  is,  the  gross  area  minus  the  area  of  the  greatest  number  of  rivct-holcs  in 
any  cross-section,  since  the  stresses  of  tension  are  not  transmitted  through  the 
rivets  as  are  those  of  compression. 

A  general  formula*  for  deteriiining  the  flange-area,  which  applies  to 
all  conditions  of  loading  is 

Area  of  one  flange  maximum  bending  moment  in  foot-tons 

in  square  mches      depth  of  web  in  feet  X  safe  unit  flber-stress  in  tons 
or 

A  -  A/max/i5  (i) 

•  This  may  be  derived  from  what  fa  sometimes  called  the  PLATE-ottDER  forihtla, 
ifMs  »  SAd,  in  whkh  .9  is  the  safe  unit  bending-«trc9S  in  the  flange  at  the  section  of 
maxiaiam  bending  moment,  i4  is  the  area  of  the  cross-section  of  either  flange  and  d  is  ap- 
proximately the  depth  of  the  girder.  Of  course  the  units  must  be  the  same  in  both  mem- 
bets  of  the  equatioo.  If  the  center  of  moments  is  taken  at  the  center  of  gravity  of  the 
aas»4ection  of  either  flange-area  and  if  the  area  of  metal  resistiog  bending  is  considered 
to  be  coocentiated  in  the  flanges,  the  depth  of  each  being  very  small  compared  to  that 
of  the  girder-depth,  then  5i4  is  the  total  horizontal  stress  in  either  flange,  d  its  lever- 
ann  and  SAd  the  miatit^  momeBt  of  the  crosa^ection,  equal  to  If  mu.    Hence  A  - 
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Rules  for  finding  the  maximum  bending  moment  for  different  conditions  q( 
loading  are  given  in  Chapter  IX. 

S,  the  SA7E  UNIT  FIBER-STRESS  FOR  FiANGE-BENDiNG,  is  taken  at  from  13  ood 
to  16  000  lb  per  sq  in,  the  tables  in  the  manufacturers'  handbooks  giving  the 
safe  loads,  etc.,  for  riveted  girders,  varying  in  regard  to  this  stress.* 

If  it  b  required  to  compute  the  safe  uniformly  distributed  IjOad  for  a 
girder  already  constructed  or  designed,  the  following  formula  f  may  be  used. 
The  safe  load  in  pounds,  uniformly  distributed  is 

8  X  net  area  of  bottom  flange  X  depth  in  ft  X  5' 
span  in  feet 
or 

W'SAdS/l  (2) 

From  the  result  the  wd^ht  of  the  girder  itself  should  be  subtracted. 

For  the  safe  concentrated  load  at  tee  middle  of  the  span  take  one-half 
the  result  obtained  by  formula  (3)  and  subtract  the  weight  of  girder.  (See 
Case  IV,  page  336.) 

(2)  The  ThickneM  of  the  Web.  The  thickness  of  the  web  is  detemuncd 
by  its  resistance  to  v'Ertical  shearing.  Whether  or  not  stiffeners  shall  be  used 
is  determined  by  the  resistance  of  the  web  to  buckung. 

(a)  Shearing.  To  resist  the  vertical  shear  the  net  sectional  assa  of  the 
web  in  square  inches  must  be 

the  maximum  vertical  shear 
A ^^ 

or 

A  -  KmaK/5  (3) 

V  and  S  being  both  in  tons,  5  is  taken  at  10  000 1  lb  or  5  tons  per  sq  in.  (See 
Table  II,  page  703.) 

The  MAXIMUM  vertical  shear  in  any  beam  or  girder  is  at  the  greater  reaction 
and  is  equal  to  it. 

For  a  girder  supported  at  both  ends  and  imiformly  loaded  with  a  load  W, 
the  maximum  vertical  shear  is 

Vrmx'W/2 

For  a  girder  supported  at  both  ends  and  loaded  at  the  middle  with  a  load  P, 

rma,-P/3 
For  a  girder  supported  at  both  ends  and  loaded  as  in  Fig.  7, 

For  a  girder  supported  at  both  ends  and  loaded  with  two  equal  concentrated 
loads  P,  P,  equally  dbtant  from  the  middle,  as  in  Fig.  8, 

Kmax  =  P  -  ^x  -  ^j 

For  combinations  of  loads  the  maximum  vertical  shear  will  equal  the  greater 
reaction.  The  method  of  determining  the  reactions  at  the  suHX>rts  of  a  beam 
or  girder  is  given  in  Chapter  IX,  Subdivision  i.    The  vertical  shearing- 

*  See  Chapter  XV,  paragraphs  relating  to  riveted  single  and  douUe-beam  girders  and 
foot-note  with  same,  pages  603  and  604. 

t  From  Formula  (x)  just  explained,  and  from  Case  V,  page  3>6,  If  mm  *«  SAd  and 
Afm»  -  Wl/%.    Hence  Wl/8  -  5i44f  and  FF  »  8  AdS/l. 

X  This  is  a  conservative  value.  The  Carnegie  Pocket  Companion  and  the  buHding 
]a!ws  of  most  cities  permit  10  000  lb  per  sq  in  for  steeL 
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F«8. 5  to  9.    Dugnms  for  Vertical  Sbeais  for  pifferent  Loadings 

«ft  of  that  section,  forces  acting  upwards  being  conadered  as  plus,  and  those 
*<*nag  downwards  being  considered  as  minus. 

Thus,  in  the  case  of  the  beam  shown  in  Fig.  9,  the  reaction  Ri  will  be 
™««li  by  the  method  explained  in  Example  2»  page  323,  and  by  Formulas  (2) 
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and  (3),  page  $2$,  to  be  150  lb,  and  that  at  Jtt  to  be  140  lb.  The  al|ear  M  vari- 
ous sectioai  Hiay  be  found  by  applying  the  focegoing  definitkm  of  vutneAL 
SHEAR,  thus: 

Shear  at  iC  f«  +  x$o  -  so  « r^  xpo  lb 

Shearat  F-  +  i50-so-8e-  +  20  l^ 

Shear  at  Z  -  +  150  -  50  —  8e  —  100  v  ««>  80  lb 

Shear  at  O  -  +  150  -  50  -  80  -  100  -  60  -  -  140  lb 
The  manner  in  which  the  vertical  shear  varies  between  the  supportjt  under 
di£Ferent  dispositions  of  the  loads,  is  shown  graphically  by  the  hatched  areas  in 
Figs.  5  to  9;  in  the  first  three  cases  W  and  P  are  assumed  to  have  the  same 
value. 

When  the  load  is  uniformly  DiSTRiBUtf4>  the  virtical  shear  can  be  found 
graphically  by  laying  off  vertically  Ri  and  J^s  to  a  scale  of  pounds,  and  drawing 
the  line  ab,  Hg.  5.  The  shear  at  X  will  then  be  represented  by  the  ordinate 
Xi  and  the  shear  at  V  by  Yi,  and  they  can  readily  be  scaled. 

(b)  Budding.*  The  safe  resistance  of  the  web  to  QycKLiNG,  in  poyads  per 
square  inch,  may  be  determined  by  the  formula 

3000 1" 

in  which  56  is  the  safe  buckling  value  in  pounds  per  square  inch,  d  is  the  depth 
of  the  web  in  the  dear  between  flange-plates  in  inches  and  /  is  the  thickness  of 
the  web  in  inches.  When  this  resistance  is  less  than  the  uinT  stress  for 
vertical  shear  at  any  section,  stiffeners  must  be  used. 

StiflFeners.  These  should  be  made  of  angles,  not  less  than  iH  by  3H  by  H 
in  in  size.    They  should  always  be  tightly  fitted  between  the  jange-angles,  so 

as  to  support  the  horizontal  flanges.  In 
order  to  bring  the  stiff eners  in  contact  with 
the  web  and  the  vertical  leg  of  the  angles, 
FILLERS,  of  the  same  thickness  as  the 
flange-angles,  are  generally  used,  as  shown 
in  Fig.  10.  Where  there  are  several  girders 
exactly  alike,  something  inay  be  saved  by 
omitting  the  fillers  and  bending  the  stip> 
FENERS,  as  shown  in  Fig.  H.  This  bend- 
ing, however,  can  be  done  properly,  only 
by  the  use  of  special  dies,  and  costs  more 
than  the  fillers  imlesi  there  are  many 
Fig.  10.  Stiffener,  Fig.  11.  Bent  «t'^^"«^-  The  SPACING  OF  stJFFENERS  is 
with  Fillers  Stiffcncra        ^^^^  *  matter  of  judgment  and  experience 

than  of  exact  calcuUtion.  Shear -diagrams, 
shown  in  Figs.  5  to  9,  are  of  great  assistance  In  visualizing  shearing-stresses. 
The  general  rule  is  to  place  the  stiffeners  not  farther  apart  than  the  depth  of 
the  full  web-plate  on  girders  over  3  ft  in  depth,  with  a  maximum  spacing  of  5  ft. 
On  girders  under  3  ft  in  depth  they  are  placed  3  ft  apart.  Girders  2  ft  and  less 
in  depth  require  no  stiffeners.  On  girders  supporting  distributed  loads  they  are 
generally  placed  nearer  together  at  the  ends  than  towards  the  middle. 

*  SfQ  Tablfl  in,  page  705.  and  alio  in  Chapter  XV,  the  paiagrapha  and  foot^aote, 
pages  567  to  569.  relating  to  the  webJnickling  of  boanu  and  girden*  Tke  fofiiku)% 
ustd  for  web-buckling  in  Table  III,  page  70$,  is  the  (oreiula  that  was  used  in  tbe  Pae^ic 
Steel  Company's  Manual,  and  as  the  values  connpqted  by  it  vary  but  little  from  thoie 
deduced  by  the  Cambria  fonnula  (see  page  568).  Table  III  b  retained  as  It  b. 
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Stiffenen  should  always  be  placed  at  the  ends  of  girders  and  directly  over  the 
edge  of  each  support,  as  shown  in  Fig.  18,  and  wherever  there  are  concentrated 
kxids.  On  plate  girders  the  stififeners  are  always  placed  on  each  side  of  the  web; 
on  box  girders  on  the  outside  only. 

The  Beaxiac  of  Girders.  This  depends  somewhat  upon  the  character  of  the 
loading,  but  a  safe  general  rule  is  to  make  the  bearing  of  the  girder  beyond  the 
edge  of  the  support  equal  to  one-half  the  depth  or  the  cntDEft. 

(S)  The  Nttinber  and  Pitch  of  the  Rivets,  (a)  Rivets  hi  Web-Legs  of 
Andea.  It  will  readily  be  seen  that  when  a  plate  or  a  box  girder  is  loaded,  the 
tendency  of  the  bending  moinents  is  to  cause  the  flange-plates  and  angles  to 
SLIDE  HORIZONTALLY  past  the  web;  this  tendency  is  resisted  by  the  rivets 
which  connect  the  angles  with  the  web.  The  total  amount  op  this  tendency 
TO  SLIDE,  called  the  horizontal  flange-stress,  between  any  section  of  the 
flange  and  the  nearer  end  of  the  girder,  is  equal  to  the  bending  moment  at 
that  point  divided  by  the  depth  of  the  web.*  The  total  number  of  rivets 
between  that  section  and  the  nearer  end  must  be  such  that  their  combined 
resbtance  to  shearing  or  bearing,  whichever  has  the  lower  value,  shall  equal 
this  hocixontal  flange-stress  at  the  section;  or 

,    .  horizontal  flange-stress  ,  ^ 

number  of  nvets  «  r — -. r — -. : — -  (5) 

bearing  or  shearmg  of  one  nvet 

and  the  total  number  of  rivets  in  the  web-angle  from  end  to  end  is  twice  this,  or 

2  X  maximum  bending  momentf  in  foot-pounds    ,^^ 

total  number  of  nvets -»         ■  ■■  ■      ■    ■-    (6) 

depth  of  web  in  feet  X  least  resistance  of  one  rivet 

If  the  NUMBER  of  rivets  determined  by  formula  (6)  is  such  that  they  would 
be  more  than  6  in  apart,  then  the  number  must  be  increased,  as  in  no  case 
should  they  have  a  greater  pitch  than  6  in. 

(b)  Riveti  hi  Flange-Legs  of  Angles.  With  a  single  cover-plate.  For 
girders  with  a  single  cover-plate,  it  is  customary  to  put  the  same  number  of 
rivets  in  the  flange-leg  as  in  the  web-le^  for  a  distance  of  3  ft  from  the  ends  of 
the  girder,  staggering  the  rivets  as  in  Fig.  15.  Beyond  that  point  to  the 
middle  of  the  girder  one-half  the  number  of  rivets  will  be  sufficient,  provided  this 
will  not  give  them  a  greater  pitch  than  6  in. 

With  two  or  more  cover-plates.  When  two  or  more  cover-plates  are 
used,  each  plate  must  have  suflicient  rivets  between  the  end  of  the  plate  and  the 
point  where  its  resistance  is  required,  that  is,  for  example,  between  a  and  6, 
Ftg.  13,  to  transfer  to  the  angle  and  flange-plates  between,  an  amount  equal 
to  the  safe  strength  of  the  plate.  From  this  point  to  the  middle  point  of 
the  girder,  the  rivets  can  be  spaced  according  to  the  rule  for  the  greatest  pitch. 

(c)  Rivets  hi  StHfeners.  The  spacing  of  rivets  in  the  stiffeners  is  generally 
determined  by  the  rules  given  for  the  pitch  of  rivets.  Further  explanation  of 
the  method  of  determining  the  spacing  of  rivets  will  be  found  in  the  following 
examples. 

(4)  The  Appro^mate  Weight  of  the  Girder.  In  determining  the  size  of 
a  riveted  girder  to  support  a  given  load,  it  is  desirable  to  be  able  to  add  to  the 

*  See  Formula  (x),  page  683.  and  foot-note  relating  to  it.  M  ->  SAd,  and  hence 
54  «•  If /i.  SA  being  the  total  amount,  in  pounds,  of  the  tendency  to  slide,  and  5  being 
the  horixootal  unit,  flange,  fiber-stress  in  pounds  per  square  in,  due  to  flexure.  A  is  the 
area  in  square  inches  of  the  cross-section  oif  the  flange  and  d  is  the  approximate  depth  of 
the  girder. 

t  Because  the  maximum  horizontal  flange-stress  is  equal  to  the  msTimiim  bending 
\  divided  by  the  ghdez-dcpth,  or  SwaA  »  UmM./i^ 
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superimposed  load  the  weight  of  the  gudex  itself,  as  this  often  forms  a  con- 
siderable part  of  the  load  to  be  supported.  The  following  empirical  rule*  is 
often  used  to  determine  the  approximate  weight  of  a  plate  or  box  girder: 

Weight  of  girder  between  supports,  in  tons  *  Wl/700  (7) 

in  which  W  equals  the  load  to  be  supported,  in  tons,  and  /  equals  the  span,  in 
feet.  The  constant  700  was  determined  for  girders  of  from  35  to  50  ft  long,  but 
may  be  used  without  much  excess  for  girders  of  shorter  spans. 

(5)  The  Determination  of  the  Lengths  of  the  Flange-Plates.  For  the 
methods  used  to  determine  these,  see  the  following  examples. 

4.  Explanation  of  Tables 

The  Calculations'  for  the  Design  of  Riveted  Girders  may  be  greatly 
facilitated  by  the  use  of  Tables  I,  II,  III  and  IV  at  the  end  of  this  chapter. 

Table  I  gives  the  sectional  area  that  should  be  deducted  for  rivet-holes  in 
plates  of  different  thicknesses.  In  computing  thb  table  H  in  was  added  to  the 
diameter  of  the  rivet  to  allow  for  the  injury  to  the  metal  caused  by  punching 
and  also  to  allow  for  the  expansion  of  the  heated  rivet. 

Table  II  gives  the  safe  shearing  value  for  web-plates  for  various  depths  and 
thicknesses,  and  the  deduction  to  be  made  for  each  H-m  or  H-in  rivet. 

Table  m  gives  the  safe  resistance  to  buckling  per  square  inch  of  net  section, 
and  also  the  total  safe  resistance  in  pounds  for  the  more  common  sizes  of  web- 
plates,  with  two  rivet-holes  deducted.  It  is  very  seldom  that  any  vertical  sec- 
tion between  the  stiffeners  contains  more  than  two  rivet-holes.  Tables  giving 
the  dimensions  and  properties  of  angles  will  be  found  in  Tables  XI  and  XII, 
pages  362  to  367,  and  the  shearing  value  and  bearing  values  of  rivets  are  given 
in  Tables  II  and  III,  pages  41S  and  419. 

Table  IV  gives  the  elements  of  riveted  plate  girders  of  various  depths,  from 
which  it  is  possible  to  select  economical  sections  for  almost  any  ordinary  condi- 
tion of  loading. 

S.  Examples  of  Plate  and  Box  Girders 

Example  1.  It  is  required  to  support  the  floor  over  a  room  50  by  64  ft,  by 
means  of  riveted  steel  plate  girders,  placed  across  the  room,  16  ft  on  centers. 
The  room  above  is  to  be  used  for  general  assembly  purposes.  The  floor- joist  3 
are  of  wood  and  there  is  a  plaster  ceiling  on  the  under  side  of  them.  The  design 
of  the  girder  is  required. 

First  Step.  The  Load.  The  first  step  is  to  determine  the  load  to  be  supported 
by  each  girder.  The  floor-area  supported  by  each  girder  is  50  by  16  ft,  or  800  sq 
ft.  The  weight  of  the  floor-construction  between  the  girders  will  not  be  over 
35  lb  per  sq  ft,  and  an  allowance  of  100  lb  per  sq  ft  for  the  live  load  will  be 
ample.  The  unit  load,  125  Ibx  800 »  100  000  lb,  or  50  tons,  the  load  to  be 
carried  by  the  girder.  To  this  should  be  added  the  weight  of  the  girder  itself. 
Substituting  in  Formula  (7), 

the  approximate  weight  of  the  girder  -  • —  3.57  tons,  or  about  7  000  lb, 

700 

and  the  total  load,  in  round  numbers,  b  107  000  lb.    This,  of  course,  is  uni- 

formly  distributed. 

*  From  "  Compound  Riveted  Girders,"  by  W.  H.  Birkmire. 
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Second  Step.  The  Flange-Area.  The  next  step  is  to  determine  the  flange- 
irea.  Before  this  can  be  done,  however,  the  width  and  depth  of  the  girder 
mu>}  be  drcided.  As  it  is  desirable  to  keep  the  girder  as  shallow  as  possible. 
coo5i5leDt  with  good  engineering,  the  case  will  be  considered  an  exceptional 
one  and  the  depth  of  the  web- plate  will  be  made  36  in,  which  is  about  one- 
sixteenth  the  ^>an  and  a  little  less  than  the  usual  limit. 

^s  the  girders  are  braced  sidewise  by  the  floor-joists,  it  will  not  be  necessary 
tc  make  the  width  of  the  flange-plates  one-twentieth  the  span  of  the  girder, 
and  it  may  be  made  12  in  width.  The  flange-area  may  be  determined  by 
Foimula  (i),  page  683,  and  is 

A  -  AT ».x/iS 
or 

maximum  bending  moment  (ft-tons) 


flange-area  (sq  in)  « 


depth  of  web  (ft)  X  5  (tons  per  sq  in) 


The  maxiroum  bending  moment  for  a  uniformly  distributed  load  on  a  simple 
beam  is  J/nia>t  =»  Wl/S  (Case  V.  page  326),  or  in  this  particular  case,  53.57 
lonsX  50  ft/8  -  354.8  ft-tons. 

The  value  of  5  •  has  varied  in  the  handbooks  from  6  to  8  tons,  depending 
upon  varying  conditions  and  upon  the  judgment  of  engineers.  A  value  of  S 
of  7  tons  or  14  000  lb  per  sq  in  is  the  requirement  of  the  new  New  York  Building 
Code. 

Substituting  these  values  in  the  formula  gives  for  the  net  area  of  either  flange, 
334.8/3  X  7  -  16  sq  in. 

The  upper  flange  may  now  be  designed.  For  a  girder  of  this  size  and  loaded 
in  thb  way,  it  will  be  advisable  to  try  two  5  by  3^^  by  M»-in  angles,  with  the 
long  legs  horizontal.f  The  sectional  area  of  these  angles  (Table  XI,  page  363) 
is  7x36  sq  in  which  leaves  9  sq  in  for  the  area  of  the  flange-plates.  Dividing  this 
by  1 2-iii,  the  width  of  the  flange,  gives  94  in  for  the  total  thickness  of  the  plates, 
which  may  he  made  up  of  two  W-in  thick  plates.  Of  course,  any  other  combina- 
tion of  plates  and  angles  having  an  area  of  cros»-sectlon  of  16  sq  in  will  fulfill 
the  conditions  of  the  problem,  the  selection  in  all  cases  depending  upon  the 
judgment  and  experience  of  the  designer.  Note,  also,  that  no  part  of  the  web 
has  been  included  in  the  flange-area  although  it  would  be  safe  to  include  one- 
sixth  of  it.    This  also  u  a  matter  of  individual  opinion. 

As  the  lower  flange  is  in  tension,  the  rivet-holes  should  be  deducted  in  order 
to  obtain  the  net  area.  Assuming  that  94-in  diameter  rivets  are  used,  it  will 
be  noted  that  the  greatest  loss  of  section  is  by  two  rivet-holes  opposite  each 
other,  connecting  the  angles  with  the  plates  of  the  bottom  flange.  From  Table  I, 
page  702,  the  area  of  two  94 -in  rivets  in  a  94 -in  plate  is  1.31  sq  in,  and  in  a 
Mi-in  plate,  the  same  thickness  as  that  of  the  angles,  it  is  0.76  sq  in.  The  sum 
of  these  thicknesses  is  2.07  sq  in,  which  must  be  added  to  the  net  area  of  the 
upper  flange-plates,  16  sq  in,  making  18.07  sq  in  for  the  gross  area  of  the  lower 

*  See.  in  Chapter  XV,  paragraphs  and  foot-notes,  page  603,  relating  to  fiber-stresses 
tor  bending  for  riveted  beam  girders,  etc. 

t  For  the  flange-angles  of  plate  gkders  the  s  by  aH-in  siae  is  most  commonly  used, 
wboD  the  flange-plate  is  12  in  wide,  and  6  by  4-in  angles  when  the  flange-plate  is  over  i  a  in 
wide.  For  box  girders  s  by  4,  5  by  3H,  4  by  3H  and  3^  by  sH-in  are  common  sizes; 
wb2e  for  vexy  heavily  loaded  girders,  reqtiiring  two  rows  of  rivets  in  the  web-leg,  6  by 
6-ia  angles  are  often  used.  For  most  riveted  girders,  in  which  only  one  row  of  rivets  is 
required,  the  short  leg  is  riveted  to  the  web,  so  as  to  bring  most  of  the  material  as  far  from 
the  neutral  axis  of  the  girder  as  poisible.  The  minimum  thickness  of  flange-angles 
sfaookl  be  9i  in,  and  the  man'mtim  thickness  for  ordinary  loads  is  H  in. 
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flange-plates.    This  addttiooa]  area  may  be  obtained  by  increasing  tbe  tbick- 
ness  of  tbe  plates  to  H  in. 
Tbe  flanges  will  then  be  made  up  as  follows: 

Upper  flange:  Two  angles  s  by  3^  by  M«-in    -    7.06  sq  in.  gross  area 

Two  plates  12  by  H-in  »   9  oo|  sq  in.  gross  area 

Total  16.06  sq  in.  gross  area 


Lower  flange:  Two  angles,  5  by  3?-^  by  M«-in 
Two  plates,  la  by  >^in 
Total 


»  7.06  sq  In,  gross  area 
m  12.00  sq  in,  gross  area 
»  19.06  sq  in,  gross  area 


Third   Step.    The  Length   of   tbe  Flange-Plates.     To  determine  this  it  is 
necessary  to  plot  the  bending-moment  diagram  shown  in  Fig.  12.    The  bending- 


Fig.  12.    Diagrams  for  Bending  Moments  and  Vertical  Shears. 


moment  diagram  for  a  girder  under  a  uniformly  distributed  load  is  bounded  by 
a  parabola  having  a  height  over  the  middle  of  the  girder  equal  to  the  maximum 
bcndinp  moment.  From  the  middle  point  C,  of  a  horizontal  line  AB,  at  any 
convenient  scale,  lay  off  a  vertical  line  CD,  equal  to  the  maximum  bending 
morocni,  334.8  ft-tons.  Construct  the  parabola  ADB  (see  page  79);  then  the 
bending  moment  at  any  other  point,  as  £,  is  equal  to  the  ordinate  EF  above 
that  point,  measured  to  the  saoM  scale. 
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To  find  the  tbeoretiral  length  of  the  flange-plates  of  the  lower  flange,  inclose 
the  bending-moment  diagram  in  a  rectangle  and  from  any  convenient  poinf, 
such  as  C.  lay  off  any  line  CG,  equal  to  the  total  flange-area.  19  units  in  length, 
and  at  such  an  angle  that  the  upper  end  G  will  lie  on  a  horizontal  line  drawn 
through  D,  Divide  the  h'ne  CG  into  three  parts.  CH  representing  the  sectional 
area  ol  the  angles,  equal  to  7  units,  and  HI  and  IG  representing  the  sectional 
area  of  the  two  plates,  equal  to  6  units  each.  Draw  horizontal  lines  through 
H  and  /;  then  the  line  J  J  will  represent  the  theoretical  required  length  of  the 
second  or  upper  flange-plate  and  the  line  KK  the  length  of  the  first  or  lower 
flange^plate.  In  practice,  however,  the  plates  are  usually  extended  beyond  the 
points  J  and  K  on  each  side  as  an  additional  factor  of  safety,  a  distance  suffi- 
cient to  take  enough  rivets  to  transmit  at  least  one-third  the  resistance  of  the 
piate.  It  is  also  customary  to  make  the  first  or  lower  flange-plate  the  full 
length  of  the  girder  as  it  greatly  stiffens  the  angles  and  adds  but  a  small 
amount  to  the  cost.  Theoretically  the  length  of  the  flange- plates  of  the  top 
flange  would  be  less  than  the  length  of  the  plates  of  the  lower  flange,  because 
the  flange-area  of  the  top  flange  is  less  than  that  of  the  lower  flange;  but  they 
are  usually  made  the  same  length. 

Fourth  Step.  The  Web.  Webs  are  proportioned  to  resist  the  shear.  The 
maximum  shearing-stress  in  a  girder  uniformly  loaded  is  equal  to  either  reaction, 
which  in  this  case  is  one-half  the  total  load,  or  ss  S^o  lb.  As  the  girder  is  3  ft 
deep,  this  small  shear  would  require  a  very  thin  section,  thinner  than  the  min- 
imum thickness  for  webs,  which  is  H  in.  From  Table  II,  page  703,  it  is  seen 
that  the  shearing  resbtance  of  a  H  by  36-in  web-plate  is  135  000  lb,  which  is 
greatly  in  excess  of  the  actual  shear. 

Fifth  Step.  The  Stiffeners.  As  before  explained,  stiffeners  will  be  required 
whenever  the  vertical  shear  exceeds  the  safe  resistance  of  the  web  to  buckling. 
The  vertical  shear  is  53  500  lb  and  the  resistance  to  buckling  may  be  found  from 
Table  III,  page  705.  This,  for  a  H  by  36-in  web  with  two  94-in  rivets  is  found 
to  be  3 1  560  lb;  hence  stiffeners  wOl  have  to  be  used.  As  stated  under  Buckling 
of  Web.  page  686,  the  spacing  of  stiffeners  is  more  a  matter  of  judgment  and 
experience  than  of  exact  calculation,  and  for  this  a  shear-diagram,  also  shown 
in  Fig.  12,  b  of  great  assistance.  It  may  be  constructed  as  follows:  On  a 
horizontal  line  LM,  lay  off  to  any  convenient  scale  vertical  lines  LN  and  MP, 
each  representing  53  500  lb.  Connect  the  points  N  and  P;  then  the  vertical 
shear  at  any  point  is  equal  to  the  ordinate  at  that  point,  measured  to  the  same 
scale.  Thus,  at  Xi,  3  ft  from  the  left  end,  the  shear  is  47  500  lb,  at  Xt,  6  ft 
from  Lf  it  is  40  500  lb,  at  Xz,  9  ft  from  L,  it  is  34  000  lb  and  at  Xi,  12  ft  from 
L,  it  is  27  500  lb.  As  the  vertical  shear  at  Xt  is  greater  than  the  safe  resist- 
ance to  buckling  and  at  X4  less,  it  might  be  safe  to  stop  the  stiffeners  at  ^4; 
but  as  the  floor- joists  are  framed  flush,  or  nearly  so,  with  the  top  of  the  girder, 
and  rest  upon  angles  riveted  to  its  web,  it  will  be  advisable  to  put  about  3 
stiffeners  between  .Y4  and  the  corresponding  point  on  the  right-hand  half  of 
the  girder.  Additional  stiffeners  should  be  placed  directly  over  each  support, 
making  15  stiffeners  on  each  side  of  the  girder.  These  will  be  made  of  4  by  4 
by  H-in  angles. 

Sixth  Step.  The  Number  and  Pitch  of  the  Rivets.  First,  the  number  of 
rivets  in  the  web  will  be  considered.  As  a  rivet  is  required  at  the  end  of  each 
stiffener,  it  will  be  necessary  to  determine  the  number  and  spacing  of  the  rivets 
between  each  pair  of  adjacent  stiffeners.  In  the  web,  the  rivets  are  in  double 
shear.  In  Tables  II  and  III,  pages  418  and  419.  values  are  given  based  upon 
unit  shearing  values  of  7  500  and  zoooo  and  bearing  values  of  15000  and 
18  000  lb  per  sq  in.    (See  foot-notes  with  these  tables.)    The  shearing  resistance 
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of  a  H-in  rivet  at  lo  ooo*  lb  per  sq  in  is  4  420  X  2  >  8  840  lb  for  double  shear, 
and  the  bearing  value  of  the  same  rivet  in  a  H-in  plate,  at  30  000*  lb  per  sq  in, 
is  5  630  lb.  As  the  bearing  value  m»  the  smaller,  it  will  determine  the  number 
of  rivets  required. 

The  number  of  rivets  from  either  end  of  the  girder  to  any  point  depends  upon 
the  horizontal  flange-stress  at  that  point,  and  it  has  been  shown  that  the  flange- 
stress  is  equal  to  the  bending  moment  divided  by  the  depth  of  the  web.  (See 
foot-notes  with  Equations  (5)  and  (6).)  Scaling  off  the  bending  moment  above 
the  point  Xi  gives  75  ft-tons;  hence  the  horizontal  flange-stress  is  equal  to  75/3  » 
25  tons  a  50  000  lb.  The  number  of  rivets  required  between  this  point  and  the 
left  reaction  is,  from  Formuhi  (5),  equal  to  50  000/5  630  »*  10  rivets,  which  are 
to  be  spaced  in  a  distance  of  36  in,  making  the  spacing  3.6  in.  Above  Xt  the 
bending  moment  scales  141.24  ft-tons,  the  flange-stress  is  141.24/3  «  47.08  tons, 
or  94 160  lb,  and  the  number  of  rivets  required  between  Xt  and  A  is  94  160/5  630 
B  17;  but  10  of  these  are  required  between  Xi  and  A,  leaving  7  to  be  placed 
between  Xi  and  Xt  in  a  distance  of  36  in  making  the  spacing  5.x  in.  At  Xs,  the 
bending  moment  scales  1974  ft-tons,  and  the  flange-stress  is  197*4/3  "  ^SS  tons, 
or  130  600  lb.  The  number  of  rivets  required  is  130  600/5  630—  24,  but  17  of 
these  are  required  between  Xt  and  A,  leaving  7  to  be  placed  between  Xt  and 
Xzt  making  the  spacing  the  same  as  in  the  second  panel.  At  X4  the  bending 
moment  scales  243.96  ft-tons,  and  the  flange-stress  is  243.96/30  81.3  2  tons  or 
162  640  lb.  The  number  of  rivets  required  is  162  640/5  630  -  30,  but  24  of 
these  are  required  between  Xt  and  A ,  leaving  6  to  be  placed  between  Xt  and  A'4 
in  a  distance  of  36  in,  making  the  spacing  6  in.  As  this  is  the  maximum  spacing 
allowed,  it  will  be  used  from  X^  to  the  corresponding  point  on  the  opposite 
right-hand  half  of  the  girder.  The  same  number  of  rivets  will  be  used  in  the 
flange-legs  of  the  angles  as  in  the  web-legs,  but  they  will  be  spaced  so  that 
they  will  come  between  those  in  the  web. 

The  outer  flange-plate  scales  28  ft  6  in  in  length  in  the  bending-moment  dia- 
gram, but  this  length,  as  before  stated,  should  be  increased  sufficiently  to  take 
enough  rivets  to  transmit  at  least  one-third  of  the  resistance.  The  area  of  the 
plate  is  ^i  in  X  12  in  »  6  sq  in,  minus  the  area  of  two  H-in  rivet-holes,  0.87  sq 
in  (Table  I,  page  702),  leaving  a  net  area  of  5.13  sq  in.  The  resistance  of 
the  plate  is  therefore  equal  to  5.13  sq  in  X  14  000  lb  per  sq  in  »  71  820  lb.  One- 
third  of  this,  or  23  940  lb,  must  be  transferred  by  rivets  placed  beyond  the 
points  J  J.  As  the  rivets  in  the  flange  are  in  single  shear,  the  shearing  value 
of  one  rivet  in  single  shear,  4  420  lb,  will  govern.  The  number  of  rivets  re- 
quired, then,  is  23  940/4  420  -  6,  or  3  in  each  angle.  The  spacing  of  the  rivets 
in  this  panel  is  6  in.    The  plates  will  therefore  be  extended  18  in  on  either  si<le 

ofyy. 

*  The  shearing  value  of  rivets  is  taken  at  from  7  000  to  12  000  lb  per  aq  in  and  the  bear- 
ing value  at  from  xa  000  to  24  000  lb  per  sq  in.  The  usual  values  are  10  000  lb  for  shear 
and  18  000  or  20  000  lb  for  bearing.  Values  of  xo  000  lb  for  shear  and  ao  000  lb  for  bear- 
ing are  the  requirements  of  the  New  York  Building  Code.  A  bearing  value  other  than 
those  of  Tables  II  and  III,  pages  4x8  and  419.  is  purposely  used  in  thb  example,  as  it  h 
frequently  necessary  to  use  different  unit  stresses  than  those  from  which  some  particular 
table  has  been  computed.  If  no  other  table  is  at  hand  for  the  values  based  upon  some 
particular  rivet  bearing-stress,  Tables  II  and  III,  pages  4x8  and  4X9>  can  be  used  and 
the  new  value  found  by  proportion;  or  the  bearing-stress  can  be  found  by  multiplying  the 
product  of  the  diameter  of  the  rivet  and  the  thickness  of  the  web  by  the  new  unit  stress. 
In  this  example,  Table  III,  page  4x9,  gives,  for  18  000  unit  stress,  s  060  lb  for  bearing; 
^%  of  this  gives  5  622  lb  for  a  20  000  unit  stress.  Also,  H  in  by  H  in  by  20  000  lb  (>er 
sq  in  s  5  625  lb.  The  Cambria  handbook  uses  this  value,  and  Carnegie's  Pocket 
Companion,  and  Merriman's  Civil  Engineers'  Pocket  Book  use  5  630  lb,  which  is  the 
^alue  used  here. 
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SpBc«c.  As  the  total  length  of  the  girder  is  but  53  ft,  it  will  not  be  necessary 
to  ^ce  the  webs  or  the  flanges,  because  the  extreme  length  of  a  H  by  36-in 
{date  is  I  ID  ft  and  of  a  12  by  H-in  plate,  90  ft.*  It  is  never  necessary  to  splice 
angles  as  they  are  rolled  in  lengths  up  to  90  ft.  In  very  long,  deep  girders, 
however,  it  is  sometimes  necessary  to  splice  the  web,  and  the  joint  is  sometimes 
made  at  the  middle,  as  theoretically  there  is  no  vertical  shearing-stress  in  th^web 


Fig.  13.    Splicing  of  Inner  Plate  of  Bottom  Flange  of  Plate  Girder.    Example  z 

at  that  point  when  the  load  is  uruformly  distributed.  Generally,  however, 
the  web  b  spliced  in  two  places,  equidistant  from  the  middle  of  the  girder. 
The  splice  is  calculated  for  vertical  shear  only,  the  rule  being  to  divide  the  shear 
at  the  splice  by  the  safe  shearing  value  or  bearing  value  of  one  rivet.  This 
gives  the  number  of  rivets  required  on  each  side  of  the  splice-plate,  unless  the 
maximum  pitch  is  exceeded,  when  more  are  added. 
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*. SPLICE  PLATB ^ 

Fig.  14.    Plan  of  Splice-plate.    Example  i 

Whenever  a  splice  is  required  in  a  flange-plate,  it  should  be,  if  possible,  at  a 
point  just  beyond  the  end  of  the  plate  above  it.  The  joint  must  be  made  by 
riveting  to  the  spliced  plate,  a  plate  of  the  same  thickness  and  of  sufficient  length 
to  receive  a  number  of  rivets  on  each  side  of  the  joint  equal  to  the  strength  of 
the  plate  that  is  spliced.  When  the  flange  is  made  up  of  two  plates  of  the  same 
thickness,  the  simplest  method  of  splicing  the  inner  plate  is  as  shown  in  Fig.  13. 


Fig.  15.    Elevatk)n  of  Part  of  Plate  Girder.    Example  i 

Let  €  denote  the  theoretical  position  of  the  end  of  the  outer  plate,  as  determined 
by  the  bending-moment  diagram,  and  a  the  point  to  which  the  plate  must  be 
extended  to  receive  rivets  of  a  resistance  equal  to  one-third  the  strength  of 
the  plate.  Then  let  the  joint  in  the  inner  plate  be  just  over  a  and  extend  the 
outer  plate  to  6,  or  such  a  distance  that  it  can  receive  a  number  of  rivets  equal 
in  resistance  to  the  strength  of  one  plate. 

•  Tables  of  extreme  lengths  are  published  in  the  various  handbooks.    The  above 
dimensions,  for  example,  are  taken  from  the  table  on  page  Z03  of  Carnegie's  Pocket  Com- 
191S  ] 
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The  Bill  of  Quantitiet  for  the  Girder. 

*      ?         9         9 


Fig.  15  shows  one  end  of  the  girder,  drawn  according  to  the  foregoing  calcu- 
lations. 

Tile  following  b  a  bill  of  quantities 
p         for   the  construction   of   thU 
girder. 

Load:  looooo  lb,  unifonnly 
distributed.        Span     so      ft. 
Depth  3  ft 
Upper  flange: 
Two  angles,  s  by  3H  by 

Ms  in.  S3  ft  long 
One  plate  12  by  H  in,  ss 

ft  o  in  long 
One  plate,  12  by  H  in.  51 
ft  6  in  long 
Lower  flange: 
Two  angles,  s  by  3H  by 

M«  in,  53  ft  long 
One  plate,  12  by  Vi  in,  53 

ft  o  in  long 
One  plate,  12  by  V4  in,  31 
ft  6  in  long 
Web: 
One  plate,  36  by  H  in.  5  ^ 

ft  o  in  long 
30  stifleners,  4  by   4  by 
H-tn  angles.  2  ft   11  in 
long 
30  filler-plates,  4  by  \t  in, 

29  in  long 
92  ft  8  in  of  4  by  4  l)y 
>i-in    angles    for    sup- 
porting floor- jobts 
Rivets: 
^4  in  in  diameter 

Example  a*  The  wall  shown 
in  Fig.  10  is  to  be  supported  by 
a  riveted-stcel  box  girder  at  the 
height  indicated.  It  is  re- 
quired to  design  the  girder. 

First  Step.  The  Load.  The  first  step  towards  designing  the  girder  is  the  de^ 
termination  of  the  load.  The  space  under  the  lower  windows  is  too  small  to  di*^- 
tribute  the  weight  from  the  piers  uniformly  over  the  girder,  so  that  the  only  safe 
assumption  is  that  the  weight  of  the  wall  between  the  lines  A  and  B  is  comvn 
trated  at  Pt,  the  weight  of  wall  between  lines  B  and  C  at  Pt  and  so  on.  Th« 
floor-joists  run  across  the  building,  so  that  only  the  weight  of  the  wall  will  Ik: 
supported  by  the  girder.  Allowing  200  lb  per  square  foot  of  face  for  the  2t-in 
wall,  and  165  lb  for  the  17-in  wall,  both  walls  being  plastered  on  the  inside: 
Load  at  Pi 


Girder    Supporting 
Example  2 


Us'  3"  X  10'  -  7'  X  2'  3")  X  200  -    

)  Is'  3"  X  40'  -  (2'  3"  X  14'  +  3'  2"  X  7')1  X  165  • 


\  -  33  145  li* 
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LcMdatPt 

^  n7'4"Xio'-4'6X7'o"lxaoo-    8366J      ,„,,^,K 

n7'4"X4o'-(4'6Xi4'+4'9"X7')lXi65- 3^354  J  "*°^^''"' 

I/)ad  at  Pt  -  that  at  i*j « 40  720  lb 

Load  at  A 

^  ([4'ix"Xi0'-2'3"X7lX2OO-. 6683?   .,^^^o,K 

'l[4'ii"X4o'-(2'3"Xi4'  +  3'2"X7')lXi6s-  ....23  595)   ^^^^^'^ 
Total  load  on  girder  « 144*863  lb 

or  73^  tons 
From  Equation  (7) 

•      .        •  k*    r    •  ^         WJ<}      72.4X24»€  ^  -. 

approximate  weight  of  girder  = » "2.5  tons,  or  5  000  lb 

700  700 

About  one-third  of  this,  or  say  i  600  lb,  should  be  added  to  Pi  and  Pa,  and  900  lb 
to  Pi  and  Pa.  This  will  give,  approximately;  the  following  loads,  applied  as  in 
Fig.  17: 

Pi  -  34  000  lb        Pt  -  42  300  lb 

Ps"  42  300  lb        P4-3i30olb 


Fig.  17.    Diagram  for  Beixiing  Moments.    Example  2 

Secood  Step.  The  Determination  of  the  Maximum  Bending  Iffement.  By 
means  of  the  formula  under  Case  VI,  page  327,  the  maximum  bending  moment 
in  foot-pound8  for  the  loads  are  found  to  be  aa  follows: 

34  000Xi'6^^X23'4'' 

24'  10" 
42  300  X  8' 11"  X  15' 11" 


For  Pi,  if  max  - 
For  Pa,  If  max  ■■ 

For  Pj,  JM^Bax  - 
For  Pa,  iWmax  - 


24'  10" 
42  300  X  16' 3'' X  8^  7'' 

24' 10" 

3i200Xi'4"X23'6" 


-47  98oft-lb 
'  242  000  ft-lb 
w  237  900  ft-lb 
»  39  420  ft-lb 


24'  10" 

Plotting  these  moments  to  a  scale,  as  explained  for  Fig.  15,  page  329,  the 
bending-moment  diagram  shown  in  Fig.  17  *  is  obtained.    The  maximum  bend- 

*  The  bending  moments  in  this  diagram  are  drawn  to  a  scale  of  about  400  000  ft4b 
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ing  moment  is  at  Ps,  over  the  longest  ordinate  bb  and  where  the  vertical  shear 
is  zero,  and  is  equal  to  the  length  of  the  ordinate  bb,  which  scales  418  000  ft-lb, 
or  209  ft-tons. 

Third  Step.  The  Determination  of  the  Flange-Area  and  the  Length  of  the 
Cover-Plates.  Before  these  can  be  determined,  the  depth  of  the  web-plate 
must  be  decided.  As  there  is  nothing  to  limit  the  depth  of  the  girder,  it  will 
be  made  about  one-tenth  of  the  span,  or  30  in.  Then  by  Formula  (x),  page 
683,  A  -  Mm^x/dS,  and  using  14  000  lb  or  7  tons  per  sq  in  for  5, 

the  gross  area  of  upper  flange  »  209/3.5  X  7  -  12  sq  in 
As  the  thickness  of  the  wall  to  be  supported  is  21  in,  the  flange-plate  must  lie 
at  least  20  in  wide  and  not  less  than  H  in  thick.  The  sectional  area  of  a  H 
by  20-in  plate  is  7H  sq  in,  leaving  4H  sq  in  to  be  made  up  by  the  angles. 
The  sectional  area  of  two  s  by  3W  by  M«-in  angles  is  7.06  sq  in  (Table  IX. 
page  363),  which  leaves  a  small  excess  for  the  lower  flange.  For  rivets  H  in 
in  diameter,  the  loss  in  area  due  to  two  rivet-holes  in  a  H-in  plate  is  (Table  I« 
page  702)  0.65  sq  in  and  in  a  ^e-in  plate,  the  thickness  of  each  angle,  0.76  sq  in, 
making  1.41  sq  in  in  all,  for  which  the  excess  in  the  angles  is  more  than  suffi- 
cient. The  width  of  the  flange  being  more  than  one-twentieth  the  span  makes 
lateral  support  unnecessary. 

Fourth  Step.  The  Webs  and  Stiffeners.  The  maximum  shear  is  equal  to  the 
maximum  reaction  which  in  this  case  is  obviously  equal  to  the  left  reaction. 
Taking  the  center  of  moments  at  the  right  reaction,  the  equation  of  moments  is, 
^1X24.83'*  (17  tonsX  23.330  + (21.XS  tons  X  15.90  + (21.15  tons X  8.58*) 
+  (15.6  tons  X  1.33') 
whence  24.83  X  /?i  -  9353215  ft-tons  and  Ri  »  37669  tons,  or  75  338  lb.  Note 
that  the  loads  have  been  changed  from  pounds  to  tons,  for  convenience  in  mak- 
ing the  calculations.  As  this  box  girder  has  two  webs,  the  maximum  shear  in 
each  web  will  be  37  669  lb.  The  thinnest  web  permissible  is  H  in  thick.  From 
Table  II,  page  703,  the  resistance  of  a  H  by  30-in  web-plate  to  shearing  is 
112  500  lb,  so  that  the  webs  are  amply  safe  in  resisting  vertical  shear.  From 
Table  III,  page  705,  the  safe  resistance  to  buckling,  deducting  for  two  H-in 
rivets,  is  33  830  lb.  As  this  is  less  than  the  maximum  shear,  stiffeners  wll 
be  used,  placed  2  ft  4  in  from  each  support,  with  five  between  them,  making 
the  spacing  about  3  ft  4  in  on  centers.  Two  others  will  be  placed  over  each 
support.    4  by  4  by  H-iu  angles  will  be  sufficient  for  the  stiffeners. 

Note.  If  the  loads  were  really  concentrated  at  the  points  Pi,  P3,  etc.,  as 
from  columns  or  girders,  it  would  be  necessary  to  place  stiffeners  at  each  one 
of  these  points  and  two  in  each  of  the  intermediate  spaces,  but  as  the  pier- 
loads  are  partly  distributed  it  will  be  better  to  space  them  as  first  planned. 

Fifth  Step.  The  Number  and  Pitch  of  the  Rivets.  The  rivets  in  the  web- 
legs  and  flange-legs  of  the  angles  are  in  single  shear.  From  Table  III,  pa^ce 
419,  the  shearing  value  of  a  ^i-in  rivet  in  single  shear  at  10  000  lb  per  sq  in  is 
4  420  lb,  and  the  bearing  value  in  a  H-in  plate  at  18  000  lb  per  sq  in  is  5  060  lb. 
Hence  the  shearing  value  will  govern.  The  number  of  rivets  required  depends 
upon  the  flange-stress,  which  is  equal  to  the  maximum  bending  moment 
divided  by  the  depth  of  the  girder.  (See  Formula  (i ),  page  683.)  The  bending 
moment  at  Pu  found  by  moments  or  graphically  by  scaling  off  the  ordinate 
aa.  Fig  17,  is  56.5  ft-tons.*    This,  divided  by  the  depth  2,5  ft,  gives  22.6  tons, 

*  This  may  be  found,  aho.  by  taking  Pi  ss  the  center  of  moments  and  multiplyinx 
Pj  ■•  M-66g  tons  by  the  lever-arm  I'-j  ft.  The  result  is  56.5  ft-tons.  The  bendin|( 
moments  at  the  other  kiads  may  be  determined  by  taking,  in  each  case,  the  algebraic 
sum  of  the  moments  of  the  external  vertical  forces  on  either  side  of  each  point  oooaidered. 
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or  45  300  lb,  for  the  flange-stress,  or  22  600  lb  for  each  web.  The  number  of 
rivets,  therefore  (Formula  (5),  page  687)  is  22  600/4  420  =  6.  The  distance 
from  Pi  to  the  left  reaction  b  18  in,  which  makes  the  spacing  3  in.  The 
flange-stress  at  Ft  is  209.88  ft-tons/2.5  ft »  83.95  tons,  or  167  900  lb,  and  one- 
half  of  this  is  83  950  lb.  The  number  of  rivets  therefore  is  83  950/4  420  =  19. 
But  6  of  these  are  required  between  Pi  and  the  left  reaction,  leaving  13  to  go 
between  Pi  and  Pa,  a  distance  of  89  in,  making  the  pitch  about  6.9  in.  As 
this  exceeds  the  maximum  allowable  pitch,  the  rivets  will  be  spaced  6  in  on 
centers  between  Pi  and  Pj,  and  between  Pt  and  Pz.  The  spacing  on  the  right- 
hand  end  of  the  girder  will  be  made  the  same  as  that  on  the  left.  Some  details 
of  the  girder  are  shown  in  Fig.  18. 
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Fig.  18.    Elevations  and  Section  of  Box  Girder.    Exami^  2 


The  Details  and  Bill  of  Quantities  for  the  Girder.  The  loads,  dimensions,  siz^ 
number  of  pieces,  etc.,  for  the  girder  are  given  in  the  following  summary : 

Loads:  34  000  lb,  i  ft  6  in  from  left  support.     Span:  24  ft  10  in 
42  300  lb,  8  ft  II  in  frohi  left  support.     Depth:  30  in 
42  300  lb,  8  ft  7  in  from  right  support 
31  200  lb,  I  ft  4  in  from  right  support 

Both  flanges:   Four  angles,  5  by  3^'i  by  M«  in,  27  ft  6  in  long 
One  plate.  20  by  H  in,  27  ft  6  in  long 

Two  webs:  H  by  30  in,  27  ft  6  in  long 

Twenty-two  stiffeners:  4  by  4  by  H  in,  29H  in  long 

Twenty-two  fiUer-pfates:  4  by  Me  in,  2i  in  Ion? 

Rivets:  H  in  in  diameter 

Bxample  3.  What  are  the  dimensions  of  a  box  girder,  40  ft  in  span,  required  to 
support  the  following  loads?  90  tons  from  a  column,  8  ft  from  the  left  support; 
75  tons  from  a  column,  12  ft  from  the  right  support;  and  a  masonry  pier,  10  ft 
in  length,  beginning  10  ft  from  the  left  support  and  weighing  4  tons  per  running 
ft.     (See  Fig.  19.) 

First  Step.  The  Determination  of  the  Reactions,  Shears  and  Bending  Mo- 
ments. To  find  cither  reaction,  the  center  of  moments  is  taken  at  the  other 
reaction-  The  equation  of  moments  for  the  left  reaction  is,  therefore,  taking  the 
center  of  moments  at  the  right  reaction, 

40  Ri  -  (90  tons  X  32  ft)  +  (40  tons  X  25  ft*)  +  (75  tons  X  12  ft) 


from  which 


40/^1-4  780  ft-tons  and  Ri  -  1 19.5  tons 


*  In  considering  the  moments  of  forces,  dbtributed  loads  are  treated  as  if  they  1 
coiicentr»ted  at  their  centers  of  gravity. 
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In  like  manner,  the  equation  of  moments  for  the  right  reaction  is 

40  ^1  -  (75  tons  X  28  ft)  +  (40  tons  X  15  ft)  +  (90  tons  X  8  ft) 

from  which 

40  i^  "•  3  430  ft-tons.  and  Rt  -  85.5  tons 

The  greatest  vertical  shear  V\  is  equal   to  the  greater  reaction,  which  is 
119.S  tons.    The  shear-diagram  (Fig.  19)  may  be  constructed  by  laying  off  at 
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Fig.  10.    Elevation  of  Box  Girder  and  Diagrams  for  Bending  Moments  and  Vertical 
Shean.    Example  3 


any  convenient  scale  an  ordinate  equal  in  length  to  119.5  tons.  Immediately 
at  the  right  of  point  i,  under  the  left  column,  the  shear  is  equal  to  1 19.5  —  90  » 
29.5  tons.  It  is  the  same  at  point  2,  the  left  end  of  the  wall.  At  point  3,  the 
right  end  of  the  wall,  the  shear  is  119.5  —  90  —  40  =  — 10.5  tons,  showing  that  the 
shear  passes  through  zero  somewhere  between  2  and  3,  which  is  the  point  of 
maximum  bending  moment.  This  point,  X,  is  by  scaling  the  shear-diagram, 
17.4  ft  from  Ri.    It  is  over  the  point  of  iulcrscction  of  the  slanting  line  iu 
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the  shear-diaenun.  with  the  horizoatal  line  of  reference.  This  slanting  line 
is  drawn  from  the  top  of  the  shear-ordinate  for  point  t  to  the  bottom  of  the 
shear-ordinate  for  point  3.  Just  at  the  right  of  point  4,  the  shear  is  1x9.5  — 
90  -  40  -  75  «  —85.5  tons,  the  same  as  the  right  reaction.  The  point  X,  of  no 
shear  and  maximum  bending  moment,  may  be  found,  also,  as  follows:  At  the 
left  of  point  2  the  shear  is  29.5  tons.  One  foot  to  the  right  of  2  it  is  29.5 
tons—  4  tons  a  25.5  tons.  Two  feet  to  the  right  of  2  it  is  29.5—  8  tons- 
21.5  tons,  etc.  Therefore,  since  the  shear  decreases  at  the  rate  of  4  tons  per 
foot,  it  will  be  £ero  at  29.5/4  or  74  ft  at  the  right  of  2,  or  17.4  ft  from  R\. 

The  maximum  bending  moment  is  at  X,  the  point  of  no  shear.  The  equation 
of  moments,  considering  the  forces  to  the  left  of  A',  is 

If  max  =  (119.5  tonsx  17.4  ft)  -  (90  tonsx  9-4  ft)  -  (4  tonsX  7-4  ftX  7.4  ft/2) 
7.4  ft/ 2  is  the  distance  from  X  to  the  center  of  gravity  of  the  wall-load  to  the 
left  of  X,  and  is  the  lever-arm  of  that  load,  considered  as  a  vertical  downward 
force  concentrated  in  a  single  line  of  action.    Hence 

If  max  »  3  079.3  -  846  -  109.5  *«  I  123.8  ft-tons 

The  bending-moment  diagram  may  be  constructed  by  laying  off  at  X,  at  any 
convenient  scale,  an  ordinate  XC  equal  to  i  123.8  ft-tons  in  length.    It  is  neces- 
sar>'  to  find  the  bending  moment  at  other  points,  since  the  bending-moment 
diagram  cannot  be  plotted,  as  in  the  previous  examples,  because  the  uniform 
load  is  not  distributed  over  the  entire  girder.    The  other  critical  points  are  x, 
2,  3  and  4. 
Ml »  (119.5  tons  X  8  ft) «  956  ft-tons 
Afi  -  (i  19.5  tons  X  10  ft)  —  (90  tons  X  2  ft)  -  i  0x5  ft-tons 
Ml «  (119.S  tonsX  20  ft)  -  (90  tons  X  12  ft)  -  (40  tons  X  S  ft)  -  11 10  ft-tons 
Ma  -  (i  19.5  tons  X  28  ft)  -  (90  tons'x  20  ft)  -  (40  tons  X  13  ft)  « 1 026  ft-tons 

By  laying  off  ordinates  at  these  points  equal  by  scale  to  the  respective  bending 
moments;  drawing  straight  lines  from  R  to  A,  the  extremity  of  the  ordinate 
through  I,  and  from  A  to  B;  drawing  curved  lines  from  B  through  the  points 
C  and  D;  and  connecting  D  and  E  and  E  and  Rt  by  straight  lines;  the  bending- 
moment  diagram  RuiBCDERi  may  be  constructed. 

Second  Step.  The  Webs.  As  stated  on  page  683,  it  is  considered  safe  by 
many  engineers  to  include  one-sixth  of  the  web-area  in  the  flange^area,  and 
thi^s  will  be  done  in  this  example.  The  web,  therefore,  must  be  designed  first. 
As  there  is  nothing  to  limit  the  depth  of  the  girder,  it  will  be  made  3  ft  deep, 
about  one-twelfth  the  span.  The  greatest  vertical  shear  is  equal  to  the  greater 
or  left  reactbn,  1x9.5  tons.  Since  the  girder  carries  a  brick  wall,  it  must  be  of 
the  box  type,  and  hence  the  vertical  shear  on  each  web  is  59.75  tons.  A  M  by 
3(>-in  web  will  be  tried  first.  Its  area  is  x8  sq  in,  from  which  must  be  deducted 
the  loss  in  area  due  to  the  rivet-holes  for  the  rivets  through  the  stiffeners.  The 
rivets  will  be  placed  the  maximum  distance  on  centers,  making  six  in  each 
stiffener.  Because  of  the  concentrated  loads  near  the  reactions  more  rivets  will 
be  required,  and  in  order  to  avoid  a  close  spacing,  ^in  rivets  will  be  used. 
From  Table  I,  page  702,  the  sectional  area  to  be  deducted  for  a  ^-in  rivet  in  a 
M-in  plate  is  0.50  sq  in;  hence  the  net  area  of  the  web  is  18—  (6  X  0.50)  -  15 
sq  in,  and  Its  shearing  resistance,  at  10  000  lb  or  5  tons  per  sq  in  (Table  II,  page 
703),  IS  X5X  S  tons-  75  tons,  which  is  15.25  tons  in  excess  of  the  59.75  tons 
required. 

tlunt  Step.    The  Flaxige-Aroa..  From  Formula  (x),  page  683* 
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the  flange  area,  A  •■  Mnmx/dS  -  '—  -  53.5  sq  in 
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As  the  girder  has  no  lateral  support,  the  flange-width  should  be  not  less  than  one- 
twentieth  the  span,  which  will  make  it  2  ft. 
The  upper  flange  may  be  proportioned  as  follows: 

One-sixth  of  net  section-area  of  two  webs  - 5.00  sq  in 

Two  5  by  5  by  M«-in  angles,^  with  section-area  » 10.62  sq  in 

Three  M«  by  24-in  plates,  with  section-area  of  13.50  sq 

in  each" 40.50  sq  in 

Total  section-area  of  upper  flange  « 56. 12  sq  in 

To  proportion  the  lower  flange,  allowance  must  be  made  for 
the  loss  in  area  due  to  two  rivet-holes. 

From  Table  I,  page  702,  the  area  of  two  H-in  rivet-holes  in 

a  M«-in  plate  (thickness  of  angles)  * i.i28qin 

Areaf  of  two  rivet-holes  in  three  H-in  flange-plates  -. . .       3 . 75  sq  in 
Total  rivet-area  » 4.87  sq  in 

Hence  the  gross  section-area  of  the  lower  flange  must  be 

535  +  4.87 -SS  win. 
This  may  be  made  up  of 

One-sixth  of  net  section-area  of  two  webs  - 5.0    sq  in 

Two  5  by  5  by  M«-in  angles,  with  section-area  - 10.62  sq  in 

Three  H  by  24-in  plates,  with  section-area  of  15  sq  in 

each  - 45.00  sq  in 

Total  section-area  of  lower  flanget  =* 60.62  sq  in 

The  length  of  the  flange-plates  is  determined  from  the  bending-moment 
diagram.  Draw  a  horizontal  line  through  C  (Fig.  19)  and  at  any  point,  as  3. 
lay  off  to  any  convenient  scale  and  angle,  a  line  3  //  -  60.62  units  in  length, 
with  its  upper  extremity  on  the  horizontal  line  FG  drawn  through  C.  Divide 
this  line  into  five  parts:  3  /,  containing  5  unit.s  for  the  wel>area;  //,  10.62  units 
for  the  angles;  and  JK,  KL  and  LU  of  15  units  each,  for  the  three  plates.  Draw 
horizontal  lines  through  the  points  /,  /,  K  and  L  as  shown.  The  horizontal 
intercepts  of  these  horizontals  in  the  bending-moment  diagram  will  give  the 
theoretical  lengths  of  the  flan;;e- plates.  For  practical  considerations,  the  inner 
plate  is  always  carried  the  full  length  of  the  girder  and  the  other  plates  are  ex- 
tended beyond  the  intersection-points  on  either  side,  a  distance  sufficient  to 
take  enough  rivets  to  transmit  at  least  one-third  of  the  resistance  of  the  plate. 
The  resistance  i4 5,  of  the  outer  plate  is  15  sq  in  X14  000  lb  per  scj  in  *>  210  000  lb. 
One-third  of  this,  or  70  000  lb,  must  be  resisted  by  rivets  placed  beyond  the 
points  AA.  From  Table  III,  page  419,  at  10 000  lb  per  sq  in,  the  shearing 
value  of  a  ^-in  rivet  in  single  shear  plate  is  6  010  lb  and  in  a  H-in  plate  its  bearing 
value  at  18  000  lb  per  sq  in  is  9  820  lb.  Hence  the  number  of  rivets  required  is 
70  000/6  010  »  12,  or  6  on  each  side.  With  a  2-in  pitch  this  would  lengthen  the 
plate  12  in  at  each  end.  The  upper  plate  in  this  particular  girder  would  be  still 
farther  extended  so  as  to  come  under  the  base  of  the  column  on  the  left  side  of 
the  girder. 

*  Angles  with  equal  legs  are  selected  because  the  same  number  of  rivets  will  be  ne» 
quired  in  both  legs,  as  they  are  all  in  single  shear,  and  laixe  angles  are  selected  because 
the  rivets  will  have  to  be  staggered,  owing  to  the  concentrated  loads  being  placed  so  near 
the  ends  of  the  girder. 

t  Since  M«-in  plates  are  selected  for  the  upper  flange.  It  is  reasonable  to  suppoae  that 
H-in  plates  will  be  necessary  for  the  lower  flange. 

X  Both  flange-ueas  are  made  slightly  in  excess  of  the  requirements,  because  in  thb 
example  one-sixth  of  the  web^area  is  included. 
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Foarth  Step.  The  Stiffenen.  From  Table  III,  page  705,  the  safe  buckling 
value  of  a  H  by  36-in  plate  with  two  H-in  rivets  is  62  320  lb,  and  as  this  is 
much  less  than  the  shearing  value,  stiff eners  must  be  used.  The  stiff eners 
tinder  the  concentrated  loads  may  be  considered  as  short  struts  in  direct  com- 
pfession.  Assuming  that  4  by  4  by  H-in  angles  are  used  for  the  stiffeners,  the 
safe  load  from  Table  XV,  page  50a,  is  over  20  000  lb.  The  greatest  concen- 
trated load  b  90  000  lb,  and  hence  four  stiffeners  will  be  placed  under  each 
column.  Four  more  wDl  be  placed  at  each  bearing,  as  shown  in  Fig.  19,  four 
on  each  side,  between  the  columns,  about  4  ft  on  centers;  and  two  on  each  side, 
between  the  columns  and  the  bearings*  making  15  on  each  side,  or  30  in  all. 

ftfdi  Step.  The  Number  and  Pitch  of  the  Rivets.  In  a  box  girder,  the  rivets 
are  in  single  shear.  The  shearing  value  of  a  ^-in  rivet  at  10  000  lb  per  sq  in 
is,  from  Table  III,  page  4x9,  6  010  lb,  and  its  bearing  value  at  18  000  lb  per 
sq  in,  in  a  M«-in  plate,  the  thinnest  outside  plate,  is  6  880  lb;  hence  the  shearing 
value  will  govern. 

The  number  of  rivets  depends  upon  the  horizontal  flange-stress,  which  is 
equal  to  the  maximum  bending  moment  divided  by  the  depth  of  the  girder 
(Formula  (i),  page  683).  J/  at  i  -*  956  ft-tons,  and  the  horizontal  flange-stress 
«  956/3  -  3»9  tons,  or  638  000  lb.  From  Formula  (5),  page  687,  the  number 
of  rivets  required  "  638  000/6  010  =  106,  or  53  on  each  side.  These  are  to  be 
spaced  in  a  distance  of  8  ft,  or  96  in,  which  makes  the  pitch  about  1.8  in.  As 
this  is  less  than  the  minimum  pitch,  2H  in,  or  three  diameters,  the  rivets  will 
have  to  be  staggered.  Hence  the  justification  for  selecting  large  angles  with 
equal  legs  for  this  paricular  girder.  At  X  the  horizontal  flange-stress  » 
X  133.8/3  »  374.6  tons,  or  749  200  lb,  and  the  number  of  rivets  is  749  200/6  010 
"  124,  or  62  on  each  side;  53  of  these,  however,  are  required  between  ^1  and  i, 
leaving  9  to  be  placed  between  i  and  X,  a  distance  of  about  9  ft.  As  the  re- 
sulting pitch  will  exceed  the  maximum  pitch,  they  will  be  placed  6  in  on  centers 
between  i  and  X.  At  4  the  horizontal  flange-stress  »  i  026/3  '■343  tons,  or 
684  000  lb.  The  number  of  rivets  is  684  000/6  010  »  112,  or  56  on  each  side, 
to  be  spiced  in  a  distance  of  12  ft,  or  144  in,  making  the  spacing  2.5  in.  Be- 
tween 4  and  X  the  maximum  pitch  will  be  determined  as  before. 

Sixth  Step.  The  Weight  of  the  Girder.  So  far,  no  account  has  been  taken 
of  the  weight  of  the  girder.  The  practice  is  to  neglect  this  weight  when  the  max- 
imum bending  moment  due  to  it  alone  is  less  than  10%  of  the  maximum  bend- 
ing moment  due  to  the  loads.  From  Formula  (7),  page  688,  the  weight  of  the 
girder  -  205  X  40/700  -  12  tons.  From  Case  V,"  page  326,  the  maximum  bend- 
ing moment  due  to  it  -  12  X  40/8  -  60  ft-tons.  As  this  is  much  less  than  10% 
of  I  123.8  ft-tons,  the  maximum  bending  moment  due  to  the  loads,  it  may  be 
neglected.  Had  it  been  otherwise,  the  weight  would  have  to  be  considered  as 
an  additional  uniformly  distributed  load  over  the  entire  girder  and  a  new  bend- 
ing-moment  diagram  drawn. 

Other  Data  on  Riveted  Girders.  By  appl3ang  the  principles  illustrated  in 
the  preceding  examples  it  is  possible  to  compute  the  necessary  dimensions  and 
det^  for  riveted  girders  under  any  conditions  of  loading.  If  further  examples 
are  desired,  the  reader  is  referred  to  "  Compound  Riveted  Girders,"  by  William 
H.  Birkmire^  in  which  different  examples  of  loading  are  fully  worked  and  ex- 
plained, and  also  to  other  recent  treatises  on  this  subject. 

Detafl  Drawings  and  Stress-Diagrams  of  one  of  the  earlier  heavy  plate 
girders  used  in  building-construction  are  published  in  the  Engineering  Record 
of  Dec.  28,  1895.  This  girder  is  one  of  six  plate  girders  used  in  the  construc- 
tioo  of  Tremont  Temple,  Boston,  Mass.,  Blackall  &  Newton,  architects.  The 
girder  is  75  ft  long  between  centers  of  columns,  6  ft  i  in  deep,  with  flanges  28  in 
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wide,  and  is  calculated  to  support  distributed  and  concentrated  loads  aggre- 
gating 497.5  tons.  The  single  web-plate  is  64H  in  deep,  and  ^  in  thick  at  the 
ends;  the  flanges  are  4H  in  thick  at  the  middle  of  the  girder;  and  the  flange- 
angles  are  6  by  8  by  i  in.  Since  that  time  there  have  been  erected  for  many  of 
the  large  buildings  a  number  of  riveted  gilders  of  very  great  sixc  and  strength, 
and  details  of  their  construction  may  be  foimd  in  the  engineering  and  architec- 
tural periodicals. 

C.  Tables  Used  in  the  Design  of  Plate  and  Box  Girders 

Tables  I,  IT,  III  and  TV  contain  data  usually  required  for  the  design  of  plate 
and  box  girders  to  satisfy  all  but  the  most  unusual  conditions. 

Table  I.*t    Sectional  Area  in  Square  Inches  to  be  Deducted  from  Plates  and 
Anglea  for  RiYot-Holes 

Taken  H  inch  in  excess  of  diameter  of  rivet  t 


Number  of  rivets,  i  in 

Numl^er  of  rivets,  'a  in 

Thickness 

diameter 

diameter 

of  plate, 

in 

I 

a 

3 

' 

I 

a 

3 

4 

X 

1. 13 

2  25 

337 

4.50 

1.00 

2  00 

3  00 

i 
4.00 

»M8 

i.os 

2.10 

3.16 

4  21 

0.94 

187 

2S1 

3  75 

Vk 

0.98 

t.97 

29s 

393 

0.87 

1.7S 

2  62 

3SO 

«M» 

0.91 

183 

a. 74 

3.6s 

o.8x 

1. 6a 

a.44 

3  25 

H 

0.84 

1.69 

a. S3 

3  37 

0.75 

x.so 

2.2s 

3.00 

»H« 

0.77 

ISS 

a3a 

3.09 

0.69 

1.37 

a.o6 

2.75 

H 

0.70 

1.41 

a. II 

2.81 

0.62 

I. as 

X.87 

a. so 

9i6 

0.63 

1.26 

1.90 

2. S3 

0.56 

1.12 

X.69 

a.  25 

H 

o.sfi 

I.  II 

1.69 

2.2s 

0.50 

1. 00 

x.so 

a. CO 

Me 

0.49 

0.98 

1.47 

1-97 

6.44 

0.87 

X.3X 

X.7S 

H 

0.4a 

084 

i.a6 

1.69 

0.37 

0.7s 

t.I2 

x.so 

Nu 

mber  of  rivets,  % 

in 

Nur 

nber  of  rivets,  H 

in 

Thickness 

diameter 

diameter 

of  plate. 

in 

I 

' 

3 

4 

X 

a 

3 

4 

I 

0.87 

1. 75 

26a 

3.  SO 

0.75 

x.50 

2.25 

I 
3.00 

»M« 

0.8i 

t.64 

a.46 

3.28 

0.70 

1.40 

2. II 

2.8x 

H 

0.77 

I. S3 

a.30 

3.06 

0.65 

X  31 

1.96 

a. 62 

»Me 

0.71 

1.42 

a. 13 

2.84 

0.61 

1.22 

X.83 

a.  41 

?4 

0.66 

1.31 

1.96 

2  62 

0.56 

X.X2 

169 

3.25 

nu 

0.60 

1.20 

180 

2.40 

o.si 

1.03 

1.54 

a. 06 

H 

0.5S 

1.09 

1.64 

2.19 

0.47 

0.94 

1.4X 

1.88 

9l6 

0.49 

0.98 

1.48 

1.96 

0.42 

0.84 

1.26 

t.«9 

H 

0.43 

0.87 

1.31 

1.75 

0.37, 

0.75 

t.l2 

i.So 

lU 

0.38 

0.76 

1.15 

1.S3 

0.33 

o.M 

0.98 

1.31 

•)i 

0.32 

o.6s 

0.98 

1. 31 

0.28 

0.56 

0.84 

I. IS 

•Me 

0.27 

o.SS 

082 

1.09 

0.23 

0.47 

0.70 

0.94 

M 

0.22 

0.44 

0.66 

0.87 

0.18 

037 

0.56 

0.7s 

*  For  explanation  of  tables,  see  Subdivision  4,  page  688. 

t  This  table  is  taken  from  "Compound  Riveted  Girders,"  by  W.  H.  Bitkmire. 

X  See  paragraph,  Punching  Rhfet>Hola.  page  4x4,  and  Table  Xl^psge  4Q0. 
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TftUe  n.*    8«f«  Sbetrixic  Value  d  Web-Piate«  In  Pomute 
Mild  steel.    Gross  area.    Safe  unit  stress,  lo  ooo  lb  per  sq  in 


Depth, 
in 

Thickness  in  inches 

H 

lU 

H 

Mo 

H 

H 

H 

28 

30 
33 
36 

40 

43 

46 

48 

105  000 

112  SCO 
I20  000 

135  000 

Z5O00O 

157  50O 
173  500 
i8o  000 

133  5CA 
131300 
140000 

157  500 
175  000 
183800 
301300 

3X0  000 

140000 
150000 
160000 
180000 
200000 

3IO000 
330000  ' 
340000 

157  500 
168800 
180000 
202500 
225000 
236300 
358800 
370000 

175000 
187500 
200  000 
225000 
250000 
262500 
287500 
300000 

2x0  oco 
325000 
240000 

270000 

300  000 

315000 

345  000 
300  000 

345  000 

360500 

3B0000 
315000 
350  000 
367500 
403500 
420000 

3300 

3800 

4300 

4900 

5500 

6600 

7700 

,  Deductions  in  pounds  for  one  H-in  rivet  t 

3700 

4400 

5000 

5600 

6  200 

7500 

8700 

*  For  explanation  of  tables,  see  Subdivision  4.  page  688. 

t  The  area  of  the  hole  is  taken  H  in  in  excess  of  the  diameter  of  the  rivet  to  allow  for 
injury  of  the  metal  sustained  by  punching. 

Example  4.  What  is  the  safe  shearing  value  of  a  36  by  H-in  web-plate  with 
seven  H-in  rivets  in  the  stiffeners? 

Sofaitioo.    The  gross  shearing  value  «  135  000  lb 

The  deduction  for  seven  rivets  -  7  X  3  aoo  ■•    22400  lb 
The  safe  shearing  value  -  112  600  lb 

To  use  this  table  for  any  other  unit  stress,  divide  the  shearing  value  by  10  000 
and  multiply  by  the  given  unit  stress.  For  example,  what  is  the  safe  shearing- 
value  of  a  40  by  H-in  web-plate  at  is  000  lb  per  sq  in?  (250  000/10)  X  12  - 
300  000  lb. 

Tables  of  Riveted  Steel  Plate  Girders. t  It  is  not  practicable  to  give 
TABLES  OF  SAFE  LOADS  for  rivctcd  stccl  platc  girders  because  of  the  great  variety 
of  combinations  of  plates  and  angles  that  can  be  selected  for  any  given  condition 
of  loading.  Moreover,  any  variation  in  the  loading  would  make  the  tables  use- 
less. In  place  of  the  safe  loads,  therefore,  the  properties  or  elements  of 
RIVETED  STEEL  PLATE  GIRDERS  are  given  in  Table  IV,  pages  706  to  716,  which 
will  aid  in  determining  the  size  of  the  girder  and  the  approximate  thickness  of 
the  plates  and  angles  for  any  special  case.  To  determine  the  dimensions  and 
other  details  of  a  girder  suitable  to  carry  any  specified  loading,  determine  the 
MAXIMUM  END-REACTION  in  pounds  and  the  maximxtm  bending  moment  in  inch- 
pounds.  Select  from  Table  IV  the  different  parts  for  a  girder  of  the  required 
depth,  a  thickness  of  web  as  determined  by  the  maximum  end-reaction  and 
a  suitable  section-modulus  as  determined  by  dividing  the  maximum  bending 

t  For  tables  of  riveted  single-beam  girders  and  double-beam  girders,  see  Tables  XIV 
and  XV;  pages  605  to  6x1.  ^  t 

Digitized  by  VjOOQIC 


704  Riveted  Steel  Plate  and  Box  Girders  Chap.  20 

moment  by  the  permissible  unit  stress  for  flexure  in  pounds  per  square 
inch.  The  spacing  of  the  rivets,  the  numb<y-  and  position  of  the  stiffeners, 
the  LENGTH  of  THE  FLANGE-PLATES,  if  more  than  one  are  needed,  and  the  loss 
IN  flange-area  and  web-area  due  to  the  punching  of  the  rivet-holf^,  must 
be  determined  in  each  case  by  the  rules  already  given.  The  weights  of  the 
rivets  and  stififeners  are  not  included. 

As  an  illustration  of  the  use  of  these  elements  or  properties,  in  Example  (i) 
the  total  load  on  the  girder  is  107  000  lb,  making  each  end-reaction  53  500  lb. 
The  maximum  bending  moment  is  334.8  f  t-tons,  or  8  635  000  in-Ib.  The  section- 
modulus  //c- J//5- 8  035  000/14  000- 574.  The  depth  of  the  girder  is 
limited  to  36  in.  Looking  up  the  properties  of  36-in  girders  in  Table  I\^,  page 
709,  it  is  seen  that  a  H-in  web  is  more  than  sufficient  to  resist  the  end- 
reaction.  The  nearest  section-modulus  to  574  is  567.2,  that  of  a  girder  com- 
posed of  a  36  by  Me-in  web,  5  by  s^i  by  H-in  angles,  and  12  by  H-in  flange- 
plates.  In  working  out  the  problem  in  detail  it  was  found  that  the  girder 
required  5  by  3H  by  Me-in  angles  and  two  12  by  H-in  flange-plates  to  com- 
pensate for  the  loss  of  area  due  to  the  punching  of  the  rivet-holes. 
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TabU  m.*    Safe  BaeUinc  Values  of  Web-PUtf« 

SATE  Urar  BUCKLDfG  VALUX  IN  FOUtfDS  PER  SQUARE  INCH 


Calcalated  by  fonnukf  Sb  < 


X  + 


."lOOO/* 


A  «  Mfo  buckling  rrthtanrp  fai  pounds  per  square  inch;  d  »  depth  of  web  in  the  clear 
betweto  Hange-platcs  ia  inclMt;  /  ■■  thidcnew  of  web  in  inches 


Depth, 
in 

Thickness  in  inches 

H 

Ms 

H 

Ms 

H 

*4 

H 

A 
30 

32 

3S 
40 
42 
4S 

3498 
3192 
a889 
a4S6 
2087 
1930 
1548 

4228 

3896 
3634 
3069 
2696 

3455 

1994 

4890 
4546 

4  228 

3666 
3x91 

3983 

3543 

5476 
5133 
4787 

4329 

3734 

3498 

3918 

5933 
S656 
5339 
4748 
4328 
3993 
3  37X 

6533 
6226 
5656 
5133 
4889 
4228 

6920 
6392 

5883 
5649 
4993 

TOTAL  SATB  REISTANCS  IN  POUNDS  FOR  PLATBS  WITH  TWO  M-IH  RTVSTS 

Depth. 

Thickness  in  inches 

in 

W 

Ms 

H 

M» 

H  ■ 

n 

H 

26 

42 
48 

31  450 
33830 
3x560 
39140 
a6  86o 

48580 
48  ISO 
46000 
43230 
40360 

64200 
64230 
62800 

60040 

58820 

80880 
81560 
81500 
79x90 
75930 

97340 
99880 
10x750 
100440 
97450 

138  200 
145  300 

147600 
146670 

19x570 
198960 
202000 

TOTAL  SAFB  RESBTANCS  IN  FOUNDS  FOR  PLATBS  WITH  TWO  H-IN  RIVETS 

1 

Depth. 

Thickness  in  inches 

in 

n 

M. 

H 

Ms 

H 

M 

M 

30 
35 
4a 
48 

34100 

33SXO 
31  310 
28950 
36700 

48x10 
47730 
45660 
42960 
40140 

63570 
63640 

62320 

59660 
58490 

80100 
80840 
80900 
78700 

75  530 

96390 
98980 

ICO  690 

99800 
96910 

136960 
144330 
146690 
145860 

190x70 

197  7x0 
200930 

*  For  explanation  of  tables,  see  Subdhnsion  4.  page  688. 

t  See  in  Chapter  XV  the  paragraphs  and  foot-notes,  pages  568  and  569.  relating  to 
the  w^budding  of  I-beams.  The  formtda  for  the  abore  table  is  the  formula  that  was 
used  ia  the  Passaic  Steel  Company's  Manual,  and  as  the  values  computed  by  it  vary  but 
littk  from  those  deduced  by  the  Cambria  formula.  Table  III  b  retained  as  it  is. 

See,  abo,  pace  686,  paragraph  relating  to  Safe  ResisUnce  of  Web  to  Buckling. 
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Table  IV.*    Etements  of  Rirsted  Plate  Girders 


1  '*» 

rS  , 

"P^v  1I    t  linn  Tn  n  ^Kn  /I Avails  nf  «v^na^rt«r4ir>n  rJ  a 

■    .    ..„:.   1 

*  >!- 

Cr" 

10  acmuune  xnc  ueuuis  oi  oonsbrucuon  %x  a  «•««««.«  »»»»».- 
ahlf^  to  carry  any  specified  loading,  determine  the  man- 

!      i: 

r 

mum  end-reactions  in  pounds  and  the  maiimnm  bending 

moment  in  inch-pounds 

1- 

..^ 

fj 

dividing  the  maximum  bending  moment  by  the  permissi- 

ble unit  bending  fiber-stress  in  pounds  per  square  inch 

For  limiting  conditions,  see  the  popceding  pafe  and  the 

Ir^ 

\ 

first  two  subdivisions  of  this  chapter 

^ 

Weights  given  do  not  include  itiffeners,  rivet<>heads,  or 
other  details 

■-T— 

"T^ 

Sizes 

Weight  per  foot 

Maximum 
end- 

Section. 

Web- 

modulus, 
axis,  i-i. 

Web- 

Flange- 

Flange- 

plate 
and 

Flan^- 

reaction  in 
thousands 

in* 

pUte. 
in 

angles, 
in 

plates, 
in 

flange- 
angles. 
lb 

plates. 
lb 

of 
pounds 

24J.O 

5X3V4XH 

97.8 

60.8 

270.9 

SX3^iXH 

12XH 

72.2 

30.6 

60.8 

306.1 

24XH 

•  SX3V4XH 

I2X''4 

72.2 

40.8 

60.8 

343.6 

SX3V'2XV6 

12XV* 

85-0 

40.8 

60.8 

378.S 

5X3HX4 

12XH 

85.0 

51.0 

608        1 

414. 1 

SX3^XH 

12XH 

97.8 

Si.o 

60.8 

XSI.S 

4X3    XH 

61.6 

563 

176.8 

5X3K'XH 

69.2 

S6.3 

186.6 

4X3    X^j 

72.0 

563 

201.2 

26X«e 

6X4    XH 

76.8 

S6.3 

219.6 

5X3HXf'i 

82.0 

56.3        , 

2sa.o 

6X4    XM 

92.4 

56.3        1 

260.7 

5X3HXH 

94.8 

S6.3        , 

341. S 

6X4    XW 

14XH 

82.4 

357 

67.S      ! 

3544 

6X4    X^4 

127.6 

67.S      , 

3n.4 

SX3^iXVi 

I2XW 

87.6 

40.8 

67.5 

386.1 

6X4    x^^ 

I4XV4 

82.4 

47.6 

67.5 

415. a 

SX3WXH 

12XH 

876 

5X.O 

67.5 

435.1 

26XH 

6X4    X^i 

l4X^i 

98.0 

47.6 

<^.5 

454.5 

SX3HX*^ 

laXH 

100. 4 

51. 0 

67.S 

4793 

6X4    XH 

14XH 

98.0 

595 

67.S 

526.1 

6X4    XH 

14XH 

11J.2 

595 

67.S 

5699 

6X4    XH 

14X^4 

113.2 

71.4 

€f7.S 

6139 

6X4    XH 

14X?4 

127.6 

71. 4 

^7$ 

200.4 

4X3    XH 

83.1 

788 

233.4 

4X3    XH 

93.1 

788 

2335 

26XT<« 

SX3HX^^ 

93  I 

78.8 

265.8 

6X4    XH 

103.5 

788         , 

274. S 

SXzHXH 

105. 9 

78.8 

314.8 

6X4    XH 

118.7 

788 

'  From  Pocket  Companion,  1915  Edition,  Carnegie  Steel  Company.  Pitubui|h,  Pa.  ^ 
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Tiible  nr**!  (Contfaiaed).    Slemditts  of  Rhreted  Plate  Olrders 


r 

1 

Sixes 

Weight 

per  foot 

Maximum 
end- 

'    Sn^wwi* 

Web- 

icodtdu8» 

Web. 

Flange- 

rtange- 

plate 
and 
flange- 
angles, 

Flange- 

reaction  In 
thousands 

!  " 

plate, 
in 

angles, 
in 

plates. 
in 

plates, 
lb 

of 
pounds 

1 

lb 

1 

361.3 

6X4    XM 

133. 1 

78.8 

3M.0 

sXzHXH 

MXH 

93.1 

40.8 

78.8 

421.8 

SXsViXH 

I3XH 

93.1 

51.0 

78.8 

441.7 

6X4    X\i 

14XH 

103. 5 

47.6 

78.8 

.      461.1 

a6XMe 

5X3HXH 

MXH 

105.9 

51.0 

78.8 

48S.9 

6X4    XH 

I4XH 

1035 

59.5 

78.8 

S3».7 

6X4    XH 

X4XH 

118.7 

595 

78.8 

I     ^S 

6X4    XH 

14XH 

118.7 

71.4 

78.8 

\      fao.s 

6X4    XH 

14XH 

133.1 

71.4 

78.8 

J    I85.6 

5X3HXH 

70.3 

56.3 

aii.o 

6X4    XH 

77.9 

56.3 

1      ^.3 

SX3V^XH 

83.x 

56.3 

1       J64.1 

27XM« 

6X4    XH 

93.5 

56.3 

m-2 

5X3HXH 

95.9 

56.3 

304.5 

5X3HXH 

MXH 

70.3 

30.6 

56.3 

315-3 

6X4    XH 

108.7 

56.3 

344a 

5X3HXH 

MXH 

70.3 

40.8 

56.3 

3377 

6X4    XH 

"5-7 

67.S 

J66.7 

SX3HXH 

MXH 

77.3 

40.8 

67.$ 

37a.« 

6X4    XH 

MXH 

84.9 

35.7 

67.5 

3«S 

6X4    XH 

130. 1 

67.5 

411.7 

SXmXH 

MXH 

90.1 

40.8 

67.5 

420.8 

6X4    XH 

14XH 

84.9 

47.6 

67.5 

437.0 

38XH 

6X4    XH 

144. 5 

67.5 

4S».5 

SX3HXH 

MXH 

90.1 

51.0 

67.5 

474.3 

6X4    XH 

14XH 

100.5 

47.6 

675 

49S.3 

. 

5X3HXH 

MXH 

102.9 

51.0 

67.S 

521.^ 

6X4    XH 

14XH 

100.5 

595 

67.5 

573-1 

6X4    XH 

14XH 

115. 7 

59.5 

67.5 

6ao.4 

6X4    XH 

14XH 

115.7 

71.4 

67.5 

668.6 

6X4    XH 

MXH 

130. 1 

71.4 

67.S 

257.1  ' 

5X3HXH 

96.1 

78.8 

292.4 

6X4    XH 

106.5 

78.8 

301.B 

5X3HXH 

1089 

78.8 

345.S 

6X4    XH 

121. 7 

78.8 

39^.5 

6X4    XH 

136. 1 

78.8 

419.  S 

a6XM« 

SX3HXH 

MXH 

96.1 

40.8 

78.8 

445.1 

6X4    XH 

150.5 

78.8 

4fio.l 

SX3HXH 

MXH 

96.1 

51.0 

78.8 

4S2.O 

6X4    XH 

14XH 

106. 5 

47.6 

78.8 

S03.O 

SX3HXH 

MXH 

X08.9 

Si.o 

78.8 

529.6 

6X4    XH 

MXH 

I06.S 

59.5 

78.8 

580-8 

6X4    XH 

MXH 

MI.  7 

59.5 

78.8 

*  From  Pocket  CompoaJofi,  19x5  Edftkm,  Caffiegle  Steel  Company,  Pittsburgh,  Pa. 
t  For  «pUn,tion  of  Uble.  »e  f^  ,06.  ^^,^^^^^  ,,GoOgle 


708  Riveted  Steel  Plate  and  Box  Girders  Chap.  20 

TaUe  IV  *t  (Cooturoed).    Etemeots  of  Riyeted  Plate  GMtn 


Sizes 

. 

Weight 

}cc  foot 

Maximuni  1 
end-       1 

Section- 

Web- 

modulus, 
axis  z-i. 

Web. 

Flange- 

Flange- 

plate 
and 
flange- 
angles. 

Flange- 

reaction  in  i 
thousands 

in* 

plate, 
in 

angles, 
in 

plates, 
in 

pUtes. 
lb 

d 

lb 

628.0 

28XM8 

6X4    XH 

X4XH 

12X.7 

7X.4 

78.8       ' 

676.2 

6X4    XH 

X4XH 

136.1 

7X.4 

7«,8 

221. 8 

5X3V6XH 

799 

74  3 

250:5 

6X4    XH 

87.5 

74.3       1 

272.1 

SX3HXH 

92.7 

74  3 

310.3 

6X4    XH 

103. 1 

74  3 

330.5 

5X3HXH 

loss 

74.3 

3538 

SXiHXH 

12XH 

799 

30.6 

74.3 

3662 

5X3HX')4 

117. S 

74  3 

368.1 

6X4    XH 

XI8.3 

74.  J 

3978 

5X3^^XH 

12XH 

799 

40.8 

74  3 

404.7 

6X4    XH 

14XH 

875 

357 

74  3 

423.1 

3oXH 

6X4    X*4 

132.7 

74  3 

446.6 

5X3WX^ 

12XH 

92.7 

40.8 

74  3 

4S6.I 

6X4    XH 

14XH 

87.5 

47.6 

743 

475.8 

6X4    XH 

147. 1 

74  3 

490.3 

5X3HXH 

12XH 

98.7 

51.0 

743 

S14.0 

6X4    XH 

I4XH 

103. 1 

47.6 

74  3 

536.7 

SX3HXH 

X2XH 

xos.S 

51. 0 

74.3 

565. 1 

6X4    XH 

14XH 

X031 

S9S 

74.3 

620.6 

6X4    XH 

14XH 

118. 3 

595 

74  3 

671.3 

6X4    XH 

X4XH 

118.3 

71.4 

74  3 

723.8 

6X4    XH 

I4XH 

132.7 

71.4 

74.3 

281.4 

5X3HXH 

990 

866 

3195 

6X4    XH 

109  4 

866 

3297 

SX3HXH 

111.8 

866 

375-5 

5X3HXH 

123.8 

866 

377.3 

6X4    XH 

124.6 

866 

432.3 

6X4    XH 

1390 

S66 

455  5 

5X3HXH 

12XH 

99.0 

40.8 

866 

485.0 

3oXM« 

6X4    XH 

153-4 

866 

499  2 

5X3HXV^ 

12XH 

990 

51.0 

866 

523  0 

6X4    XH 

14XH 

1094 

47.6 

•6.6 

545.6 

5X3HXH 

12XH 

III. 8 

51.0 

866 

574.0 

6X4    XH 

I4XH 

109  4 

59  5 

866 

629.S 

6X4    XH 

I4XH 

124.6 

59-5 

866 

680.1 

6X4    XH 

14XH 

124. 6 

71.4 

866 

732.6 

6X4    XH 

14XH 

1390 

71.4 

86.6 

290.6 

SXiHX\i 

1054 

990 

328.8 

6X4    XH 

X15.8 

99c 

338.9 

30XV4 

5X3HXH 

118. a 

990 

384.7 

5X3HXH 

130.2 

99  0 

386.5 

6X4    XH 

131. 0 

990 

•  From  Pocket  Companion,  1915  Edit 

km,  Carneg 

ie  Steel  Coi 

apany,  Pitt 

lOmn^H. 

t  For  explanation  of  table,  see  page  7€ 

16. 

^oogk 

Digitized  by* 

Tables  Used  in  the  Design  of  Plate  and  Box  Girders        709 
Tttble  IV  *1  (Contiiraed).    BtemetitB  of  RiveCad  Plate  Girden 


1 


SiM8 

. 

Weight 

per  foot 

Maximum 
end- 

SectioQ- 

Web- 

naodulus* 
axa  x-i. 

Web- 

Flange- 

Flange- 

plate 
and 
flange- 
angles. 

PlanffD- 

reaction  in 

in* 

plate, 
in 

in 

plates, 
in 

platc». 
lb 

pounds 

lb 

441.5 

6X4    X?4 

1454 

99.0 

464.4 

SX3HXH 

laXH 

105. 4 

40.8 

99.0 

494  2 

6X4    XH 

1598 

990 

S06.0 

SX3HXH 

12XH 

105.4 

Si.o 

99.0 

»i  9 

30XV4 

6X4    XH 

14XH 

115.8 

47.6 

99.0 

554. S 

SX3HXH 

12XH 

118. 2 

51.0 

99.0 

S82.8 

6X4    XH 

14XH 

115. 8 

595 

99.0 

638.3 

6X4    XH 

I4XH 

131. 0 

595 

99.0 

6889 

6X4    XH 

I4XH 

131.0 

71.4 

99.0 

741.3 

6X4    XH 

14XH 

145.4 

71.4 

99.0 

asi.7 

SX3HXH 

837 

81.0 

3837 

6X4    XH 

91.3 

81.0 

307  7 

33XH 

5X3«XH 

96.5 

81.0 

3084 

6X6    XH 

101.7 

121.5 

350.3 

6X4    XH 

106.9 

8x.o 

4303 

6X6    XH 

124.3 

135.0 

460.0 

5X3HXH 

125.1 

87.8 

462.4 

6X4    XH 

125.9 

87.8 

503.3 

6X4    XH 

14XH 

95.1 

35.7 

87.8 

510.  s 

6X6    XH 

142.7 

135.0 

530.2 

6X4    XH 

140.3 

878 

531.6 

6X6    XH 

14XH 

1055 

35. 7 

135.0 

5543 

SX3HXH 

12XH 

100.3 

40.8 

87.8 

sfis.x 

6X4    XH 

14XH 

95.1 

47.6 

87.8 

S93.2 

6X6    XH 

14XH 

105. 5 

47.6 

135.0 

5953 

6X4    XH 

154.7 

87.8 

606.8 

3fiXH 

SX3HXH 

X2XH 

100.3 

51.0 

87.8 

636.S 

6X4    XH 

14XH 

110.7 

47.6 

87.8 

654.9 

6X6    XH 

I4XH 

105.5 

S95 

135.0 

664.2 

5X3HXH 

12XH 

113. 1 

51.0 

87.8 

674.4 

6X6    XH 

14XH 

124.3 

47.6 

135.0 

698.0 

6X4    XH 

14XH 

110.7 

595 

87.8 

735.S 

6X6    XH 

14XH 

124.3 

595 

135.0 

766.6 

6X4    XH 

14XH 

125.9 

595 

87.8 

796.8 

6X6    XH 

I4XH 

124.3 

71-4 

135.0 

813.1 

6X6    XH 

14XH 

ua.7 

59  5 

135.0 

827.6 

6X4    XH 

I4XH 

1259 

71.4 

87.8 

873.8 

6X6    XH 

14XH 

142.7 

71-4 

135. 0 

892.8 

6X4    XH 

14XH 

140.3 

71.4 

87.8 

3577 

5X3HXH 

ic8.o 

102.4 

404.7 

6X4    XH 

118.4 

102.4 

417.0 

36XH« 

SX3HXH 

120.8 

103.4 

443.6 

6X6    XH 

132.0 

157. 5 

*  From  Pocket  Companion,  191 5  Edition.  Carnegie  Steel  Company.  Pittsbuigh,  Pa. 
t  For  explanation  of  table,  see  page  706.  ^  , 

Digitized  by  VjOOQIC 
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Riveted  Steel  Plate  and  Box  Girders 


Chap.  20 


TaUe  IV«t  (ContfaiMd).    BaoMiiti  of  Rirvtod  PUte  Oiitei 

Sixes 

Weight 

^er  foot 

Ufamirttifti 

Sectioa- 

Web- 

inniiiimm 

end.      : 

moduliu. 

plate 
and 

reaction  in' 

uisi'i. 

Web- 

Flange- 

Flange- 

Flange- 

thousands 

ii^ 

pUte. 

angles. 

plates. 

flange- 
angles. 

plates. 

of 

in 

in 

in 

lb 

pounds 

lb 

4733 

5X3ViXH 

132.8 

103.4 

47S.7 

6X4    XH 

133.6 

103.4 

S^.8 

6X6    XH 

150.4 

157. 5 

543'.  S 

6X4    XH 

148.0 

102. 4 

567.2 

5X3HX^6 

wXH 

X08.0 

40.8 

XO2.4 

6QS.6 

6X4    XH 

163.4 

102  4 

619.7 

5X3^XH 

12XH 

108.0 

Si.o 

103  4 

649.5 

6X4    XH 

X4XH 

X18.4 

47.6 

103.4 

677.1 

36XM« 

5X3^iXH 

X2XH 

120.8 

SI.O 

102.4 

687.3 

6X6    XH 

14XH 

X32.0 

47.6 

157  5 

710.8 

6X4    XH 

14XH 

118.4 

595 

IQ2.4 

748.4 

6X6    XH 

14XH 

X32.0 

595 

157-5 

779.S 

6X4    XH 

14XH 

133.6 

595 

103. 4 

809.5 

6X6    XH 

14XH 

132.0 

71.4 

157  5 

825.9 

6X6    XH 

14XH 

ISO. 4 

595 

157  5 

840.4 

6X4    XH 

14XH 

133-6 

71.4 

X02.4 

886.6 

6X6    XH 

14XH 

ISO. 4 

71.4 

157-5 

905.  s 

6X4    XH 

I4XH 

148.0 

71.4 

102.4 

4x8.0 

6X4    XH 

126. 0 

117  0 

456.9 

6X6    XH 

1396 

180.0 

489.0 

6X4    XH 

141. 2 

117.0 

537. 1 

6X6    XH 

158.0 

x8o  0 

SS6.9 

6X4    XH 

155-6 

117. 0 

614.5 

6X6    XH 

176.0 

180  0 

621.9 

6X4    XH 

X70.0 

117  0 

66a.5 

6X4    XH 

14XH 

X26.0 

47.6 

1x7.0 

669.2 

6X6    XH 

193.6 

sSo.c 

700.3 

6X6    XH 

X4XH 

1396 

47.6 

180.0 

723.7 

6X4    XH 

I4XH 

126.0 

595 

1x7  0 

761.3 

36xft 

6X6    XH 

I4XH 

139.6 

595 

180  c 

792.3 

6X4    XH 

X4XH 

141.2 

595 

1x7.0 

823.3 

6X6    XH 

X4XH 

139.6 

71.4 

180.0 

838.8 

6X6    XH 

14XH 

158.0 

S9S 

180  c 

853.2 

6X4    XH 

X4XH 

141.3 

71.4 

JX7.0 

899.4 

6X6    XH 

14XH 

158.0 

71.4 

x8o  c 

918.3 

6X4    XH 

14XH 

155.6 

71.4 

117. c 

973.7 

6X6    XH 

14XH 

176.0 

71.4 

180.Q 

1039.4 

6X4    XH 

14X1 

155.6 

95.2 

X17  0. 

X  094.x 

6X6    XH 

X4XX 

176.0 

95.2 

180.0 

I  lOX.I 

6X4    XH 

X4XI 

170.0 

95.2 

117  0 

X  164.9 

6X6    XH 

14X1 

193.6 

95.2 

180.  c 

444.7 

36XH 

6X4    XH 

141.3 

X46  .^ 

483.S 

6X6    XH 

154.9 

925.^ 

*  From  Pocket  Companioa,  191 5  Edition,  Carnegie  Sleel  Company,  PiUabuxsh,  Pi 
t  For  explanation  of  table,  see  page  706. 
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Tables  Used  in  the  Desgn  of  Plate  and  Box  Girders        711 
Tahl«  IV *t  (ContiiniMl).    EltoMnte  of  Riveted  Plate  Oirden 


Sises 

Weight 

perfect 

Maximum 
end- 

Section- 

Web- 

modulus. 

plate 
and 
flange- 
angles. 

reectioain 

AIUl-I. 

Web. 

Plange- 

Plange- 

Flangfr. 

thousands 

io^ 

plate. 

angles. 

pUtet, 

plates. 

of 

in 

in 

in 

lb 

pounds 

lb 

5X5.7 

6X4XH 

XS6.S 

X46.3 

S63.7 

6X6XH 

173.3 

225.0 

S83.5 

6X4XM 

170.9 

X46  3 

641.3 

6X6XH 

I9X.S 

22s. 0 

Ms 

6X4XH 

X85.3 

X46.3 

6W.4 

6X4XV4 

14X4 

14x3 

47.6 

X46.3 

7IS-8 

6X6X% 

aog.9 

225.0 

736.2 

6X6XH 

X4X4 

IS4.9 

47.6 

749.4 

6X4XH 

14X56 

14X.3 

595 

X463 

7»7.0 

6X6XV4    . 

14X5* 

X54.9 

59  5 

225  0 

818.x 

^XH 

6X4X5i 

14X56 

XS6.S 

59- 5 

146.3 

847.9 

6X6X4 

14X54 

IS4.9 

7X.4 

225.0 

864.6 

6X6XH 

UX5i 

173.3 

59  5 

225.0 

878.8 

6X4XH 

UX54 

XS6.S 

7X.4 

X46.3 

9349 

6X6XH 

14X54 

173.3 

7X.4 

225.0 

943.9 

6X4XH 

14X54 

170.9 

71.4 

X46.3 

999-3 

6X6XH 

14X54 

19x3 

7X.4 

225.0 

I04«.» 

6X6XH 

I4XX 

173.3 

95.2 

22s. 0 

1064.7 

6X4X51 

X4Xx 

170.9 

95.2 

X46.3 

1 1193 

6X6X54 

X4XX 

X9X.3 

95.2 

225.0 

I  ia6.3 

6X4XH 

X4X1 

185.3 

95.2 

X46.3 

1190.X 

6X6X?i 

14XX 

208.9 

95.2 

225.0 

390.2 

6X4XH 

102.8 

101.3 

427.S 

6X6XH 

XI3.2 

IS7.S 

4772 

6X4X4 

1X8.4 

101.3 

527.2 

6X6X4 

X32.0 

157. 5 

561.4 

6X4XH 

X33.6 

XOX.3 

606.6 

6X4XH 

X4XH 

X02.8 

35.7 

10X.3 

623-5 

6X6XH 

X50.4 

157.  S 

638.3 

6X4XH 

16x54 

102.8 

40.8 

XOI.3 

642.1 

6X4X54 

148.0 

XOI.3 

643.2 

6X6XH 

X4X54 

XI3.2 

35.7 

1575 

675.x 

42XH 

6X6XH 

x6XH 

XX3.2 

40.8 

157. 5 

678.6 

6X4XH 

14X4 

X02.8 

47.6 

I0X.3 

7IS.« 

6X6XH 

14X4 

xx3.a 

47.6 

157.S 

716.5 

6X6X54 

X68.4 

XS7.5 

719.5 

6X4XH 

X62.4 

X01.3 

757.7 

6X6XH 

x6X4 

xx3.a 

54.4 

1575 

763.7 

6X4X4 

X4X4 

xx8,4 

47.6 

10X.3 

787.2 

6X6X5i 

X4X54 

xi3.a 

59.5 

157. 5 

806.2 

6X4X4 

x6X4 

XI8.4 

54.4 

IOI.3 

«o6.4 

6X6XJi 

X86.0 

I57.S 

8x2.7 

6X6XW 

14X4 

132. 0 

47.6 

XS7.S 

*  From  PodMt  Omfiuatm,  191S  Editioii,  Cwncffe  Steol  Compuy,  Pittebiugh;  Pa. 
t  For  nrpianatirm  of  tabk,  see  pa«e  706, 
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712  Riveted  Sted  Plate  and  Box  Girders  Chap.  20 

TftUe  IV*t  (CoDtiiiiied).    ElemMits  of  Riv«tod  Flat*  Oifdcn 


Sises 

Weight  per  foot 

MaTirnutn 

end. 

SecUoa. 

Web- 

plate 
and 
flange- 
angles, 
lb 

reaction  in 

axisi-i. 

Web- 

Flange- 

Flange- 

Flange- 

tbotisands 

in* 

plate, 

angles, 

plates. 

pUtes. 

of 

in 

in 

in 

lb 

8355 

6X4X^4 

14XH 

1x8.4 

59  5 

XOX.3 

855.2 

6X6X1^ 

16XV4 

132.0 

54-4 

XS7.5 

884.2 

6X6X^ 

14XH 

132.0 

595 

1575 

917. 3 

6X4XH 

14XH 

133.6 

59  5 

X01.3 

9373 

6X6XH 

16XH 

133.0 

68.0 

157  5 

955. 7 

6X6X^ 

14X94 

132.0 

71-4 

157-5 

9704 

6X4XH 

16XH 

133.6 

68.0 

101.3 

9n.6 

6X6XH 

14XH 

150.4 

595 

157. 5       , 

9«8.7 

6X4XH 

HXH 

133.6 

71.4 

101.3 

X  030.8 

42XH 

.    6X6XH 

X6XH. 

150.4 

68.0 

157. 5       ' 

1  048.6 

6X6XH 

14X94 

150.4 

71.4 

157. S 

1066.6 

6X4X?4 

X4XW 

148.0 

71  4 

X01.3 

I  112. 4 

6X6XH 

X6X94 

ISO.  4 

81.6 

157  S 

1130.4 

6X4Xf4 

16XH 

148.0 

81.6 

101.3 

1138.S 

6X6XH 

14X94 

168.4 

71  4 

157. 5       1 

X  X94.I 

6X6XH 

16XH 

150.4 

95.2 

157  5       1 

X  202.3 

6X6XH 

X6X94 

168.4 

81.6 

157  5 

X283.S 

6X6XM 

i6X'/i 

168.4 

95  2 

•157  S 

1286.4 

6X4X'^4 

x6XH 

163.4 

95.2 

101.3 

13699 

6X6X54 

16XH 

186.0 

95.2 

.S7.S    ; 

1          495.3 

6X4XH 

127.3 

118.  X 

'          545.4 

6X6XVi 

140.9 

183.8 

5795 

6X4XH 

143.S 

1x8.1 

64x6 

6X6XH 

1593 

183.8 

660.2 

6X4XW 

156.9 

1X8. 1 

734.7 

6X6XH 

177.3 

1838 

737.6 

6X4XH 

171.3 

1x8.x 

78X.S 

6X4XH 

I4XV4 

127.3 

47.6 

1x8.1 

824.0 

6X4X>'i 

16XW 

127.3 

54-4 

X18.1 

8x1.6 

6X6X^4 

194.9 

183.8 

830.4 

6X6XW 

X4XV4 

140.9 

47.6 

183.8 

853.1 

4aXM« 

6X4XH 

14XH 

127.3 

59  S 

1x8.x 

8729 

6X6XW 

x6X^ 

140.9 

54-4 

183.8 

901.8 

6X6X^4 

X4XH 

140.9 

59  5 

183-8      1 

9349 

6X4XH 

i4X9i 

142. 5 

595 

XX8.K 

9549 

6X6XH 

16XH 

140.9 

68.0 

183.8 

973.2 

6X6xHi 

14X94 

140.9 

71  4 

183.8 

988.X 

6X4XH 

16XH 

143.5 

68.0 

1x8.1 

995-3 

6X6XH 

14X94 

1593 

595 

183.8 

1006.3 

'      6X4XH 

14X94 

142.5 

71.4 

1X8.  x 

1048.4 

6X6XH 

16X94 

1593 

68.0 

183.8 

1066.2 

6X6XH 

14X94 

1593 

71  4 

183.8 

X084.1 

6X4XH 

14X94 

1569 

71.4 

1X8. X 

*  From  Podcet  CompanSoo,  19x5  Edition,  Canegie  Sted  Company,  Pittsboigh.  Pa. 
t  For  ezpUaation  of  table,  lee  page  706. 
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Table  IV*t  (CoatiniMd).    Btemente  of  Rhetad  Plate  Gtiden 


Sices 

Weight 

per  foot 

end- 

Section- 

Web. 
plate 
and 
flange- 
angles. 

modulus. 

reaction  in 

aiis  x-z. 

Web. 

Flange- 

Flange* 

Flange* 

thousands 

ini 

plate* 

angles. 

plates. 

plates. 

of 

in 

in 

in 

lb 

pounds 

lb 

i"9  9 

6X6XH 

16X54 

IS93 

81.6 

183.8 

1  M7  9 

6X4XH 

16X54 

156.9 

81.6 

118. 1 

I  156.0 

6X6X^4 

14X54 

1773 

71.4 

183.8 

I  2U.6 

42XH 

6X6XH 

i6X5i 

159  3 

95.2 

183.8 

I  219  8 

6X6X54 

16X54 

177  3 

81.6 

183.8 

1300.9 

6X6X« 

16XH 

177.3 

95. 2 

183.8 

13873 

6X6XH 

16XH 

194.9 

95. 2 

183.8 

SI3S 

6X4X^4 

136.2 

135  0 

S63.S 

6X6XVi 

1498 

210.0 

5977 

6X4XH 

151. 4 

135.0 

6S98 

6X6XH 

168.2 

210.0 

6784 

6X4X54 

165.8 

135  0 

7>»8 

6X6X54 

186.2 

210.0 

7SS8 

6X4XU 

180.2 

135.0 

7992 

6X4XW 

i4XV*j 

136.2 

47.6 

13s  0 

841.7 

6X4XW 

16XH 

136.2 

54.4 

135.0 

8427 

6X6XH 

203.8 

2t0.0 

848  I 

6X6XJ'i 

X4X^i 

149.8 

47.6 

210.0 

8708 

6X4XV4 

i4X5i 

136.2 

595 

135  0 

8906 

6X6XV4 

i6X^^i 

149-8 

54. 4 

210.0 

919  4 

6X6XH 

14X56 

149.8 

59.5 

210.0 

952  6 

6X4XH 

14X56 

151. 4 

59  5 

135  0 

972  6 

42XH 

6X6XM 

i6X5« 

149.8 

68.0 

210.0 

990.8 

6X6XW 

14X54 

149.8 

71.4 

210.0 

loos  7 

6X4XH 

x6X5i 

151.4 

68.0 

13s  0 

I  oxa.9 

6X6XH 

X4XH 

168.2 

59  5 

aio.o 

1023  7 

6X4XH 

14X54 

151. 4 

71.4 

135  0 

1066.0 

6X6XH 

16XH 

168.2 

68.0 

210.0 

1083.7 

6X6XH 

14X54 

168.2 

71.4 

210.0 

1  X01.7 

6X4X54 

14X54 

165.8- 

71.4 

135.0 

I  147.5 

6X6XH 

16x54 

168. a 

8X.6 

210.0 

I  16S.4 

6X4X5* 

16x54 

.   165.8 

81.6 

1350 

I  173.6 

6X6X5* 

14X54 

186.2 

71.4 

210.0 

I  329  0 

6X6XH 

i6X7^ 

168.2 

95.2 

210.0 

I  237.4 

6X6X54 

16X54 

186.2 

81.6 

aio.o 

I  318.4 

6X6X54 

i6X^ 

186.2 

952 

210.0 

I  321. a 

6X4X56 

16XH 

180.  a 

95.2 

135.0 

1404.7 

6X6XH 

16XH 

303.8 

95.2 

aio.o 

466.9 

6X4X5i 

no. 4 

121.5 

SW.7 

6X6X5i 

120.8 

180.0 

S67.4 

48XH 

6X4XV4 

126.0 

121.5 

6289 

6X6XW 

139-6 

180.0 

664.9 

6X4XH 

141.  a 

121. 5 

*  Finei  Pocket  Companion,  1915  Edition,  Carnegie  Steel  Company,  Pittsboigfa,  Pa. 
t  For  esplanatioa  of  table,  see  page  706. 
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Table  IV*t  (ContmiMd).    BImmoIs  of  Rhr«C«d  Plate  GMm 


Sues 

Weight 

per  foot 

end- 

Section- 

Web- 

modulus. 

plate 
and 
flange- 
angles. 

reaction  in 

axis  i-i. 

Web- 

Ftange- 

PUngo- 

Plange- 

thousands 

in* 

pUte. 

angles. 

pUtet. 

platcs. 

of 

in 

in 

in 

lb 

pounds 

lb 

714.4 

6X4XH 

14XH 

X10.4 

35. 7 

121. 5 

741.3 

6X6XH 

158.0 

180.0 

7S0.8 

6X4XH 

16XH 

110.4 

40.8 

121.5 

7S8.S 

6X4X)4 

155.6 

121. 5 

7S9.S 

6X6XH 

14XH 

120.8 

35.7 

180.0 

7959 

6X6XH 

16XH 

120.8 

40.8 

180.0 

797.0 

6X4XH 

i4X^ 

II0.4 

47.6 

121. S 

841.9 

6X6XH 

14XW 

120.8 

47.6 

180.0 

84S.3 

6X4XH 

170.0 

121.  S 

650.1 

6X6XH 

176.0 

180.0 

890.4 

6X6XH 

I6XV4 

120.8 

54.4 

180.0 

895S 

6X4X^    . 

I4XV4 

ia6.o 

47.6 

121.5 

934  3 

6X6XH 

14XH 

X20.8 

59.5 

180.0 

944.0 

6X4XV4 

16X^4 

126.0 

54.4 

121.5 

955  a 

■     6X6X'/i 

1936 

X80.O 

955.8 

6X6X^4 

14XW 

1396 

47.6 

x8o  0 

977.7 

6X4XVi 

14XH 

126.0 

595 

121  s 

I  004.3 

48X5^ 

6X6xVi 

i6X''4 

139.6 

54:4 

180.0 

1037  6 

6X6X^4 

14XH 

139.6 

595 

180.0 

•     1072.7 

6X4XH 

14XH 

141. 2 

595 

121. 5       1 

1098.3 

6X6X^4 

16XH 

139.6 

68.0 

1800      1 

I  119.5 

6X6X^i 

14X*4 

139.6 

71.4 

x8o  0      1 

1133  3 

6X4XH 

16XH 

141.2 

68.0 

121.5 

I  147.1 

6X6XH 

14XH 

158.0 

59  5 

180.0      1 

1154  4 

6X4XH 

14XH 

141.2 

71.4 

i«.5      1 

1207.8 

6X6XH 

16XH 

158. 0 

68.0 

180.0      ' 

I  228.4 

6X6XH 

UXH 

158  0 

71.4 

180.0 

1245  2 

6X4X^4 

14X^4 

155.6 

71.4 

121   5 

I  301.2 

6X6XH 

i6X*4 

158.0 

81.6 

180.0 

1  317.9 

,  6X4X>4 

i6X% 

155.6 

81.6 

121  S 

1334.0 

, 

6X6XH 

14X^4 

176.0 

71.4 

180.0    1 

1394.7 

6X6XH 

i6XT<i 

158.0 

95.2 

180.0 

1406.7 

6X6XM 

i6X?i 

176.0 

81.6 

180.0 

X  498.1 

6X4X'^ 

16XTI1 

170.0 

95.2 

121  5 

14997 

6X6X^4 

16X^4 

176.0 

95.2 

180.0 

1601.3 

6X6XH 

16X^4 

193.6 

95.2 

x8o.o 

591  2 

6X4XW 

IJ6.2 

141. 8 

652.7 

6X6X^4 

149  8 

210.0      • 

688.7 

6X4XH 

151  4 

141.8 

765.0 

48XMs 

6X6XH 

168  2 

210.0      1 

783.3 

6X4X^4 

165  8 

141. 8      1 

872.1 

6X4X'.^ 

180.2 

141. 8 

1          873-8 

6X6XH 

186.2 

31O0 

*  From  Pocket  CorapanioD.  191 5  EdltloD.  CanM«ie  Sted  Company,  Pittabargh,- Pa. 
t  For  explanation  of  table,  see  page  706. 
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nr^  (CiiMi  J),    tliwiiiiii  of  Ukf^trnd  Pkto  Gktes 


Soes 

Wci^t 

per  foot 

Maiimnin 

1 

1 

Web- 

end- 

Web-            Fiance- 

Pi'i^    '      mfes. 

m                  in 

Flangt- 
in 

plate 

and 

flan«e- 

Flange- 
lb 

reaction  in 

tbousands 

of 

pounds 

Ib 

6X4XH 

14XH 

136a 

47.6 

UI.8 

6X4XH 

16XH 

i36.a 

54-4 

UX.8 

;      6X6X"/i 

aosS 

2tO.O 

6X6X^ 

UXH 

U9.S 

47.6 

210.0 

6X4XVi 

UXH 

1^62 

595 

MI  8 

6X6XV4 

i6XH 

U98 

54-4 

aio.o 

6X6XH 

UXH 

U9« 

59-5 

210.0 

6X4XH 

UXH 

151  4 

59  5 

Ui-8 

6X6XVi 

i6XH 

U98 

68.0 

210.0 

6X6X^ 

UXH 

U98 

71  4 

210.0 

6X4XH 

16XH 

151  4 

68.0 

Ui  8 

4SXM.        ^>^^Xt* 

UXH 

168  2 

59  5 

210.0 

?^^X^ 

14X54 

151  4 

71  4 

U1.8 

6X6XH 

i6XH 

168  3 

680 

210.0 

6X6XH 

I4X»4 

i68  2 

71.4 

210.0 

6X4X54 

14X54 

165  8 

71  4 

141  8 

6X6XH 

16X54 

168  2 

81  6 

210.0 

6X4X54 

16X54 

i6s  8 

81.6 

UI.8 

1      6X6X54 

14X54 

186  2 

71.4 

210.0 

1      ?^^^^ 

16X^4 

1682 

95  2 

210.0 

«>X6X^4 

16X54 

186  2 

81  6 

210.0 

6X4XH 

i6Xli 

180  2 

95  2 

141. 8 

6X6XH 

i6XH 

186  2 

95  2 

210.0 

6X6XH 

i6XJi 

203.8 

95.2 

2io.e 

6X4XH 
6X6X^^ 
6X4XH 
6X6X5i 
6X4X54 
6X4XH 
6X6X54 
6X4XH 

UXH 

146.4 
160  0 
i6i.6 
1784 
176.0, 
190.4 
196.4 
•    146.4 

47.6 

162.0 
240.0 
162.0 
240.0 
162.0 
162.0 
240.0 
162.0 

««x» 

6X4XVi 
6X6XH 
6X6XH 
6X4XVi 
6X6XH 

i6XH 
UXH 

UXH 

146.4 
160.0 

2UO 
1464 

54  4 
47.6 

59  5 

162.0 
240.0 
240.0 
162.0 

i6XH 

160.0 

54.4 

240.0 

6X6XH 
6X4XH 

UXH 
UXH 

160  0 
161.6 

595 
59  5 

240.0 
162.0 

6X6XH 

i6XH 

160.0 

68.0 

240.0 

6X6XH 
6X4XH 

14X^4 
i6XH 

160.0 

161. 6 

71.4 
68.0 

240.0 
162.0 
240.0 

6X6XH 

UXH 

178.4 

595 

t  fTt^^^i^^-'^l^f^*  C»n»^  Sted  Company,  PittsbuiKh.  Pa. 
•«**:,  see  pi^  706. 
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TmMe  IV  *t  (Coatiniied).    Blements  of  Riveted  Ptaite  Girden 


Section- 
modulus, 
axis  i-i, 
in" 

Sizes 

Weight  per  foot 

Maximum 

end- 
reaction  in 
thousands 
of 
pounds 

Web- 
plate, 
in 

Flange- 
angles, 
in 

Flange- 
plates, 
in 

Web- 
plate 
and 
flange- 
angles, 
lb 

Flange- 
pUtes, 

lb 

xaoo.5 
1254.1 
1274.5 

1391.2 
1347.3 
1364.0 
1380.0 
1440.6 
1452.8 
1543.9 
1545-6 
1647.1 

48XH 

6X4XH 
6X6XH 
6X6XH 
6X4XM 
6X6XH 
6X4XW 
6X6X^< 
6X6XH 
6X6X^ 
6X4XH 
6X6X^4 
6X6XH 

14X^4 
i6XH 
14X^4 
14XH 
16XH 
16XH 
14X>i 
i6XVk 
i6XH 
16XH 
16XH 
16XH 

161.6 
178.4 
178.4 
176.0 
178.4 
176.0 
196.4 
178.4 
196.4 
190.4 
196.4 
ai4.o 

71.4 
68.0 
71.4 
71.4 
81.6 
81.6 
71.4 
95.2 
8x6 
95.2 
95.2 
95.2 

162.0 
240.0 
240.0 
163.0 
240.0 
16a.  0 
240.0 
240.0 
240.0 
xfb.o 
240.0 
240.0 

*  From  Pocket  Companion,  191 5  Edition,  Carnegie  Steel  Company.  Pittsburgh,  Pa. 
t  For  explanation  of  table,  see  page  706. 
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CHAPTER  XXI 

STRENGTH  AND  STIFFNESS  OF  WOODEN  FLOOES 

By 
THOMAS  NOLAN 

PXOFESSOK  OF  AHCHITECTUllAL  CONSTRUCTION,  UNTVEKSITY  OF  PENNSYLVANIA 

The  Problema  Stated.  The  problems  which  are  presented  in  this  part  of 
building-construction  are,  in  general,  (i)  the  designing  of  the  joists  and  girders 
forming  the  framework  of  the  floor  to  safely  support  the  greatest  load  likely  to 
come  upon  it,  and  (2)  the  determination  of  the  maximum  safe  load  for  a  floor 
already  built.  The  first  of  these  problems  is  the  one  with  which  architects 
and  builders  more  commonly  have  to  deal,  and  is,  therefore,  considered  first. 

Layout  of  the  Floor-Fnuning.  Before  any  calcuUitions  can  be  made  for 
the  szes  of  the  timbers  it  is  necessary  to  know  the  spans  of  the  joists,  and,  if 
there  are  openings  in  the  floor,  or  the  floor-joists  have  to  support  longitudinal 
partitions,  a  framing-plan  should  be  made,  showing  the  floor-area  that  will 
be  supported  by  each  joist,  and  also  the  position  of  partitions  or  special  loads. 
If  the  floor  is  to  be  supported  by  posts  and  girders  the  position  of  these  should 
also  be  accurately  indicated  on  the  framing-plan.*  Where  the  joists  are  sup- 
ported entirely  by  walls  or  partitrans,  the  spans  of  the  joists  will  of  course  be 
fixed  by  the  plan  of  the  building.  When  the  distance  between  a  wall  and  a 
partition  is  too  great  for  a  single  span,  there  may  be  a  question  as  to  the  best 
locations  for  the  posts  and  girders.  When  planning  a  building  in  which  wooden 
joists  are  to  be  used,  it  h  important  to  keep  in  mind  the  general  scheme  of  the 
floor-framing  and  particularly  the  spans.  Whenever  practicable  the  spans  of 
wooden  joists  should  not  exceed  24  ft.  When  the  dbtance  between  the  sup- 
porting walls  exceeds  30  ft,  girders  should  be  placed  so  that  the  maximum  si>an 
of  the  joists  will  not  exceed  24  ft  for  light  buildings  nor  from  16  to  18  ft  for 
warehouses. 

In  School  Buildings  it  is  desirable  to  have  the  rooms  at  least  27  ft  wide,  and 
hence  in  this  class  of  buildings  the  joists  usually  have  spans  of  from  37  to  30  ft. 
For  a  span  of  30  ft,  however,  i6-in  joists  should  be  used,  and  as  these  are  expen- 
sive, and  often  difficult  to  obtain,  it  is  much  better  and  more  economical  to 
make  the  schoolrooms  37  by  32  or  34  ft,  than  to  make  them  30  ft  square.  A 
schoolroom  37  ft  wide  by  from  32  to  34  ft  long,  with  windows  on  the  long  side, 
only,  is  economical  and  satisfactory,  as  it  permits  of  using  3  by  z4-in  joists, 
28  ft  long,  and  also  results  in  the  most  satisfactory  lighting. 

ConliBiioaa  Joists.  When  joists  are  supported  by  a  girder  placed  so  that  a 
24-ft  or  36-ft  joist  extends  over  the  two  spans,  it  is  always  better  to  have  the 
joists  continuous  over  the  girder,  as  by  that  construction  they  make  a  much 
stiffer  floor.    (See  Chapter  XDC.) 

Floor-Loads.  Having  decided  on  the  arrangement  of  the  joists, 'and  drawn 
a  framiog-plan  showing  the  span  and  the  k)cations  of  all  special  timbers,  the 

*  For  a  detailed  description  of  the  manner  of  framing  wooden  floors  the  reader  is  re- 
lened  to  Buiktittg  ConstnictMtt  and  Superintendence,  Part  n,  Carpenten'  Work,  by 
F.£.Kklder. 
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next  step  involves  the  determination  o(  the  loads  for  which  the  joists  and  girders 
are  to  be  proportioned.  Floor-loads  are  made  up  of  two  parts,  the  weight  of 
materials  composing  the  floor  itself,  and  the  ceiling  below,  if  there  is  one;  and 
the  load  liable  to  be  put  on  the  floor.  The  first  is  called  the  dead  load,  and 
the  second  the  live  load.  When  the  safe  load  for  a  floor  is  spoken  of  the 
live  load  is  general^  mout. 

Weight  of  Wooden  Floor-Construction.  Wooden  floors  usually  consist  of 
(i)  beams,  commonly  called  joists,*  or  floor- joists,  (2)  one  or  two  thcknesses 
of  flooring-boards,  and,  in  a  finished  building;  (3)  a  cdling  underneath  the 
joists.  In  figuring  the  weight  of  H-in  flooring-boards  it  will  be  sufficiently 
accurate  to  estimate  the  weight  of  a  single  thickness  at  3  lb  per  sq  ft.  The 
joists  may  also  be  figured  at  3  lb  per  ft,  isoard-measure,  with  the  exception  of 
hard-pine  and  oak  joists,  which  should  be  figured  at  4  lb  per  ft,  board-measure. 
The  weight  of  the  joists  must  also  be  reduced  to  their  equivalent  weight  per 
square  foot  of  floor.  Thus,  the  weight  of  a  2  by  la-in  joist  is  about  6  lb  per  lin 
ft.  If  the  jobts  are  spaced  t 2  in  on  centers,  this  will  be  equal  to  6  lb  per  sq  ft; 
but  if  the  joists  are  16  in  on  centers  there  will  be  but  one  lineal  foot  of  joist 
to  every  iH  sq  ft,  which  will  be  equivalent  to  4%  lb  per  sq  ft;  and  if  they  are 
20  in  on  centers,  the  weight  will  be  equal  to  3W  lb  per  sq  ft;  spaced  34  in  on 
centers,  the  weight  will  be  3  lb  per  sq  ft.  The  weight  of  a  Uth-and-plaster 
ceiling  should  be  taken  at  10  lb  per  sq  ft,  and  of  a  H-ia  wooden  ceiling  at  iH  lb 
per  sq  ft.  A  corrugated-iron  ceiling  weighs  about  i  lb  per  sq  ft.  For  stamped- 
steel  ceilings,  2  lb  per  sq  ft  will  cover  the  weight  of  the  metal  and  furring.  The 
foUowing  table,  giving  the  wdght  of  joists,  mil  be  found  convenient  in  figuring 
the  weight  of  floors: 


Table  I.    Weight  of  Floor-Joists  per  8«osre  Foot  of  Floor 


Sizes  of  joists 


m 


Spruce,  hemlock, 
white  pine 


Spacing  in  inches, 
rtoc 


lb 


x6 


lb 


Hard  pine  or  oak 


Spacing  in  inches, 
center  to  center 


lb 


16 


lb 


2X  6 
ax  8 
3X  8 
2X10 
3X10. 
2Xia. 
3X12. 
aXi4 
3X14. 


3 

4 
6 
5 

6 
9 
7 

io!4 


2H 

4 

3 

sH 

4V4 

8 

3W 

6H 

5M 

10 

7H 

4H 

8 

694 

12 

SV4 

9V4 

m 

14 

loH 

Weight  of  Crowds.    I   J.  Johnson  reports  f  results  of  some  testa  to  ascer- 
tain the  weight  of  crowds  ot  men,  in  which  he  obtained  weights  of  i34-a,  143-9, 

*  Some  buHdinit  laws  use  the  term  rLoot-BKAM  Instead  of  the  word  |0IST. 
t  See  Engineering  News,  April  14,  1904. 
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i48li  aod  156.9  lb  per  sq  ft.  The  last-mentioned'weight  was  obtaioed  by  pack- 
ing 67  men  in  a  xoom  about  6  by  11  ft  in  size.  Professor  Johnson  also  found 
that  with  50  men  in  the  room,  making  a  load  of  122  lb  per  sq  ft,  the  crowd  was 
compacted  "so  that  a  man  coukl  elbow  his  way  through  it  only  with  persever- 
ance and  determined  effort. " 

Superimposed  Loads.  There  is  much  difference  of  opinion  as  to  what 
allowance  should  be  made  for  the  live  load.  Table  II  shows  the  minimum 
allowance  for  live  loads  for  different  classes  of  buildings,  as  fixed  by  the  build- 
ing laws  of  the  dties  mentioned.     (See,  also,  page  149.) 


TaUe  XL    Minhnum  Sale  Superimposed  Loads  for  Floors*  Reqaired  by 
Various  Building  Laws 


Classes  of  buildings 


Minimum  live  load  per  square  foot  of  floor 


Buffalo, 
X905 


Boston. 
191a 


Chi- 
cago, 
19XX 


Phila- 
delphia, 
1913 


New 

York. 
1906 


St. 

Louis. 

1910 


Dwellings 

Hotels,  tenements  and  lodg- 


Offio&*baildings 

BoildingB  for  public  assembly 

Stores,  warehouses  and  mfg. 

bldgs 


70 
70 
xoo 

laot 


so 

SO 
xoo 
aco 

125  t 


so 
SO 

xoo 

loot 


70 
70 

xoo 

120 
X20t 


60 

60 

60 

75* 
90 

70* 
loot 

I20t 

tsot 

*  First  floor,  xso  lb. 


t  Also  ichoolhouses. 


I  And  upwards. 


It  was  the  opinion  of  Mr.  Kidder  that  the  following  allowances  for  floor-loads, 
taken  in  connection  with  the  values  given  for  the  safe  strength  of  joists  or  beams, 
provide  absolute  safety  with  proper  allowance  for  economy. 

Lb  per 
iqft 

For  dwdlings,  sleeping-rooms  and  k>dging«iooma -  40 

For  schoolrooms so 

For  office-buildings,  upper  stories 60 

For  office-buildings,  first  story 8q 

For  stables  and  carriage-houses 65 

For  banking-rooms,  churches  and  theaters 80 

For  assembly-halls,  dandng-halb  and  the  corridors  of  all  public 

buildings,  including  hoteb 120 

For  drill-rooms 150 

Lire  Loads  for  Stores  and  Buildiiigs  for  Light  Mannfactnring.  Floors  for 
onfinary  stores,  light  manufacturing  and  light  storage  should  be  computed  for 
not  less  than  120  lb  per  sq  ft,  and  for  a  concentrated  load  at  any  point  of 
4  000  lb. 

Live  Loads  for  DwelUngs,  etc.  Floors  of  dwellings,  tenements,  lodging-houses 
and  rooms  in  hotels,  are  seldom  loaded  with  more  than  20  lb  per  sq  ft  for  the 
entire  area,  and  a  minimum  load  of  40  lb  per  sq  ft  should  provide  for  all 
possible  contingencies. 
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Lire  Loads  for  Offlce-Buildmgi.  The  0oors  of  offices  are,  as  a  rule,  not  tnor« 
heavily  loaded  than  the  floors  of  dwellings,  but  the  possibilities  for  increased 
loads  from  safes  and  heavy  furniture,  and  possibly  from  a  more  compact  crowd 
of  people,  are  greater,  so  that  the  minimum  floor-load  for  offices  should  be  some^ 
what  increased.,  Some  years  ago  the  firm  of  Blackall  &  Everett,  in  Boston, 
found  that  the  average  live  load  in  aio  offices,  in  three  prominent  office-building 
in  that  dty,  was  between  x6  and  17  lb  per  sq  ft,  while  the  average  load  for  the  10 
heaviest  office-buildings  was  33-3  lb  per  sq  ft.  As  such  loads,  however,  are  as 
a  nde  unevenly  distributed,  some  portions  of  the  floor  being  generally  much 
more  heavily  loaded  than  others,  it  would  not  appear  to  be  safe  to  use  this 
average  to  determine  the  strength  of  floor-beams  and  floor-arches,  although  it 
would  probably  answer  for  the  columns.  There  seems  to  be  a  considerable  differ- 
ence of  opinion  among  the  leading  architects  and  structural  engineers  as  to  just 
what  allowance  should  be  made  for  office-floors.  Among  some  of  the  earlier 
fire-proof  office-buildings,  for  example,  may  be  mentioned  the  former  Mills 
Building  in  San  Francisco  in  which  the  live  loads  were  assumed  at  40  lb  per  sq 
ft  for  all  floors  above  the  first.  In  the  Venetian  Building,  Chicago,  the  second, 
third  and  fourth  floors  were  calculated  for  60,  and  the  upper  floors  for  35  lb  per 
sq  ft  of  live  load,  while  in  the  Old  Colony  and  Fort  Dearborn  Buildings  in 
Chicago,  the  live  loads  on  the  floor-beams  were  assumed  at  70  lb  per  sq  ft. 
At  the  present  time  (191 S))  5o,  60,  70,  75,  100  and  150  lb  per  sq  ft  are  the 
minimimi  live  loads  for  the  design  of  floors  of  office-buildings  required  by  the 
building  laws  of  six  different  cities.  C.  C.  Schneider  recommends  *  for  the 
design  of  floors  of  office-buildings  above  the  first  floor,  for  the  uniform  load 
of  the  floor-area,  50;  for  concentrated  loads  applied  at  any  point  of  the  floor, 
5  000;  and  for  the  uniform  load  for  girders,  i  000;  the  50  being  in  pounds  per 
sq  ft,  the  5  000  in  pounds  and  the  i  000  in  pounds  per  linear  foot. 

Live  Loads  for  Churches,  Theaters  and  Schooi-Hottses.  "An  allowance  of 
120  lb  per  sq  ft  for  the  live  load  in  churches,  theaters  and  school-houses  is  much 
greater  than  the  actual  conditions  require.  The  average  size  of  a  schoolroom 
is  about  28  by  32  ft,  and  such  a  room  usually  contains  seats  for  fifty-six  scholars 
and  the  teacher.  Assuming  the  average  weight  of  each  scholar  at  120  lb,  the 
average  live  load,  including  ten  visiting  adults  and  the  desks  and  furniture,  is 
13  lb  per  sq  ft.  Even  supposing  that  the  scholars  of  two  rooms  were  united 
for  some  special  occasion,  there  would  be  only  22  lb  per  sq  ft;  and  this  is  as 
great  a  load  as  it  is  possible  to  imagine  in  such  a  room,  as  the  fixed  desks  prevent 
the  crowding  together  of  the  scholars  except  at  the  sides  of  the  room.  From 
this  reasoning,  therefore,  50  lb  per  sq  ft  would  appear  ample  for  schoolrooms. 
As  a  matter  of  fact,  3  by  14-in  long-leaf  yellow-pine  joists,  16  in  on  centers 
and  with  a  28-ft  span,  have  been  used  for  school-room  floors  for  yean;  but 
such  beams,  if  calculated  by  the  formula  for  stiffness,  would  support  a  live 
load  of  only  43  lb  per  sq  ft.  (Table  XII,  page  643  and  Table  I,  page  718.) 
The  minimum  floor-space  allotted  to  a  single  seat  in  theaters  is  4  sq  ft,  while 
the  average  is  about  5  sq  ft.  Assuming  the  weight  of  an  opera-chair  at  35  lb 
and  of  the  average  adult  at  140  lb,  a  liberal  allowance,  there  results  an  averai^e 
of  44  lb  per  sq  ft  of  floor.  A  minimum  of  80  lb  per  sq  ft  would  therefore  seem 
to  provide  for  any  possible  crowding  during  a  panic,  except  in  corridois.  On 
the  other  hand,  it  has  been  shown  (see  Weight  of  Crowds,  page  718)  that  a 
crowd  of  able-bodied  men  may  result  in  a  load  of  about  120  lb  per  sq  ft,  and 
this  should  be  the  minimum  for  assembly-halls  without  fixed  desks  and  also  for 
the  corridors  of  ail  public  buildings.  For  armories,  the  minimum  load  should 
be  increased  on  account  of  the  vibration. "  f 

•  "General  SpeciGcations  for  Stractural  Woik  of  Buildings."  1910,  page  57. 
t  F.  E.  Kidder. 
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The  AT0tac«  Floor-Locds  for  Stores  has  also  been  greatly  over-estimated. 
W.  L.  B.  Jenney  found  that  the  average  load  on  the  floors  of  the  wholesale  ware- 
house of  Marshall  Field  &  Company,  in  Chicago,  was  but  50  lb  per  sq  ft,  and 
very  few  retail  stores  wiU  average  over  80  lb  per  sq  ft.  An  allowance  of  120  lb 
per  sq  f t  b  suflident  for  ordinary  retail  stores,  with  the  possible  exception  of 
hardware  stores. 

Live  Loads  for  WarehottseB.  Warehouses,  on  the  other  hand,  may  be  very 
heavily  loaded,  and  the  floors  in  buildings  intended  for  the  storage  of  merchan- 
dise should  be  proportioned  to  the  especial  class  of  goods  which  they  are  de- 
signed to  support.  Table  III,  originally  compiled  by  C.  J.  H.  Woodbury,* 
and  to  which  some  additions  have  been  made  by  the  Insurance  Engineering 
Experiment  Station  and  by  Mr.  Kidder,  will  be  found  of  assistance  in  deciding 
upon  the  Eve  load  to  be  assumed  for  warehouse-floors.  The  weights  per  square 
foot  are  for  single  packages.  If  the  goods  are  piled  two  or  more  cases  high, 
the  weight  per  square  foot  of  floor  will  of  course  be  increased  accordingly.  In 
fact,  the  height  to  which  the  goods  are  liable  to  be  piled  b  a  very  important  con- 
sideration in  fixing  upon  the  floor-load.  In  Table  III  "the  measurements  were 
always  taken  to  the  outside  of  case  or  package,  and  gross  weights  of  such  pack- 
ages are  given." 

Methods  of  Determining  the  Sizes  of  Joists,  Beams  or  Girders  Re- 
quired for  Any  Building.  As  already  explained,  the  first  step  is  the  making 
of  a  framing-plan  of  the  floors  or  enough  of  it  to  show  any  special  framing 
and  also  the  span  and  floor-area  supported  by  the  different  jobts,  beams 
or  girders. 


TaUe  IIL    Weights  of  Merchandise 


Materials 


Measurements 


Floo^ 
space, 
sqft 


Con- 
tents, 
cuft 


WetghU 


Total, 
lb 


Per 

sqft 


Per 
cuft 


Wool 


Bale.  East  Ind^a 

Bale,  Australia 

Bale.  South  America. . 

Bale.  Oregon 

Bale.  California 

Bag,  wool 

Stack  of  scoured  wool . 


30 

la.o 

340 

113 

5.8 

36.0 

385 

66 

7.0 

34.0 

I  coo 

143 

6.9 

330 

482 

70 

7  5 

33.0 

550 

73 

.  50 

30.0 

aoo 

40 

Woollen  Goods 


Case,  flannels 

Case,  flannels,  heavy. . 

Case,  dress  goods 

Case,  cashmeres 

Caae,  underwear 

Case,  blankets 

Caae.  horse-blankets. . 


5.5 

12.7 

220 

40 

71 

15  2 

330 

46 

5.5 

32.0 

460 

84 

10.5 

38.0 

550 

52 

7.3 

31. 0 

3SO 

48 

10.3 

35.0 

4SO 

44 

4.0 

14.0 

350 

6^ 

38 

15 
29 
15 
17 

7 
5 


*  The  Fire  Protection  of  Mills,  page  xx8. 
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only  single  flooring  will  be  used  in  the  second  story  and  attic.  We  will  assuin<^ 
that  the  attic* joists  are  to  be  2  by  8  in,  x 6  in  on  centen^  and  that  the  width  o^ 
floor  supported  by  the  partition  is  10  ft. 

The  second-floor  area  supported  by  a  single  joist  is  12  in  by  15  ft»  or  15  sq  ft. 
The  weight  of  the  floor-joists  per  sq  ft  is  5  lb,  of  the  plastered  ceiling  10  lb  and 
of  the  flooring  3  lb,  making  the  dead  load  per  sq  f  t  tS  lb.  For  the  live  or  super- 
imposed load  we  should  allow  40  lb  and  hence  the  load  per  square  foot  on  each 
second'floor  joist  due  to  the  second  floor  and  its  load  is  $8  lb.  As  the  floor* 
area  for  a  single  joist  is  15  sq  ft  the  load  from  the  second  floor  is  15  sq  ft  by 
58  lb  per  sq  ft  or  S70  lb  on  each  joist.  We  must  now  find  what  will  be  the 
load  from  the  partition  and  atUc-floor.  The  attic-floor  and  ceiling  weigh  about 
x6  lb  per  sq  ft,  and  24  lb  is  a  sufficient  allowance  for  the  live  load.  The  weight 
per  linear  foot  on  the  partition  will  therefore  be  400  lb.  A  partition  of  2  by 
4-in  studs,  lathed  and  plastered  on  both  sides,  weighs  about  20  lb  per  sq  ft  of 
face;  hence  the  partition  itself  weighs  tSo  lb  per  lin  ft.  The  partition  and 
attic-floor,  therefore,  bring  a  load  of  580  lb  on  each  second-floor  joist,  cox- 
CENTRATED  at  a  point  ONK-pousTH  of  the  span  from  the  inner  end  of  the  joist. 
To  combine  this  concentrated  load  with  the  bad  from  the  second  floor,  we 
must  multiply  the  concentrated  load  by  1.5  (Table  IV,  page  632),  which  gives 
an  equivalent  distributed  load  of  870  lb.  Adding  this  to  the  second-floor  load 
we  have  i  740  lb  as  the  total  load  for  which  each  joist  should  be  proportioned. 
From  Table  VIII,  page  639,  we  find  that  the  safe  load  for  a  i  by  xo-in  spruce 
joist  of  15-ft  span  b  518  lb;  hence  the  breadth  of  each  joist  should  be  equal  to 
I  740/siS  =  3.36  or  about  sH  in.  Deeper  Joists,  therefore,  must  be  used.  If 
we  try  2  by  12-in  joists,  12  in  on  centers,  the  safe  load  for  a  i  by  lo-in  spruce 
joist  of  is-ft  span  is  747  lb.  Hence  the  breadth  b  x  755/747  ■  a-35  or  about 
2H  in,  indicating  2H  by  12-in  jobts,  12  in  on  centers.  If  the  fiber-stress  is 
assumed  at  800  lb  per  sq  in,  the  values  of  Table  X,  page  641,  may  be  used. 
This  will  give,  for  2  by  12-in  jobts,  12  in  on  centers  and  15-ft  span,  S50  lb  for 
the  safe  load  for  a  i  by  X2-in  joist;  and  i  755/850  »  about  3  in.  The  load  per 
sq  ft  on  each  of  these  joists  is  i  755/15  «  X17  lb;  and  Tables  XVI  and  XXV, 
pages  739  and  744,  give  x6  ft  6  In  and  16  ft  x  in  for  the  majdmam  safe 
spans. 

Example  3.  It  is  required  to  determine  the  sizes  of  the  girders  and  jobts  in 
the  floor  shown  in  Fig.  3,  all  of  the  timbers  being  of  long-lttf  yellow  pine,  and 
the  floor  above  being  supported  by  posts  and  girders  in  the  same  way.  The 
building  is  intended  for  lodging  purposes,  and  the  height  of  the  stoiy  is  xo  ft. 
There  is  to  be  a  double  floor  and  the  ceilings  and  partitions  are  to  be  plastered. 
The  floor-jobts  are  to  be  spaced  16  in  on  centers. 

Solution.  We  wiU  first  determine  the  size  of  the  common  jobts  at  A ,  calling 
the  span  24  ft.  The  floor-area  supported  by  a  single  joist  is  24  by  iH  ft,  or 
32  sq  ft. 

From  Table  XIII  or  XXII,  pages  737  and  742.  for  a  24-ft  span,  2H  by  X4-in 
jobts  are  probably  required.  We  will  allow  SH  lb  per  sq  ft  for  the  weight  of 
jobts  and  bridging  (Table  I,  page  718),  10  for  the  ceiling  and  6  for  the  flooring, 
making  24^  lb  per  sq  ft  for  the  dead  load.  For  the  live  load  we  will  allow  40 
lb  per  sq  ft.  The  load  for  which  the  joists  should  be  proportioned  b,  there- 
fore, 32  by  6.\H  or  2  072  lb.  We  may  use  Table  XII,  page  643,  to  find  the 
maximum  load  for  a  i  by  14-in  joist  of  24-ft  span.  The  deflection-load  given  in 
the  table  b  882  lb;  hence  the  thickness  of  the  jobts  must  equal  2  072/882  » 
2.35  or  about  2H  in.  Therefore  2W  by  14-in  long-leaf  yellow-pine  jdsts,  16  in 
on  centers,  may  be  used,  but  they  should  run  Jfull  2^  in  thick.  The  joi<;t5 
\t  B  (Fig.  3)  have  to  support  a  partition,  but  as  the  span  b  much  Ies8»  and  the 
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near  the  end  of  the  joists,  it  will  be  safe  to  make  them  ol 

1. 

'    (Fig.  3)  have  the  same  floor-load  to  support  as  at  ^4,  ai 

iLTht  of  the  partition,  which  is  concentrated  at  one-third  o 

pport.    As  the  partition  is  lo  ft  high,  X3H  sq  ft  of  partitioc 
.r  each  joist,  the  joists  being  16  in  on  centcn.    Assuming 


-  .... ....  ^•;,r'"yy">.,»» 

' 

1 

1, 

• -Girder  G  under 

1 

^•                                                                                           \ 
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The  Header.  We  will  next  determine  the  required  breadth  for  the  header, 
H  (Fig.  3),  the  depth  being  necessarily  14  in,  the  same  as  for  the  joists. 

The  header  is  14  ft  long  and  must  support  the  floor  half-way  to  the  wall,  or 
a  floor-area  of  14  by  9  ft,  or  126  sq  ft.  Multiplying  this  area  by  6494  lb,  the 
weight  per  square  foot,  we  have  8  159  lb,  the,  total  floor-load  to  be  supported, 
to  which  must  be  added  a  certain  percentage  of  the  partition.  The  portion  of 
the  partition  supported  by  the  header  is  (14  ft  —  i  ft  4  in)  «  i  a  ft  8  in  long  and 
10  ft  high,  and  will  weigh  about  20  lb  per  sq  ft  of  face,  or  a  total  of  2  532  lb. 
As  the  partition  is  one-ninth  of  the  span  from  the  header,  eight-ninths  of  its 
weight  will  be  supported  by  the  header  and  one-ninth  by  the  wall.  Eight-ninths 
of  2  532  is  2  251  lb,  which,  added  to  the  floor-load,  makes  a  total  load  for 
the  header  of  10  410  lb.  From  Table  XII,  p)age  643,  we  find  that  the  safe 
load  for  a  i  by  14-in  beam  of  long-leaf  yellow  pine,  14-ft  span,  is  i  867  lb;  hence 
it  will  require  a  breadth  of  10  410/1  867  »  5.58  in.  If  the  tail-beams  are  framed 
into  the  header,  it  should  be  thicker  to  allow  for  the  weakening  effects  of  the 
framing;  so  that,  in  this  case,  the  header  should  be  at  least  6  by  14  in  in  actual 
cross-section,  before  any  framing  is  done. 

The  Trimmen.  We  will  next  consider  the  trimmer,  T  (Fig.  3).  This 
beam  has  four  loads:  (i)  a  distributed  floor-load;  (2)  a  distributed  load  from 
the  partition  above;  (3)  one-half  the  load  on  the  header  H\  (4)  and  a  small 
direct  load  from  the  longitudinal  partition. 

(i)  The  strip  of  floor  supported  by  the  trimmer  will  be  about  12  in  wide  and 
24  ft  long,  and  will  wogh  64^4  lb  per  sq  ft  x  24  sq  ft «  i  554  lb. 

(2)  The  partition  above  will  weigh  10  x  24  ft  x  20  lb  per  sq  ft »  4  800  lb. 

(3)  One-half  of  the  load  on  ^  is  10  410/2  «  5  205  lb.  .As  this  is  concentrated 
at  one-fourth  the  span  from  the  support,  we  must  multiply  it  by  1.5  (Table  IV, 
page  632)  to  obtain  the  equivalent  distributed  load,  which  then  becomes 
5  205  X  1.5=  7  808  lb. 

(4)  About  8  in  of  the  longitudinal  partition  must  be  supported  by  the  trimmer, 
and  this  will  weigh  10  x  H  ft  x  20  lb  per  sq  ft  -  133  lb.  As  it  is  concentrated 
at  one-third  the  span  from  the  support,  we  must  multiply  by  i  .78  (Table  I\^ 
page  632)  to  obtain  the  equivalent  distributed  load,  which  then  becomes 
133  X  1.78-  237  lb. 

The  total  load  for  which  the  trimmer  must  be  computed  will  be,  therefore: 

(i)  From  the  floor i  5S4  lb 

(2)  From  the  partition  alx>ve 4  800  lb 

(3)  From  the  header 7  808  lb 

(4)  From  the  longitudinal  partition 237  lb 

Total 14  399  lb 

The  trimmer  should  be  of  the  same  depth  as  the  joists,  14  in.  From  Table 
XII,  page  643,  we  find  that  a  x  by  14-in  long-leaf  yellow-pine  beam  of  2 4 -ft 
span  will  safely  support  882  lb  and  not  cause  a  deflection  of  more  than  H«o  of 
the  span.  Hence,  the  breadth  of  the  trimmer  would  be  14  399/S82  •-  16.34  in, 
which  is  greater  than  the  depth.  This  would  suggest  the  substitution  of  a  steel 
I  beam  of  proper  size  or  the  use  of  a  deeper  wooden  beam,  such  as  an  11  by  16  or 
a  12  by  i6-in  beam.  If  the  deflection  of  the  wooden  beam  is  not  taken  into 
account,  the  strength-value,  i  090  lb  of  Table  XII,  page  643,  may  be  used, 
giving  14  399/1  090—  13.21  in  as  the  width  of  the  beam.  This  would  agree 
with  the  New  York  Building  Laws  for  strength.  If  the  flexure  fiber-stress  is 
taken  at  i  300  lb  per  sq  in,  permitted  by  the  Chicago  code.  Table  XIU,  page 

14,  may  be  used,  giving  24  399/x  ^79  -  12.21  in  for  the  width  of  the  trimmer. 
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11  I  Soo  lb  per  sq  in  is  taken  for  S,  Table  XV,  page  646,  is  used,  giving  14  399/ 
I  633  »  8.81  in  for  the  width.  Hence,  the  architect  will  be  governed  by  laws 
in  cities,  or  by  engineering  judgment  or  experience  elsewhere,  and  this  applies 
to  tbe  joists  as  weU  as  to  the  girders.  If  wooden  trimmers  are  used,  th^  should 
be  hung  in  beam-hangers  (see  last  part  of  this  chapter).  The  load  on  the  trim- 
mer, R,  will  be  the  same  as  on  the  trimmer,  T,  except  for  the  cross-partition. 
Deducting  the  weight  of  this  partition,  we  have  14  399  -  4  800  -  9  599  lb  for 
the  equivalent  distributed  load  on  R,  which,  from  Table  XII,  page  643,  gives,  for 
the  required  breadth  ia88  in  or  8.8  in,  depending  upon  whether  the  deflection 
is  or  is  not  considered.  Other  variations  in  the  required  width  of  a  x4-in 
wooden  girder  will  result  from  the  use  of  other  fiber-stresses. 

TiM  Glnlen.    The  floor-area  supported  by  the  girder,  G  (Fig.  3),  is  equal  to 

12  by  24  ft,  or  288  sq  ft.  As  a  general  rule,  it  will  be  safe  in  estimating  the  live 
load  on  gizders  to  take 'only  85%  of  the  load  assumed  for  the  floor-beams,  be- 
cause there  will  always  be  some  portion  of  the  floor  supported  by  the  girder  that 
is  not  loaded,  and  probably  other  portions  that  will  not  be  loaded  up  to  the 
assumed  load.  Hence,  the  live  load  would  be  85%  of  40  lb,  or  34  lb.  The 
dead  load  of  the  floor  and  ceiling  will  be  about  25  lb,  and  the  girder  itself  will 
weigh  between  i  and  2  lb  per  sq  ft,  say  2  lb  per  sq  ft  of  floor,  more,  so  that  ^e 
will  use  61  lb  per  sq  ft  for  the  total  floor-load  on  this  girder.  As  girder  G  sup- 
ports 288  sq  ft,  this  will  be  equivalent  to  17  568  lb.  The  girder  supports,  also, 
a  partition,  9  ft  high,  above,  which  will  weigh  z  2  x  9  X  20  «  2  x6o  lb.  The  total 
load  for  which  the  girder  should  be  proportioned  is,  therefore,  19  728  lb.  As- 
suming 14  in  for  the  depth  of  the  girder,  we  find  from  Table  XII,  page  643, 
that  the  safe  load  for  a  i  by  14-in  k>ng-leaf  yellow-pine  beam  of  x2-ft  span  is 
I  867  lb;  hence  the  breadth  of  girder,  G,  should  be  19  728/1  867  »  10.56  in  and 
an  1 1  by  14-in  girder  could  be  used. 

Tbe  girder,  C  (Fig.  3),  supports  a  floor-area  at  the  left  of  12  x  12  »•  144  sq  ft, 
which  represents  a  distributed  load  of  8  7S4  lb.  On  the  right  side  of  the  girder 
there  is  a  strip  of  floor  40  in  wide  by  12  ft  long  (8  in  of  the  floor  being  included 
in  the  load  on  7^  which  will  weigh  2  440  lb.  This  may  be  considered  as  a  con- 
centrated load  applied  20  in,  or  one-seventh  the  span,  from  the  end  of  the 
girder,  in  which  case  the  effect  of  the  load  is  practically  the  same  as  if  the  load 
were  distributed.  The  load  coming  upon  girder  G'  from  T  will  equal  one-half 
the  actual  distributed  load  on  T,  plus  three-eighths  (H  o(  H)  of  the  load  on  H, 
The  load  on  U  we  found  to  be  10  410  lb,  and  three-eighths  of  this  is  about 
3900  lb-  The  actual  distributed  load  on  T  we  found  to  be  i  554+  4800=" 
6354  lb,  and  one-half  of  this  is  3  177  lb.  Hence  the  trimmer,  T,  transmits  a 
load  of  3  900  +  3  177  -  7  077  lb  to  the  girder,  which  must  be  considered  as  a 
concentrated  load  applied  at  one-third  the  span  from  the  support,  and  hence  we 
must  multiply  it  by  1.78  (Table  IV,  page  632)  to  obtain  the  equivalent  dis- 
tributed load,  which  gives  12  597  lb. 

The  load  for  which  the  girder,  G*  (Fig.  3),  should  be  computed  will  be 

From  the  floor  at  the  left 8  784  lb 

From  the  floor  at  the  right 2  440  lb 

From  the  trimmer,  T 12  597  lb 

From  the  partition  above ^ 2  z6o  lb 

Total 25  981  lb 

From  Table  XII,  page  643,  we  find  that  this  load  will  require  a  (13.9  by 
14-in)  14  by  x4-in  girder.  For  this  floor,  therefore,  the  requirements,  if 
long-leaf  yellow  pine  b  iised,  and  if  the  maximum  flexure  fiber-stress,  5,  is 
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taken  at  i  aoo  lb  per  sq  in  (the  value  in  the  New  YofIl  City  buildinK  law,  for 
example)  and  the  modulus  of  elasticity,  E»  at  x  500  000  lb  per  sq  in,  are  as  fol- 
lows: an  XX  by  x4-in  girder  at  G;  a  14  by  14-in  girder  at  G';  an  11  by  16,  or  13 
by  i6-in  wooden  beam  or  a  steel  Z  beam  for  the  trimmer,  T;  an  11  by  14-in 
beam  for  the  trimmer,  R;  a6by  14'in  beam  for  the  header,  H;  2\^  by  X4<in 
joists  at  A  and  B\  and  3  by  x4-in  joists  at  C.  For  these  stress-requirements 
the  architect  might  decide  to  use  steel  I  beams  for  girdere  G,  G\  etc.,  and  for 
the  trimmers,  T  and  R.  For  Chicago,  Table  XIII,  page  644,  may  be  used 
for  long-leaf  yellow  pine;  for  Boston  or  New  Orleans,  Table  XIV,  page  645;  for 
Baltimore,  Buffalo,  Milwaukee  and  New  Haven,  Table  XV,  page  646;  and  for 
Philadelphia  and  Minneapolis,  Table  XU,  page  643,  with  the  strength-values 
increased  one-third.  Of  course,  the  sizes  of  the  timbers  are  diminished  as  the 
assumed  safe  fiber-stresses  are  increased.  . 

This  example  illustrates  nearly  all  of  the  computations  that  are  required  to 
determine  the  sizes  of  the  joists  and  special  beams  or  girders  in  any  ordinary 
floor-construction.  The  method  of  computation  is  the  same  for  any  floor- 
load,  the  only  difference  being  that  the  greater  the  live  load  assumed  the  greater 
will  be  the  loads  for  which  the  beams  must  be  proportioned.  As  will  be  seen, 
the  most  bborious  computations  are  those  for  beams  which  receive  loads  from 
different  sources,  and  it  will  generally  be  found  that  the  weakest  portions  of 
any  particular  floor  arc  the  headers,  trimmers  and  girders,  and  the  beams  which 
support  partitions. 

The  Strength  <rf  MiU-Floon.  The  beams  and  girders  for  mill-floors 
should  be  computed  by  the  same  general  method  illustrated  in  the  foregoing 
examples,  involving,  (i)  the  determination  of  the  loads  on  the  beams  and 
girders  and,  (3)  the  sizes  of  the  beams  and  girders  required  to  support  such 
loads. 

Required  Thickness  of  Plank  Flooring.  The  thickness  of  the  plank  floor- 
ing in  mill  construction  may  be  determined  by  formulas  (i)  and  (2): 

Thickness  of  plank  in  in )       a  /weight  per  sq  f t  x  /» 

required  f — * *•■    ^  "  *  * 

Thickness 

required 

In  these  formulas,  /  is  the  span  in  feet,  from  center  to  center  of  beams,  A  the 
constants  for  strength  (page  628),  and  ei  the  constant  for  stiffness  (page  664). 

When  the  planks  are  connected  by  ?4-in  splines,  and  extend  over  two  spans. 
Formula  (i)  may  be  used.  If  the  planks  arc  in  single  lengths  from  beam  to  beam, 
or  are  not  splined,  then  Formula  (2)  should  be  used. 

Tables  IV  to  XI,*  inclusive,  show  the  safe  loads  for  plank  flooring  of  different 
w(xxls,  thicknesses  and  spans,  derived  from  the  formulas  for  strength  and  stiffness, 
the  values  in  the  first  horizontal  line  in  the  case  of  each  thickness  of  plank 

•  Tables  VIII  to  XI.  induah'e,  were  calculated  by  Mr.  F.  E.  Kidder  and  are  leUined 
from  the  preceding  edition  of  the  Pocket-Book.  Tables  IV  to  VII,  inclusive,  are  added 
to  conform  to  the  more  conservative  fiber-stresses  of  the  building  codes  and  of  the  other 
chapters  of  the  new  edition.  In  the  judgment  of  many  constructors  the  higher  values  of 
Tables  VIII  to  XI  arc  safe  when  the  most  favorable  conditions  of  quality  and  dryness 
of  materials  prevail.  In  using  any  of  the  tables,  care  must  be  taken  to  notice  whether 
or  not  the  safe  loads  given  include  the  weight  of  the  flooring  itself.  In  the  revision  of 
this  chapter  the  author  is  indebted  to  Professor  F.  H.  Saffond,  of  the  University  of 
PeiinsylvaaU.  for  the  computations  required  for  the  new  Tables  IV  to  VII  and  for  the 
checking  of  Tables  VIU  to  XI. 


of  plank  in  in )       a  /weight  per  sq  ft ) 
i  for  strength    )       Y  24  x  i4 

of  plank  in  in  I      a  /weight  per  sq  ft  x  P 
I  for  stiffness  J  *  V  19.2  x  fi 
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denoting  the  loads  given  by  the  formula  lor  strength  and  the  figures  in  the 
second  line  those  given  by  the  formula  for  stifiFness.  The  span  is  supposed  to  be 
measured  from  center  to  center  of  beams.  The  values  given  by  the  formula  for 
strength  shouid  be  considered  safe  only  for  splined  floors  and  where  the  planks 
are  continuous  over  at  least  two  spans.  If  the  thickness  of  the  planks  falls 
short  H  or  even  H  in  from  the  dimen^ons  given,  the  safe  loads  must  be  mate- 
natty  reduced. 

In  Table  IV,  the  modulus  of  elasticity,  E,  on  which  ei  in  the  stiffness-formula 
depends,  b  i  500  000  lb  per  sq  in,  and  the  safe  fiber-stress,  5,  on  wluch  the 
constant  for  strength.  A,  depends,  is  i  200  lb  per  sq  in,  A  being  67.  The  safe 
loads  given  are  within  the  requirements  of  aU  cities  for  strength  and  stiffness  for 
long-leaf  yellow  pine,  and  of  Chicago  and  most  other  cities  for  Douglas  fir. 

In  Table  V,  £  is  i  200  000  lb  per  sq  in,  S,  i  000  lb  per  sq  in,  and  A  is  56. 
The  loads  given  satisfy  the  requirements  of  Chicago  and  of  most  other  cities 
for  strength  for  short-leaf  yellow  pine.  The  values  given  for  stiffness,  also,  are 
recommended  for  this  wood. 

In  Table  VI,  £  is  z  200  000  lb  per  sq  in,  S,  800  lb  per  sq  m,  and  A  is  44, 
The  loads  given  satisfy  the  requirements  of  all  cities  for  strength,  for  spruce, 
Norway  pine  and  wUte  pine,  and  the  values  given  for  stiffness,  also,  are 
recommended  for  spruce.  For  Norway  pine,  £  »  1 100  000  lb  per  sq  in  may 
be  used. 

In  Table  Vn,  £  is  z  000 000  lb  per.sq  in,  S,  700  lb  per  sq  in,  and  A  is  39. 
The  loads  given  for  strength  can  be  used  for  any  woods  of  that  safe  fiber- 
sties,  and  the  loads  for  stiffness  are  recommended  for  white  pine. 

In  Tables  Vm,  DC,  X  and  XI,  the  safe  loads  are  calculated  from  still  other 
values  iAS,A,B  and  ei,  indicated  with  each  table,  and  may  be  used  by  those 
who  wish  to  assume  larger  safe  values  for  the  strength  and  stiffness-factors 
in  cases  where  there  ar^  no  restrictions  from  building  laws,  For  any  other  values 
of  .4  or  tfi  required,  such  values  must  be  inserted  in  Formula  (i)  or  (2)  and  the 
thickacaMs  of  the  planks  detennined  or  the  safe  load  determined  for  any  given 
thickness  ci  plapir^ 
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Table  IV.    Safe  Lhre  Loads*  in  PoimdB  per  Square  Foot  for  Plank  Flooring 

See  explanation  on  pages  73^1  •    The  loads  are  based  on  the  following  values. 
Strength:  5*-  z  200  lb  per  sq  in,  A»  67;  stiffness:  £>i  500  000  lb  per  sq  in»  «i»  xi6 

'  LONG-LBAY  YELLOW  PINE  AND  DOUGLAS  TSR 


Thickness 

oC  planks, 

in 

Distance  between  centers  of  floor-beams,  in  feet 

4 

5 

6 

7 

8 

9 

xo 

XI 

za 

lU 

353 

229 

326 
117 

157 
68 

IIS 
43 

185 
87 

88 

29 

70 
20 

;.  : 

aH 

567 
466 

363 
239 

252 

138 

142 
58 

112 

41 

91 

30 

75 

22 

63 

17 

m 

760 
724 

486 
371 

33« 
214 

248 

135 

190 
90 

ISO 
64 

X22 

46 

100 

35 

84 

3W 

788 
764 

547 
442 

402 

278 

308 
187 

243 

131 

197 

95 

163 

72 

137 

55 

4 

71S 
660 

525 
416 

402 
278 

318 
196 

V7 
14.3 

213 

107 

179 
82 

5 

820 
812 

628 
_S44_ 

904 
940 

496 
382 

402 
278 

332 

209 

279 
161   1 

6 

715 
660 

579 
481 

478 
361 

402   1 
^     1 

*  Weight  of  ceiling,  if  any,  and  also  of  the  flooring 
values. 


Table  V.    Safe  Live  Loads  *  in  Pounds  per  Square  Foot  for  Plank  Flooriac 

See  explanation  on  pages  730-x.    The  loads  are  based  on  the  following  values. 
Strength:  5  *-  i  000  lb  per  sq  in,  i4  *  56;  stiffness:  £  —  x  200  000  lb  per  sq  in,  cii  •■92 

SHORT-LEAr  YELLOW  PINE 


Thickness 

of  planks. 

in 

Distance  between  centers  of  floor-beams,  in  feet 

4 

5 

6 

7 

8 

9 

10 

II 

12 

1^4 

29s 

182 

474 
370 

635 
574 

189 
93 
303 
189 
406 
294 

131 
__54_ 

211 

110 

282 
_170_ 

457 
351 
597 
523 

96 
34 
155 
69 

74 
23 

118 
46 

94 
32_ 

125 

SO 
203 
104 
26S 
1SS_ 
415 
303 

2H 
2H 

7« 
_a4_ 

X02 
37 

165" 
_76_ 

215 
113 

336 

221 

207 

107 

159 

72 

84 
28 

136 

57 
i78" 

85 

71 
it 

3W 

1029 

659 
6c6 

860 

336 
221 

439 
330 

257 
148 

336 

321 

52s 
431 

"4 

4 

149 
65 

s'    !•:::: 

933 

686 
644 

27« 
X66 

400 
287 

233 
128 

6 

..  .  !  __.. 





987 

756  1  597 

745  1  523 

1 

484 
38a 

336 
2« 

*  Weight  of  ceiling,  if  any,  and  also  of  the  flooring  itself  is  to  be  deducted  fram  these 
values. 
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Tabto  VL    Safe  lira  Loads*  in  Ponads  per  Sqiura  Foot  for  Plank  Floorinff 

See  expUnatioa  on  pages  750-1.    The  loads  are  based  on  the  following  values. 
Strength:  5«*  800 lb  per  sq  in,  X  *-  44;  stiffness:  B»  i  200  000  lb  per  sq  in,  ci  -b  9a 

SPKUCE,    NOaWAY  PINE   AND   WHITE   PINE 


Thickness 
ofplanks. 

1    in 

Distance  between  centers  of  floor^beams.  in  feet 

4 

5 

6 

7 

8 

9 

xo 

II 

12 

iH 

232 

182 

148 
93 

XQ3 
54 

76 
34 

.  58 
23 

2H 

37a 

370 

238 
189 

16s 
no 

122 
69 

93 
46 

74 
32 

60 
24 

m 

499 

319 

_294_ 

517 

222 

170 

163 
107 

125 

72 

99 
SO 

80 

37 

66 
28 

1    3Vi 

809 

359 
351 
469 

733 

264 
221 

345 
330 
539 

202 
148 

160 
104 

129 

76 

107 
57 

89 
44 

4 



676 

264 
221 

412 

209 

155 

169 
113 

140 
85 

117 
65 

1 

,    ^     i:;::: 

326 
303 

264 
221 

218 
166 

183 
128 

1    ' 

776 

594 

469 

380 

314 
287 

264 
221 

*  Weight  of  ceiUng.  if  any,  and  also  of  the  flooring  itself  is  to  be  deducted  from  these 
values. 

Tabla  VIL    Snf a  live  Loads  *  in  Pounds  p«r  S^piare  Foot  for  Plank  Flooring 

See  explanation  on  pages  730-1.    Tlie  loads  are  based  on  the  following  values. 
Strength:  S  *  700  lb  per  sq  in,  A  »  39;  stiffness:  £  -  i  000  000  lb  per  sq  in,  ci  «-  77 

POR  HEICLOCK  AND   WOODS   OP   SIMILAR   STRENGTH  AND    STIPPNESS 


Thickness 

of  planks. 

in 

Distance  between  centers  of  floor-beams,  in  feet 

4 

5 

6 

7 

8 

9   1  10 

11 

12 

1 

206 
152 

132 

78 

91 
45 

67 
28 

108 
58 

:::::!::::: 

tH 

330 
309 

212 
158 

147 
92 

82 
39 

6s   

27  1  

'     2^4 

442 

480 

fi 

197 
142 

146 
90 

III 
60 

87     71 

42  :  31 

95 
48 

3H 

717 

459 

319 
293 

234 
185 

179 
124 

142 
87 

115 
63 

80 
37 

4 

936 

599 

416 

306 
276 

234 

185 

185  I  150 
130  '  95 

124 
71 

104 
55 

1 

5 



936 

650 

478 

366 
361 

289 
253 

234 
18s 

193 
139 

163 
107 

6 

936 

688 

526 

416 

337 
319 

278 
240 

234 
185 

*  Weight  of  ceiling,  if  any,  and  also  of  the  flooring  itself  »  to  be  deducted  from  these 
vahics.  ^  1 
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Tablo  vni.    Stf«'Liv«  hoaOm*  in  Pounds  per  Sqssfs  Foot  for  Plaak  Floerins 

See  explanation  on  pages  73o-x.    The  loada  art  based  on  the  loUowing  valuca. 

Strength:  5>- x  800  lb  per  sq  ui»X«>  xoo;  stiffness:  £-  x  780 000  lb  per  iq  iii,fi«X37 

Recommended  by  Mr.  Kidder  for 

L0NG-LEA7  YELLOW  PINE 


Distance  between  centers  of  floor-beams,  in 

feet 

in 

4 

5 

6 

7 

8 

9 

xo 

XX 

12 

iH 

SIS 
258 

385 

ia6 

22a 

68 

160 
38 

120 
21 

92 

XI 

72 

S 

2H 

831 
536 

537 

3ti6 

362 
149 
488 
237 

262 
88 

197 

54 

153 
34 

X2X 
24 

97 

X2 

80 

6 

iH         ' 

118 
838 

710 
An 

354 
144 

267 
91 

2C6 

59 

165 
38 

134 

25 

IXO   j 

«  1 

3H 

1158 
884 

796 
S04 

582 
310 

442 

202 

345 
136 

276 

94 

225 

67 

x86 
47 

4 

1046 
759 

763 
470 

580 
308 

454 

210 

364 
148 

296 
106 

246 
77 

5 

1200 
934 

913 
6x8 

716 
427 

576 
304 

471 
223 

392 

x66 

6 

1322 
X081 

1038 
751 

836 

540 

686 
398 

57* 
300 

*  Weight  of  ceiling,  if  any,  to  be  deducted.   The  weight  of  the  flooring  baa  been  dedoctcd 
from  values  derived  from  fcmnulaa.    Deduction  about  7  a  lb  per  cu  ft  floor-material. 

TaUe  IX.    Safe  Live  Loads*  in  Pounds  par  SqfUf  Inch  for  Plank  Flooring 

See  explanation  on  pages  730-x*    The  loads  are  based  on  the  following  values. 

Strength:  5  »  x  620  lb  per  sq  in,  X  *  90;  stiffness:  £—  x  435  000  lb  per  sq  in,  si**  xto 

Recommended  by  Mr.  Kidder  for 

DOUGLAS  FIR  AND  SHORT-LEAF  YELLOW  FINE 


Thickness 

of  planks. 

in 

Distance  center  to  center  of  floor-beams,  in  feet 

4 

5 

6 

7 

8 

9 

10 

XX 

la 

iH 

462 

205 

291 
99 

199 
52 

143 
38 

X06 
15 

8x 
7 

64 

"9 
17 

2H 

747 
428 

473 

2X2 

334 

117 

234 
68 

176 
41 

136 
25 

107 
14 

2H 

lOOS 
670 

637 

335 

438 

187 

317 
112 

239 
69 

185 
44 

147 
28 

97  ' 
9 

3W 

1040 
Tofl 

717 
40X 

522 

246 

395 
159 

308 
X06 

246 
72 

aoo 

50 

165 
34 

4 

1362 
1 061 

940 
6c6 

685 
374 

520 
244 

406 
165 

325 
1x5 

265 
81 

aao 
58 

S 

1476 
1 198 

X078 
745 

819 
491 

642 
MS 

516 
S40 

422 

X74 

351 

XJ8 

6 

1560 
X302 

1x87 
863 

932 

597 

749 
428 

6X4 
314 

S" 

29S 

*  Weight  of  ceiling,  if  any,  to  be  deducted.  The  weight  of  the  flooring  has  been  dedocted 
from  vahies  derived  from  foimulas.    Deduction  about  72  lb  per  olU  floocj-xni 
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Tlibto  Z.    Sale  Lira  Loads*  la  Ptmnda  p«r  Sqoafe  Foot  for  PUnk  Flooring 

See  ezplajiatioii  oo  pages  730-1.    The  loads  are  baaed  on  tbe  foUowing  values. 

Strength:  5*  i  260  lb  per  sq  io,  i4  -■  70;  stiffness:  k"  x  394  000  lb  per  aq  io.  ej  >  xoo. 

Recommended  by  Mr.  Kidder  for 

SPRUCE 


Thjckness 

of  planks, 

in 

Distance  between  centers  of  floor-beams,  in  feet 

4 

5 

6 

7 

8 

9, 

10 

XX 

13 

xji 

560 
188 

227 
9a 

tss 

49 

IZI 

28 

83 
IS 

64 
8 

SO 

sH 

368 
194 

2S2 
XO8 

183 
64 

137 
39 

105 
34 

83 
15 

67 



54 

3^i 

78a 

6X3 

496 
J07 

341 

347 
104 

186 
66 

144 
43 

lis 

38 

93 
18 

76 

3M 

laaS 
X274 

7«i 
644 

54B 
367 

396 
m6 

331 

98 

184 

68 

150 
47 

134 
33 

4 

X060 
968 

731 
554 

533 

343 

405 

335 

317 
153 

3S3 

108 

307 
77 

171 

56 

5 

1148 
1093 

«39 
683 

638 
450 

Soo 

311 

403 
313 

339 
163 

373 

130 

6 

1313 

II88 

934 

789 

725 
548 

5^ 

394 

478 
390 

400 
330 

*  Weight  of  ceiling,  if  any ,  to  be  dedtsctcd .   Tbe  weight  of  the  flooring  has  been  deducted 
from  values  derived  from  fonnuias.    Dcxfaictioa  about  73  lb  per  cu  ft  floor-material; 

TsUa  XL    Safe  Live  Loads  *  in  Pounds  par  Square  Foot  for  Plank  Flooring 

See  cxpianatioB  on  pages  73^1  •    The  loads  are  based  on  tbe  following  values. 

Suength:  ^  •  1 080  lb  per  aq  in.  Am  60;  attffneas:  B»  1 073  000  lb  per  sq  in,  ei  >■  8s 

Reoommended  by  Mr.  Kidder  for 

WHITE  PINE 


Tludaieis 

ol  planks. 

in 

Distance  between  centers  of  floor-beanM.  in  feet 

4 

5 

-4 
6 

7 

8 

9 

10 

n 

12 

iji 

307 
153 

193 
74 

"% 

94 

21 

70 
II 

i 

41 

tSi 

496 
3x8 

314 
157 

214 
86 

154 

SO 

116 
40 

89 
x8 

70 

10 

56 

2H 

668 
499 

434 
249 

290 
139 

210 
83 

XS8 

S2 

122 

97 

20 

78 
12 

63 

3H 

X088 

X041 

691 
536 

476 
998 

346 
183 

261 
XI9 

203 
78 

162 
53 

131 
36 

108 
35 

4 

906 
791 

625 
451 

455 
37« 

345 
181 

269 
133 

215 
85 

175 
60 

145 
43 

5 

982 
893 

716 
555 

544 
366 

426 
351 

343 

178 

381 

129 

233 

95 

6 

I  419 
1553 

1037 
970 

789 
643 

619 
445 

497 
319 

407 
234 

339 

175 

*  Weiglit  of  ccilhig.  if  any.  to  be  deducted.   The  weight  of  the  flooring  has  been  deducted 
from  values  derived  from  fbrmulas.    Deduction  about  73  lb  per  cu  ft  fkior-mateiia]. 
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Tables  for  the  Maximttiii  Span  of  floor*  Joists.  As  the  timbers  commonly 
used  for  floor- joists  are  sawed  to  regular  siaes  and  are  usually  spaced  either  x  2 
or  16  in  on  centers,  it  is  practicable  to  show  by  means  of  tables  the  sizes  of  joists 
required  to  support  given  loads  with  given  spans  and  spadngs.  Tables  givini; 
the  MAXiuuic  SAFE  SPANS  are  the  most  convenient  for  general  use,  and  the  follow- 
ing tables  have  accordingly  been  prepared.  They  show  at  a  glance  the  max- 
imum spans  for  which  different  sizes  of  floor-joists  and  ceiling-joists  should  1:>e 
used  for  different  loads  and  spacings,  and  it  is  believed  that  they  will  be  found 
applicable  to  most  buildings  in  which  wooden  floor- joists  are  used.  By  knowing 
the  size  of  a  room  and  the  purpose  for  which  it  is  to  be  used,  the  sizes  of  the 
floor-jobts  required  can  be  determined  at  a  glance.  Incidentally  the  tables 
show,  also,  the  kind  of  wood  most  economical  to  use.  If,  owing  to  the  room 
being  irr^ular  in  shape,  the  joists  must  be  of  different  lengths,  the  spacing  or 
thickness  of  the  joists  may  be  varied,  so  that  the  same  depth  may  be  used 
throughout. 

Precautions  Required  in  Using  Tables.  The  precautbns  necessary  in  using 
these  tables  are  in  regard  to  the  superimposed  loads  and  the  actual  sizes  of 
the  timbers.  The  total  loads  for  which  the  maximum  spans  have  been  com- 
puted are  given  at  the  head  of  each  table.  The  actual  weight  of  the  floor 
O'oists,  flooring,  plastering  and  deafening,  if  any)  subtracted  from  the  total  load 
will  give  the  superimposed  load,  that  is,  the  load  which  the  floor  is  expected  to 
cany.  If  the  actual  sizes  of  the  joists  are  less  than  the  nominal  dimensions, 
the  spans  or  spacings  must  be  reduced  from  those  given  in  the  tables,  and  as 
the  STOCK  sizes  of  joists  generally  run  from  Vi  in  to  H  in  scant  of  the  nominal 
dimensions,  this  fact  should  alwasrs  be  taken  into  account  when  determining 
upon  the  sizes  of  joists*  In  this  connection  it  will  be  convenient  to  remember 
that  2-in  joists,  spaced  16  in  on  centers,  have  the  same  strength  as  i^-in  joists, 
12  in  on  centers.  \  reduction  should  also  be  made  for  any  cutting  of  the 
JOISTS  that  may  be  required.  No  allowance  has  been  made  for  partitions,  and 
when  they  are  to  be  supported  by  the  floor-joists,  additional  joists  should  be 
used  or  the  span  reduced  according  to  the  relative  direction  or  position  of  the 
partitions  and  joists. 

Tablea  Xn  to  XX.  Tables  XII  to  XVI,  inclusive,  were  computed  by  the 
FORMULA  FOR  STIFFNESS  (Chapter  XVI,  page  636  and  Chapter  XVIII,  page  665). 
on  the  assumption  that  the  deflection  should  not  exceed  Vio  in  per  foot  of  span. 
They  are  based  on  the  values  of  B  (the  modulus  of  elasticity)  recommended  by 
F.  E.  Kidder.  Tables  XVII  to  XX,  inclusive,  were  computed  by  the  formula 
FOR  STRENGTH  (Chapter  XVI,  page  635),  and  values  for  S  (the  safe  fiber-etress) 
recommended  by  Mr.  Kidder.  The  spans  given  in  Tables  XII  to  XX,  inclu- 
sive, come  within  the  requirements  of  the  Buffalo  and  Denver  building  laws, 
and  Tables  XII,  XIV,  XV,  XVI  and  XVU  comply  with  the  Chicago  law  and 
very  nearly  with  the  New  York  law;  but  to  comply  with  the  Boston  law  a 
reduction  of  about  one-sUth  must  be  made  from  the  spans  given. 

Tables  XZI  to  XXIX,*  bclusive,  were  computed  for  reduced  values  of  E  (the 
modulus  of  ebsticity),  5  (the  fiber-stress  for  flexure)  and  A  (the  constant  for 
flexural  strength)  in  the  formulas  used,  these  values  agreeing  generally  with  the 
stresses  throughout  the  revised  handbook.  Of  these  new  tables,  also.  Tables 
XXI  to  XXV,  mdusive,  were  computed  by  the  formula  for  stiffness,  and 
Tables  XXVI  to  XXIX,  inclusive,  by  the  formula  for  strength. 

*  In  the  revision  of  th»  chapter  the  author  is  indebted  to  Mr.  A.  T.  North,  M.  Am.  Soc 
C.  £.,  for  valuable  aaaistaxice  in  the  computatioiis  required  for  the  new  Tables  XXI  to 
XXDL 
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Tabte  JJL    Kaziaun  Bgnt  for  G«ilmc- Joteta 

See  explanatory  notes  on  page  736 

Total  load,  ao  pounds  per  square  foot 

Sizem 

of 
joists 

in 

Distance 

on 
centers 

in 

Hemlock, 

•£- 
1045  000 
ft        in 

White  pine, 
£»X073  000 

ft        in 

Norway 
pine  or 
spruce, 
fi-1294000 
ft        in 

Douglas 

fir  or 

Texas  pine, 

E-x  425000 

ft        in 

Long-leaf 

yellow 

pine, 

fi-i  780000 

ft        in 

2X4 

2X4 
aX6 
2X6 
2X8 
2X8 
2X8 

12 

16 
12 
16 

12 
16 

20 

9         3 
8         5 

14  0 
12           8 
18       -8 
17         0 

15  9 

9        S 
8         6 

14  1 
12       10 
X8       10 
17         2 

15  xo 

ZO            I 

9         I 

XS            X 

X3         8 
20         X 

x8         4 
17          0 

xo        5 
9        S 

15         7 
14        a 
20        9 
z8       IZ 
17        6 

XX           2 
xo         I 
16        8 
XS        2 
22         4 
20         5 
x8       10 

Total  load,  24  pounds  per  square  foot                                      | 

,     2X10 
2X10 
2X10 
2X12 
2X12 

1     2X12 

12 

z6 
20 

Z2 
16 

20 

22         0 

20         0 
18         6 
26         5 
24         0 
22         3 

22         2 
20        2 
x8         8 
26         8 
24         2 
22         5 

23         8 

21          7 
20         0 
28          5 
25       xo 

24     0 

24         5 
22         3 

20         7 
29         4 
26         8 

24         8 

26         4 
23       xo 

22            2 

3X         7 
28         8 
26         8 

*  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 

Table  Xm.    Maiimnm  Span  for  Floor- Joiats  for  Dwefllnga,  Tenementa 
and  Graznmar-School  Room*  with  Fixed  Deaka 
See  explanatory  notes  on  page  736 


Total  load,  60  pounds  per  square  foot 


Sizes 

of 
joisU 

Distance 

on 
centers 

Hemlock, 

•£- 
Z045000 

White  pine, 
E-z  073  000 

Norway 

pine  or 

spruce, 

fi«*z  294000 

Douglas 

fir  or 

Texas  pine, 

E-i  425000 

Long-leaf 

yellow 

pine, 

E-ztSoooo 

in 

in 

ft        in 

ft 

m 

ft        in 

ft        in 

ft        in 

2X6 

12 

9         9 

9 

XO 

10         5 

10        ZO 

11         7 

2X6 

16 

8         9 

8 

10 

9        6 

9       XO 

10         6 

3X6 

12 

U            I 

11 

2 

12            0 

X2            S 

13         4 

3X6 

16 

xo        z 

ZO 

2 

ZO          ZO 

^Z            2 

12            Z 

2X8 

12 

Z2          XZ 

13 

I 

Z3       11 

14         5 

IS         6 

2X8 

x6 

XX        9 

IZ 

10 

12            8 

X3         X 

14         I 

3X8 

X2 

X4        9 

14 

XI 

z6        0 

z6         6 

17         8 

3X8 

z6 

X3        6 

13 

7 

Z4         6 

Z5   .     0 

z6         2 

2X10 

za 

z6        2 

X6 

4 

17       S 

Z8         0 

19         4 

2X10 

z6 

14         9 

14 

XO" 

IS         9 

16         4 

17         7 

Total  load,  66  pounds  per  square  foot 


3    Xio 

Z2 

J     Xio 

z6 

,  2    Xia 

la 

2     XZ2 

16 

3    X12 

12 

3    X12 

z6 

2    XX4 

Z2 

2    X14 

z6 

2V4XI4 

Z2 

2HXU 

16 

3    X14 

12 

.3    XZ4 

z6 

z8 
z6 
Z8 
17 
21 
X9 
22 

20 
23 
2Z 
25 

23 


3 

10 

2 

6 
7 

0 

o 
8 
6 

4 
o 


Z8 
16 
19 
17 
21 
19 
22 
ao 
23 

2t 
25 
23 


Z 

s 

0 
3 
8 
8 

2 

I 

ZO 

8 

4 
o 


19 
17 
20 
18 
23 
21 
23 
21 
25 

23 

27 
24 


20 
18 

20 

X9 
24 
21 
24 
22 
26 
23 
28 

_3S_ 


o 

2 
10 
O 
O 

9 

4 
a 
3 
10 

o 
4 


21 
19 

22 

ao 
as 
23 
26 
23 
28 
25 
30 


6 
6 
6 
6 
9 
S 
3 

ZO 

3 

8 

z 


'  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 
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Tabto  XIV. 


BttOk  tor  FltfMSjoitts  (or  OOee-Baildhisi 
See  explanatory  notes  on  page  736 


Total  Iqq4*  93  pounds  per  square  foot 


Sizes 

Distance 

White 

pine. 

Norway  pine 

Douglas  fir 

Long-leaf 

o£ 

on 

•£-i 

073000 

or  spruce. 

or  Texas  pine. 

yellow  pine. 

joists 

centers 

£sxa94  000 

£-1425000 

£-1780000 

in 

in 

ft 

in 

ft         in 

ft          in 

ft          in 

3X8 

12 

12 

10 

13           9 

14          2 

15           4 

3X8 

I6 

IX 

12             6 

12        xo 

X3         10 

2X10 

12 

14 

IS           1 

16           7 

2X10 

16 

12 

13           8 

'14          X 

IS             2 

3X10 

12 

16 

17           3 

19           2 

3X10 

16 

14 

15           8 

X7           S 

2X12 

13 

16 

10 

x8          I 

20            X 

2X12 

z6 

IS 

4 

16          5 

18           3 

Total  load,  96  pounds  per  square  foot 


3  X12 
3  X12 
2    X14 

2  X14 

2^X14 
2HXX4 

3  X14 
3    X14 


12 
16 
12 
16 
12 
16 
13 
16 


19 
17 
19 
17 
3X 

19 
23 
20 


20 
18 
20 
19 
22 
30 
23 


6 

7 

10 

o 
6 

4 
10 
8 


31 

33 

9 

19 

30 

8 

31 

23 

2 

19 

31 

3 

23 

2S 

0 

31 

22 

8 

34 

27 

7 

33 

24 

I 

'  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 


Table  XV.    Maximam  Sfan  for  Floor- Joists  for  Chtirches 
with  Fixed  Seats 

See  explanatory  notes  on  page  736 


and  Theatera 


Total  load,  loa  pounds  per  square  foot 

Sizes 

Distance 

White  pine, 
•£•"1  073000 

Norway  pine 

Douglas  fir 

Long-kaf 

of 

on 

or  spruce. 

or  Texas  pine. 

yellow  pine. 

joists 

centers 

£-1  294000 

E-i  42s  000 

£-1  780000 

in 

in 

ft        in 

ft         in 

ft          in 

ft          in 

3X8 

u 

12         6 

13          4 

13          9 

14         10 

3X8 

16    . 

11         4 

12          2 

13            6 

13           6 

2XX0 

12 

13         7 

14           7 

IS          I 

x6          a 

2X10 

16 

12         4 

13           3 

13          8 

14           9 

3X10 

13 

IS         8 

X6           9 

17           3 

18           7 

3X10 

16 

14          2 

IS           2 

IS           8 

16         10 

2X12 

13 

16         s 

17           7 

18           t 

19           6 

2X12 

16 

14        10 

IS         « 

16          s 

17            8 

Total  load,  ic 

>5  pounds  per  sq 

uarefoot 

3    XiJ 

13 

18         7 

19         zx 

30             6 

22             X 

3    Xi2 

16 

16       10 

18          I 

18          7 

30                I 

2    X14 

12 

19        0 

20          3 

30            10 

22               6 

2    X14 

16 

17         3 

18         s 

19           0 

30               6 

2HX14 

13 

20         4 

21          9 

23              6 

24           3 

2HX14 

16 

18         7 

19         10 

30              6 

22               I 

3    X14 

12 

21           8 

23          2 

33          10 

as          9 

3    X14 

x6 

19         8 

31               t 

2X              9 

23           4 

*  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 
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ZVI.    Mwdmttm  S^  fof '  Floor- Joist*  for  AnoMiIy- 
Corrklon 

See  ezplanatoiy  notes  on  page  736 


Total  load,  123  pounds  per  square  foot                                     | 

Sises 

Distance 

White  pine, 
•fi«i  073  OQO 

Norway  pine 

Douglas  fir 

Long-leaf 

of 

on 

or  spruce. 

or  Texas  pine, 

yellow  pine. 

joists 

centers 

Emx  294000 

£»i  425000 

£"i  780000 

in 

in 

ft        in 

ft         in 

ft         in 

h         in 

3X8 

12 

11         7 

12          7 

13          0 

14          0 

3X8 

x6 

10         8 

11           4 

11          9 

12             8 

aXio 

12 

12        xo 

13           9 

14          a 

15          a 

aXio 

16 

XI           7 

xa         6 

12         10 

13         to 

3X10 

12 

X4         8 

IS          8 

x6          a 

17          5 

3X10 

x6 

13         4 

14          3 

14          9 

IS        10 

2XW 

X2 

15         4 

X6           6 

17           0 

18          3 

2X12 

x6 

14         0 

15           0 

IS           S 

16          7 

Total  load.  126  pounds  per  square  foot                                      | 

3    XI2 

17         6 

X8           8 

19           3 

20         9 

3    Xia 

X5        10 

17           0 

17           7 

18            XX 

a    X14 

17        10 

19           1 

19           8 

21              2 

a    X14 

x6        a 

17           4 

17         11 

19           3 

aHXu 

19        3 

ao          6 

21           2 

aa          9 

aHXx4 

17         6 

x8          8 

19           3 

20             9 

3    X14 

20        s 

at          9 

»          6 

"4           3 

3    X14 

18         7 

19        10 

20          6 

aa          I 

*  £  is  the  modulus  of  elasticity  and  Is  in  pounds  per  square  inch. 

Table  ZVII.    Mflzfaniixn  Span  for  Ploor- Joists  for  Retail  Stores 
See  explanatory  no'tes  on  page  736 


Total  load,  174  pounds  per  square  foot 

White  pine. 

S-X080 
lb  per  sq  in 

•i4«6o 

Norway  pine 

Douglas  fir 

Long-leaf 

Siaea 

Distance 

or  spruce. 

or  Texas  pbe. 

yellow  pine, 

of 

on 

5-1260 

5-1620 

5-1800 

joists 

centers 

lb  per  sq  in 

lb  per  sq  in 

lb  per  sq  in 

.4-70 

A -90 

ii-xoo 

m 

in 

ft        in 

ft         in 

ft         in 

ft         in 

3X8 

12 

IX         6 

la          S 

14          1 

U          9 

3X8 

16 

9       11 

xo          2 

12         a 

xa          9 

aXxo 

12 

XX         8 

la         8 

14          5 

IS  _      1 

2X10 

x6 

xo        2 

xo         XI 

la          5 

13          I 

3X10 

X2 

14         4 

IS          6 

17          7 

18          7 

3XXO 

16 

la         5 

13          5 

IS         a 

16          0 

2XX2 

12 

14         1 

15         a 

17         a 

18          a 

2X12 

16 

X2         2 

13         1 

14         IX 

IS          8 

Total  load,  17 

7  pounds  per  sq 

uarefoot 

3    XM 

12 

X7         2 

18         s 

20         IX 

22              I 

3    XM 

16 

14       XO 

x6          0 

x8         a 

19              I 

a    X14 

12 

16        3 

17        i 

19        11 

21              X 

a    X14 

16 

14        a 

IS          a 

17           3 

18          a 

aHXi4 

12 

18        a 

19          7 

aa          3 

23          6 

•2^X14 

x6 

15        9 

17          0 

19           3 

20         4 

3    X14 

12 

X9       II 

21          6 

34           S 

2S          8 

3    X14 

16 

17         3 

18          7 

21              2 

22              ^ 

'  X  in  the  tables  is  the  coefficient  ^  strength  lor  beams  and  is  on»«ightecnth  of  the 
sDovabk  fleniial  fiber^trsss,  S.    For  values  of  X  lor  other  woods,  see  TaUe  U,  page 
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Table  ZVHE.*    Mazfanam  Spaa  for  Saften.    Shiacted  Roofs  not 

See  explanatory  notes  on  page  736 


Plaatered 


Total  load.  48  pounds 

per  square  foot 

Norway 

Douglas 

Long-leaf 
yellow  pine. 

5-1800 

lb  per  sq  in 

A -100 

Sizes 

of 
joists 

Distance 

on 
centers 

nenilocic, 

S-990 

lb  per  sq  in 

t^-SS 

White  pine, 

5-1080 

lb  per  sq  in 

X-60 

pme  or 

spruce. 

5-1260 

lb  per  sq  in 

A -70 

fir  or 
Texas  pine. 

5-x6ao 

lb  per  sq  in 

A-90 

in 

in 

ft        in 

ft      in 

ft        in 

ft        in 

ft        in 

2X4 

x6 

7         4 

8         4 

9         6 

10       10 

3X4 

20 

6         7 

6        10 

7         6 

8         6 

8       10 

aX6 

16 

II          I 

II          7 

13           6 

14         2 

IS         0 

aX6 

20 

9        " 

10         4 

XX           2 

X2           8 

13         4 

3X6 

x6 

13         7 

IS         3 

17         5 

18         3 

3X6 

20 

12            2 

13      s 

IS         7 

16         4 

2X8 

x6 

14         9 

x6         8 

x8        XI 

20         0 

2X8 

20 

13         3 

13        10 

14        XX 

x6       XX 

17        xo 

2X8 

24 

xa        I 

13         7 

IS         6 

16         3 

aXio 

16 

x8        6 

ao       10 

23         8 

2S            0 

aXio 

20 

16         7 

18         8 

2X            2 

22            3 

2X10 

24 

IS         I 

17         0 

19         3 

20            4 

Table  XIX.*    Maiimuni  Spaa  for  Rafters.    Slate  Roofs  not  Plastered, 

or  Shinfle  Roofs  Plastered 

See  explanatory  notes  on  page  736 


Total  load.  S7  pounds 

per  square  foot 

Norway 

Douglas 

Loog.leaf 

yellow  pine, 

5-1800 

Siies 

Distance 

Hemlock. 
5-990 

White  pine, 
5-X080 

pine  or 
spruce. 

fir  or 
Texas  pine. 

of 

on 

lb  per  sq  in 

lb  per  sq  in 

5-1260 

5-1620 

joisU 

centers 

tA-sS 

A-60 

lb  per  sq  in 
A -70 

lb  per  sq  in 
A-90 

lb  per  sq  in 
A-ioo 

in 

in 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in 

2X4 

16 

6         9 

7         7 

8         8 

9         2 

2X4 

20 

6         0 

6         9 

7         9 

8         a 

2X6 

16 

10        a 

10         7 

II         6 

13         0 

13         8 

2X6 

20 

9        I 

10         2 

XI         7 

12         3 

3X6 

16 

12           6 

13         0 

14         1 

15       II 

16         9 

3X6 

ao 

II         1 

12         7 

14         3 

IS         0 

2X8 

16 

13         7 

IS         3 

17         4 

18         3 

2X8 

ao 

xa        a 

13         8 

IS         6 

16         4 

2X8 

24 

IX            I 

12         6 

14         2 

14        II 

3X8 

16 

16        7 

18         9 

21         3 

22         s 

3X8 

ao 

14       10 

x6         9 

19         0 

ao         I 

3X8 

24 

13         7 

IS         3 

17          4 

18         4 

2X10 

x6 

17         0 

19         2 

21          7 

aa       10 

aXio 

20 

IS         2 

IS        10 

17          X 

19          4 

ao         6 

aXio 

24 

13        10 

14         6 

IS          7 

17         8 

18         8 

*  Tables  XVIII.  XDC  and  XX  are  intended  for  climates  where  a  a-ft  snow-fall  may  be 
expected.  In  the  Southern  States,  where  there  is  very  little  snow,  the  spans  in  Ta^le 
XVIII  will  be  safe  for  slate  or  gravel  roofs  if  the  joists  are  sawed  to  the  ftUl  dimensaona. 
Variations  in  "Safe  spans"  in  different  tables,  for  the  same  kind  of  wood,  depend  upoa 
the  assumed  safe  flexural  fiber-stress  or  modulus  of  elasticity  or  both. 

t  A  tn  the  tables  is  the  coefhcient  of  strength  for  beams  and  is  oac^eighteentb  of  the 
allowable  flexural  6ber-strcs8,  S,    For  values  of  A  for  other  woods,  see  Table  II.  pace 
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Tabto  XX.*    M»ri«««m  gpgu  for  Haften.    SUte  Rooft  Plaster«d,  or 
GrATel  Roofs  not  Plastered 

See  explanatocy  notes  on  page  736 


Total  load.  66  pounds 

per  square  foot 

Siaes 

of 
joists 

Distance 

on 
centers 

Hemlock. 

5-990 
lb  per  sq  in 

White  pine. 

5-X080 

lb  per  sq  in 

4-60 

pine  or 

spruce, 

5-1260 

lb  per  sq  in 

A -70 

Douglas 

fir  or 

Texas  pine. 

5-X620 

lb  per  sq  in 

A -90 

Long4eaf 
yellow  pine. 

5-1800 
lb  per  sq  in 

4-100 

in 

in 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in 
12         9 

2X6 

16 

9         5 

9        10 

10        8 

12         I 

aX6 

20 

8         6 

8       10 

9         6 

10        9 

11         S 

3X6 

16 

11          7 

12         I 

13         I 

14       10 

IS         7 

3X6 

20 

10         4 

10       10 

XI         8 

13         3 

14         0 

aX8 

x6 

12           7 

13         2 

14         2 

16         2 

17         0 

aX8 

20 

II         3 

II         9 

12         9 

14         5 

IS           2 

aX8 

24 

10         3 

10         9 

II         7 

13         2 

13        10 

3X8 

x6 

IS         S 

16         1 

17         5 

19        9 

20          10 

3X8 

20 

13         9 

14         S 

IS         3 

17         8 

18         8 

;     3X8 

24 

12         7 

13         2 

14         2 

16           2 

17      0 

aXio 

x6 

IS         9 

16         6 

17         9 

ao        2 

21          3 

2X10 

20 

14         I 

14         8 

IS        II 

18        0 

19         0 

aXio 

24 

12          ID 

13       S 

14         6 

16         6 

17       s 

aXia 

16 

18          10 

X9      .9 

21         4 

24         2 

2S         6 

ax  12 

ao 

16        10 

17         8 

19         X 

21         8 

22          10 

aXi2 

24 

IS         5 

16         I 

17       S 

19         9 

20          10 

•  Tahttt  XVm.  XIX  and  XX  are  intended  for  dimates  where  a  aft  snowfall  may  be 
expected.  In  the  Soothera  States,  where  there  is  very  little  snow,  the  spans  in  Table 
XVni  wiU  be  safe  for  slate  or  gravel  roofs  if  the  joists  are  sawed  to  the  full  dimensions. 
Vaiiatkms  in  "Safe  spans"  in  different  Ubks.  for  the  same  kind  of  wood,  depend  upon 
the  assumed  safe  flexural  fiber-stress  or  modulus  of  elasticity  or  both. 

t  /t  in  the  tables  is  the  coefficient  of  strength  for  beams  and  is  one-eighteenth  of  the 
aflowabie  flezaral  fiber-atreas,  5.  For  values  of  ii  for  other  woods,  see  Table  II.  page 
698. 
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TKbto  XXI.    Maximdm  Spu  for  Cdliiig. Joists 

See  ezplanatoicy  notes  on  pa«e  736 

Total  load,  ao  pounds  per  square  foot                                       | 

Sizes 

of 
joisU 

Distance 

Hemlock. 

White  pine. 

Norway 

Short-leaf 
yellow  pine. 

Long4eaf 
yellow  pine. 

on 
centers 

•  £!»9oo  000 

E^i  000  000 

pine, 
£-x  xooooo 

spruce. 
£-1  200000 

Douglaa  fir. 
£•1  sooooo 

in 

m 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in 

3X4 

12 

8       zi 

9         3 

9       10 

10         7 

3X4 

x6 

8         I 

8         5 

8       XI 

9         7 

3X6 

12 

13       S 

X3       10 

X4         9 

15        10 

3X6 

16 

X2            3 

12         7 

13       S 

X4          5 

3X8 

13 

X7        10 

X8         6 

.   X9         8 

21          a 

3X8 

16 

x6         3 

x6       10 

17       xo 

X9         3 

2X8 

20 

XS         I 

XS         7 

x6         7 

17        10 

Total  load.  24  pounds  per  square  foot                                         | 

2X10 

12 

2Z            0 

21         9 

22        s 

33          X 

24         XI 

2X10 

16 

19         X 

19         8 

30         5 

21         0 

22            3 

2X10 

20 

X7         8 

18         4 

x8       XX 

19         6 

2X             0 

2XX3 

12 

35            3 

26         0 

26        XX 

37         9 

39          XX 

3XX3 

16 

22          XX 

33         9 

24         6 

2S           3 

37            3 

2X12 

20 

«            3 

22         0 

22         9 

23        5 

»5        2 

*  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 

Table  XXn.    Mazimam  Span  for  Floor- Joists  for  Dwellincs,  Tenements 

and  Orammar-School  Rooms  with  Fixed  Desks 

See  explanatcny  notes  on  page  736 


Total  load,  60  pounds  per  square  foot 


Sizes 

of 
joists 


Distance 

on 
centers 

in 


Hemlock, 
'£»9ooooo 


White  pine, 
£*"X  000000 


Norway 

pine, 

£«x  100  coo 


Short-leaf 
yellow  pine. 

spruce, 
£«•!  aooooo 

ft       in 


Long-loaf 
yellow  pine, 
Douglas  fir, 
£"1500  000 

ft        in 


3X  6 
3X  6 
3X  6 
3X  6 
3X  8 
3X  8 
3X  8 
3X  8 

3X10 

3Xio 


X2 

16 

X3 

x6 

X2 

x6 

12 

16 
12 
16 


9 
8 

10 

9 

13 
II 

X4 

13 
15 
X4 


3 
S 
8 
8 
4 
3 
2 

XI 

6 

I 


12 

XI 

X4 
X3 
16 
X4' 


7 
9 

0 

o 

10 

8 
8 
4 


9 
9 
II 
10 

13 
12 
X5 
X3 
x6 
XS 


XI 

o 
4 

4 
3 
o 
2 
9 
7 


10 

9 
II 
10 
X3 
12 
XS 
X4 
X7 
IS 


II 

10 
13 
II 

X4 
13 
x6 
IS 
18 
x6 


o 
o 
7 
5 
8 
4 
xo 
3 
3 
8 


Total  load,  66  pounds  per  square  foot 


3    Xio 

12 

X7 

2 

17 

18 

4 

18 

XX 

20 

3    Xio 

x^ 

IS 

7 

16 

16 

8 

X7 

18 

3     XX3 

13 

18 

0 

18 

X9 

3 

X9 

21 

3     XI3 

16 

16 

4 

16 

II 

X7 

8 

18 

X9 

3    XI3 

13 

20 

7 

21 

22 

0 

32 

34 

3    Xi3 

x6 

18 

8 

X9 

20 

0 

20 

33 

3     X14 

13 

21 

0 

21 

XX 

22 

S 

33 

34 

10 

3     X14 

16 

19 

X 

19 

30 

S 

31 

22 

3HXX4 

12 

22 

7 

33 

34 

3 

34 

XI 

36 

XO 

3>4Xi4 

16 

20 

6 

21 

31 

II 

22 

34 

3     X14 

12 

24 

0 

24 

xo 

3S 

8 

26 

28 

^   X14 

16 

21 

10 

22 

23 

4 

24 

25 

10 

*  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  loch. 
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Tibl«  ZXm.    MaJdmom  Spn  for  Floor*  Jdsta  for  Olllc*4lii]ldiiigs 

See  expUnatoiy  notes  on  p8«e  736 

Total  load,  93  poonds  per  square  foot                                      | 

Sizes 

of 
joirts 

Distance 

Hemlock, 

White  pine. 

Norway 

pine. 

£-1 100  000 

Shart-Ieaf 
yellow  pine. 

Long4eaf 
yellow  pine, 

centers 

•fi-900000 

fia"!  000  000 

spruce, 
£-x  200000 

Doudaafir. 
£biSooooo 

in 

in 

ft        in 

ft       in 

ft        in 

ft        in 

ft        in 

3X  8 

12 

12        3 

12          8 

13         I 

13         6 

14         6 

3X8 

x6 

XX            X 

XI         6 

II          IX 

12         3 

13         2 

2X10 

12 

13         4 

X3       10 

14         3 

14         8 

15       10 

2X10 

x6 

12            2 

12         7 

13          0 

13          4 

14         5 

3X10 

12 

XS         4 

15       10 

16         4 

16        10 

18         2 

3X10 

x6 

X3        IX 

14         5 

14       10 

IS         4 

16         7 

aXxa 

12 

x6        0 

16         7 

17        a 

17         8 

19         0 

2XI2 

x6 

14         7 

IS         1 

IS         7 

16         0 

17         3 

Total  load,  96  pounds  per  square  foot 

3    X12 

X2 

18            2     J 

x8       10 

19       S 

20         0 

21         6 

3    XX2 

z6 

X6         6 

17         1 

17         8 

18            2 

19         7 

2    X14 

12 

18         6 

19        a 

19       10 

20           5 

ai      II 

2    X14 

16 

x6       10 

17       S 

18         0 

18         6 

19      II 

aKXi4 

xa 

19        XI 

20        8 

21         4 

22            0 

23        8 

2^4X14 

x6 

16        2 

x8        9 

19          5 

19          XX 

ax       6 

3    X14 

12 

2X           2 

21         XX 

22            8 

23          4 

as        2 

3    X14 

z6 

19        3 

19        IS 

ao        7 

ai        a 

22      10 

*  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch, 

TmUe  ZZnr.    MaThnmn  Span  for  Floor- Joiata  for  Chorchea  and  Thaatan 

with  Fixed  Saata 

See  explanatoiy  notes  on  page  736 


Total  load,  102  pounda  per  square  foot                                    | 

Sizes 

of 
joists 

Distance 

Hemlock. 

White  pine, 

Norway 

pine, 

£-1  xooooo 

Short-leaf 
yellow  pine, 

Long-leaf 
yellow  pine. 

centers 

*  £^900  000 

£«ioooopo 

spruce. 
£«!  200000 

Douglas  fir. 
£'«x  500  000 

in 

in 

ft       in 

ft        in 

ft       in 

ft        in 

ft        in 

3X8 

X2 

IX          10 

12        3 

12          6 

13         I 

14         X 

3X8 

la 

10        9 

SI        a 

IX         6 

II       11 

12         9 

aXio 

12 

12          II 

X3         5 

S3       10 

14         3 

XS         4 

aXio 

16 

II        9 

12       a 

11         7 

S3         0 

13      n 

3X10 

12 

14       » 

is         4 

ss       10 

S6         4 

17         7 

3X10 

16 

13        6 

U        IS 

S4         S 

S4        10 

x6         0 

2X12 

12 

IS         7 

1«           S 

S6         8 

17         I 

x8         S 

2X12 

x6 

14         2 

14        8 

IS         I 

IS         7 

16         9 

Total  kad,  los  pounds  per  square  f 

oot 

3    X12 

12 

17        8 

18        3 

18       10 

19       S 

20          XX 

3    X12 

16 

x6        0 

x6        7 

17         I 

17         8 

19          0 

2    X14 

12 

18        0 

18        7 

19         3 

19         8 

21           4 

2    X14 

16 

16         4 

16         IX 

X7         S 

18         0 

19         4 

2ViXl4 

12 

19         4 

20           X 

20         8 

21         4 

23          0 

2^X14 

x6 

X7         7 

X8         3 

18       10 

19         4 

20        XX 

3    X14 

12 

20         7 

21           4 

22         0 

22         8 

24        s 

3    X14 

10 

z8         8 

X9         4 

20         0 

20         7 

22            2 

*  £  is  the  modulus  of  elasdcity  and  is  in  pounds  per  square  inch. 
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Table  ZZV.    Hazimam  Spu  for  Floor- Joisti  for  Anemlily.Hans  uid  Corridors 

See  explanatory  notes  on  page  736 

Total  load.  123  pounds  per  square  foot                                        ' 

Sizes 

of 
joisU 

Distance 

xi  em  lock. 

White  pine. 

.,              I  Short-leaf 
rr    lyeUowpine. 

Long-leaf 
yellow  pine. 

centers 

*  £*"9oo  000 

£«i  000  000 

_    ^      '           spruce. 

K  =  I  ioocoo,c»_,  ,w«%«*« 

/&*■!  200  000 

Douglas  fir, 
£*x  500  000 

m 

m 

ft        in 

ft       in 

ft        in    1    ft        in 

ft        in 

3X8 

12 

iz         2 

11         7 

XI       II         12         3 

13         3 

3X8 

16 

XI          0 

10         6 

10       10    1     II         2 

12         0 

aXlo 

12 

12          2 

12         7 

13        0    '     13         S 

14         5 

aXio 

16 

II         I 

II         5 

XI       xo        12         2 

13         x 

3X10 

12 

13       II 

14         5 

14       11 

IS         4 

x6         6 

3X10 

16 

12            8 

13         I 

13         7 

13        II 

IS         0 

2Xia 

12 

14         7 

IS         2 

IS         8 

16         I 

17          4      , 

2X12 

x6 

13          3 

13         9 

14         2 

14         8 

IS         9      1 

Total  load,  126  pounds  per  square  foot                                          1 

3    Xi2 

12 

16         7 

17         2 

17         9 

18         3 

19         8 

3    Xi2 

z6 

IS          I 

IS         7 

16  .      I 

16         7 

17        10 

2    XI4 

12 

16        II 

17  •      6 

18         I 

18         7 

20         I 

2    Xi4 

x6 

IS          4 

15       II 

16        s 

16        IZ 

18         3 

2ViXi4 

12 

x8         2 

18       10 

19         6 

20         x 

ai         7 

2HX14 

16 

x6         8 

17         3 

X7          ZO 

x8         4 

19         9 

3    X14 

12 

19         4 

20         I 

20            8 

21            4 

22       II 

3    X14 

16 

17         7 

18         3 

18       10 

»9        4 

20          ZO 

*  £  is  the  modulus  of  elasticity  and  is  in  pounds  per  square  inch. 

TaUe  XZVL    Mazfrnaxn  Spaa  for  Floor- Joists  for  Retail  Stores 
See  explanatory  notes  on  page  736 


Total  load,  174  pounds  per  square  foot                                        1 

White  pine. 

spruce. 

5-700  lb 

persqin 

A-38.88 

Norway 

Southern 

Southern 

Sises 

of 
joists 

Distance 

Hemlock, 
5-600  lb 

pine,  ^ 
Douglas  fir. 

short-leaf 
yellow  pine, 

long-leaf 
yellow  pine. 

on 
centers 

persqin 
•il-33H 

5-800  lb 
persqin 

5-1  000  lb 
persq  in 

5-1  200  lb 
persq  in 

i4-44^ 

A^SSSS 

A-66H 

in 

in 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in 

3X8 

Z2 

9         3 

9       II 

XI            I 

la        2 

3X8 

z6 

8         0 

8         7 

9         7 

ZO        6 

2X10 

12 

9         S 

10         I 

II          4 

la       s 

2X10 

z6 

8         2 

8         9 

9         XO 

10       9 

3X10 

Z2 

10         9 

II         7 

M          S 

Z3       10 

IS        a 

3X10 

x6 

ZO         0 

10        9 

Z2           0 

13        a     ' 

aXi2 

12 

10        6 

II         4 

Z2        a 

13          7 

Z4        10 

2X12 

16 

9         I 

9        10 

ZO        6 

II         9 

12         ZO      1 

Total  load.  177  pounds  per  square  foot                                        | 

3    XX2 

12 

Z2          6 

14        6 

16         2 

17         9 

3    X12 

z6 

10       10 

Z2          6 

14         0 

IS          4 

2    XX4 

12 

12         2 

14         0 

IS         8 

17        a 

2     X14 

16 

10        6 

Z2            2 

13         7 

14       II 

2HXZ4 

12 

Z3         7 

•4           «* 

zs        8 

17         6 

19        a 

2WXI4 

z6 

II         9 

13         7 

IS         a 

z6        8 

3    X14 

Z2 

16        8 

19         3 

21         6 

23         7 

_3J><14_ 

16 

M        5  . 

t6         8 

18          8 

»        5 

*  A  in  the  tables  is  the  coefficient  of  strength 
'^wable  flezural  fiber-stress  5.    For  values  of 


for  beams  and  is  one^ighteenth  of  the 
A  for  other  woods,  see  Table  II,  page 
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Table  XXVn.*    Iftazimiim  Span  for  lUften.    Shinned  Roofs,  not  Pbutorad 

See  expUn&toiy  notes  on  page  736 


Total  load,  48  pounds 

per  square  foot 

White  pine, 

spruce, 

5-700  lb 

persqin 

A -38.88 

Norway 

Southern 

Southern 

Sins 

of 
joists 

Distance 

Hemlock. 
5-600  lb 

pine, 
Douglas  fir. 

short-leaf 
yellow  pine. 

long-leaf 
yellow  pine. 

on 
centen 

persqin 
tA-33Vi 

5-800  lb 
persqin 

5-1  000  lb 
persqin 

5-iaoolb 
persqin 

il -44.44 

A^SSSS 

A-66H 

in 

10 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in 

ax  4 

16 

5        9 

6         3 

6         8 

7         S 

8         2 

aX  4 

30 

5         a 

5         7 

S       n 

6         8 

7         4 

2X6 

x6 

8         8 

9         4 

10        0 

XX          2 

12         3 

2X6 

20 

7         9 

8         4 

8        II 

xo         0- 

10         II 

3X6 

z6 

lo         7 

XI         5 

12         3 

13         8 

IS         0 

3X6 

ao 

9         6 

10         3 

10         XI 

xa        3 

13       S 

aX  8 

16 

XX         6 

X2           6 

13         4 

14       II 

16         4 

ax  8 

ao 

xo         4 

XI           2 

XI          XX 

13         4 

14         7 

ax  8 

a4 

9        S 

10        2 

10      II 

12         2 

13         4 

aXio 

x6 

X4         5 

IS         7 

16        8 

18         8 

20            S 

aXio 

20 

12          XX 

X3        II 

14       II 

16         8 

18         3 

aXio 

24 

XX         9 

12           9 

13         7 

15         2 

16         8 

TkMe  XXVllL*    Mazliiiiim  Span  for  Baftera.    Slata  Roofa,   not  Plattered« 
or  Shingind  Roofs,  Fkstered 

See  explanatory  notes  on  page  736 


Total  load,  S7  pounds 

per  square  foot 

White  pine, 

spruce, 

5-700  lb 

Norway 

Southern 

Southern 

Siaes 
of 

DisUnce 

Hemlock, 
5-600  lb 

pme. 
Douglas  fir. 

short-leaf 
yellow  pine. 

long.leaf 
yellow  pine. 

persqin 

5-800  lb 

5-1  000  lb 

5-x20olb 

joists 

centers 

tA-33Vi 

persqm 
A -38^ 

persqin 

persq  in 

persqin 

A -44.44 

A-5S.SS 

A-66W 

in 

in 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in 

2X  4 

16 

5         3 

5         9 

6         I 

6       xo 

7        6 

2X  4 

ao 

4         9 

S         I 

S         6 

6         I 

6        8 

2X6 

16 

7        II 

8         7 

9         2 

10        3 

IX         3 

2X6 

20 

7         I 

7         8 

8         2 

9         a 

xo         I 

3X6 

x6 

9         9 

xo        6 

II          3 

xa        7 

13        9 

3X6 

ao 

8         8 

9         S 

10          X 

11        3 

12         4 

3X8 

x6 

10         7 

XI           S 

12            3 

13        8 

IS        0 

2X  8 

ao 

9         6 

10         3 

10      II 

13            3 

13       S 

2X8 

24 

8         8 

9         4 

10         0 

II        a 

12         3 

3X8 

16 

13         0 

14         0 

IS         0 

16        9 

18         4 

3X8 

20 

XI         7 

12         6 

13       S 

IS        0 

16         4 

3X8 

24 

10         7 

II         5 

la        3 

13        8 

IS         0 

2X10 

16 

13         3 

14         4 

IS         3 

17         I 

18         9 

2X10 

20 

IX        xo 

12         9 

13         8 

IS         3 

16         9 

2X10 

24 

10       xo 

11         8 

12           6 

13        II 

IS         3 

*  Tables  XX\n,  XXVIII  and  XXDC  are  intended  for  climates  where  a  a-ft  snow-fall 
may  be  expected.  In  the  Southern  States,  where  there  is  very  little  snow,  the  spans  in 
Table  XXVII  will  be  safe  for  slate  or  gravel  roofs  if  the  joists  are  sawed  to  the  full  dimen- 
BOOS.  Variations  in  "  Safe  spans  "  in  different  tables,  for  the  same  kind  of  wood,  depend 
npon  the  assumed  safe  flexura]  fiber-stiess  or  modulus  of  elasticity  or  both. 

t  See  loot-note  with  Table  XXVI. 


Digitized  by 


Google 


746 


Strength  and  Stiffness  of  Wooden  Floors         Chap.  21 


Tatto  ZZIX.*    llailimifli  Spsil  for  ftcftert.    Slste  Rooff,  PbttteMd,  or 
6fmT«l  RiOoft,  aot  Pksterad 

See  fispUmtoiy  notes  on  pe«e  736 


Total  load.  66  pounds 

per  square  foot 

White  pine. 

Norway 

douthem 

Southern 

Sizes 
of 

Distance 

Hemlock. 

pine. 

short-leaf 

k>ng4eaf 

5«6oo]b 

spnice. 
5«7oolb 

Douglas  fir. 

yellow  pine. 

yellow  pine. 

on 

persqm 

5-800  lb 

S-xooolb 

5-1  200  lb 

joists 

t 

centers 

t>4-33H 

persqin 
i4-38^ 

persqin 
A -44^ 

persqin 
A-55.S5 

persQin 
A-669i 

in 

in 

ft        in 

ft        in 

ft        in 

ft        in 

ft        in 

.    2X  6 

16 

7         S 

8         0 

8        6 

9        6 

10         5 

aX6 

20 

6         7 

7         a 

7         7 

8         6 

9          4 

3X6 

16 

9         0 

9         9 

10         5 

XI         8 

12         10 

3X6 

20 

8         X 

8         9 

9         4 

10       s 

II          5 

■   ax  8 

x6 

9       Xo 

10         8 

IX           4 

12          8 

13        II 

1    ax  8 

20 

8       to 

9         6 

10        2 

XI          4 

12          5 

I    ax  8 

24 

8         0 

8         8 

9         3 

10         5 

11          4 

!    3X8 

16 

X2            I 

t3         0 

13        XI 

IS         7 

17          I 

i    3X8 

20 

10         9 

II         8 

12       i 

13       II 

IS          3 

3X8 

24 

9       10 

10         8 

II       4 

12        8 

13        11 

axxo 

16 

12         4 

13         3 

14       2 

IS       II 

17        S 

2X10 

20 

II         0 

XX          IX 

12       9 

14        2 

1$          7 

aXfo 

24 

XO           I 

10        to 

11        10 

13        0 

14          2 

2X12 

x6 

X4        9 

15     II 

17            1 

19         X 

20        II 

2X12 

20 

13         2 

U         3 

IS         3 

17        I 

18          8 

2X12 

24 

12         I 

X3         0 

13       XI 

IS         7 

17          I 

*  Tables  XXVII.  XXVIII  and  XXIX  are  intended  for  dimates  where  a  3-ft  snow-fall 
may  be  expected.  In  the  Southern  States,  whexe  there  is  very  littk  snow,  the  spans  in 
Table  XXVII  will  be  safe  for  slate  or  gravel  roofs  if  the  jobts  are  sawed  to  the  full  dimen- 
sions. Variations  in  **Safe  spans"  ih  different  tables,  lor  the  same  kind  of  wood,  depend 
lipon  the  assumed  safe  flexural  fiber-stress  or  modulus  of  dastidty  or  both. 
1 1  See  foot-note  with  Table  XXVI. 

,  To  Determine  the  Strength  of  an  Existing  Floor.  When  a  building 
it  leased  for  mercantile  or  manufacturing  purposes  the  tenant  will  generally 
desire  to  know  the  greatest  load  which  it  will  be  safe  to  put  upon  the  floors, 
and  some  building  laws  require  that  the  safe  load  for  the  floore  in  certain  classes 
01  buildings  shaU  be  computed  and  posted  in  a  conspicuotts  place  in  ealch  stoiy. 
It  is  therefore  important  that  evay  architect  should  know  how  to  compute  the 
safe  strength  of  any  existing  floor.  The  problem  is  practically  the  reverse  of 
that  of  proportioning  a  floor  to  a  pven  load.  In  speaking  of  the  strength  of  a 
floor  a  distinction  should  be  made  between  the  safe  strength  and  the  safe  load. 
The  SAP E  STREifGTH  should  mean  the  maximimi  safe  load  for  the  beams,  includ- 
ing the  weight  of  the  construction,  flooring  and  cdling.  while  the  satb  load 
refers  to  the  maximum  load  which  may  safely  be  placed  upon  tbe  floor.  The 
safe  load  is  found  by  first  computing  the  safe  strength  and  then  subtracting 
the  weight  of  the  materials  forming  the  floor,  including  the  ceiling  below,  if  there 
is  one.  The  most^  convenient  measurement  for  either  the  sate  staencib  or 
the  SATE  LOAD  of  a  floor  is  in  pounds  per  square  foot.  The  following  examples 
will  serve  to  show  the  method  of  determining  the  safe  load  for  an  ordinary  ware- 
house-floor. 

Bzample  4-    It  is  required  to  determine  the  safe  load  per  square  foot  for  a 
floor  framed  as  shovm  in  Fig.  4,  the  building  being  in  a  dty  the  laws  of  which 
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tlW  I  Mo  lb  per  iq  fai  f or  the  safe  flexure  fiber-stress  for  the  wood  of  which 
tt  i<MEts  and  girders  are  made.  The  Jouts  are  covered  with  two  thicknesses 
i  H-in  Hoofing  and  the  ceilhsg  below  is  corrugated  iron. 
Solsdoa.  The  first  step  will  be  to  find  the  safe  strekgtb  of  the  32-ft  joists. 
As  this  is  a  warehouse^floor  we  will  use  the  tables  for  strength  throughout. 
fna  Table  XII,  page  643,  for  5  >-  i  200  lb  per  sq  in,  we  find  the  safe 
crcigth  of  a  I  by  14-in  joist  of  33-ft  span  to  be  1 188  lb;  hence  the  strength 
d  a  }4  by  t4-in  joist  wiH  be  i  x88  x  2H  -  3  970  lb.  As  the  joists  are 
i€  in  on  centers,  each  joist  supports  a  floor-area  of  iVi  X  2a  ft »  29 Vi  sq  ft. 
Ik  SATE  STB2K01H  PCS  SQUARE  FOOT  of  this  portion  of  the  floor  will  therefore 
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Fig.  4.    Plan  of  a  Wazebouse-floor 

be  2  97C/29.3  B  101  lb.  Suppose  the  estimated  weight  of  the  floor  per  square 
foot  is  S  lb  for  the  joists,  6  lb  for  the  flooring  and  i  lb  for  the  corrugated-iron 
ceibg.  or,  say,  is  lb  in  all.  Then  the  safe  load  fek  squaxe  foot  for  the  32-ft 
iwts  wifl  be  lox  —  15  «  86  tb. 

The  Beadera.  We  witt  next  find  the  safe  load  for  the  4  by  14-in  headers  at 
tu.h  gdc  of  the  stair-well.  As  the  tail-beams  are  framed  into  the  headers, 
*e  should  deduct  one  inch  from  the  thickness  of  each  header  for  the  loss  of 
strength  in  framing,  leaving  3  by  14  in  for  the  effective  dimension  of  each. 
From  Table  XII,  page  643,  we  find  the  safe  strength  of  a  1  by  14-in  beam 
e^  ii-ft  span  to  be  1  867  lb.  Hence  the  strength  of  the  3  by  14  will  be  i  867  X  3 
■  S6oi  lb.  The  floor-area  supported  by  each  header  is  4^  x  12  ft «-  54  sq  ft; 
l»Ke  the  SAFE  STRENGTH  of  the  header  per  square  foot  of  floor  is  s  601/54  « 
J04  fl).  Deducting  the  weight  of  the  floor  per  square  foot,  we  have  104  —  15  =» 
89  lb  ifir  the  SAFE  LOAD. 


.  Trinmier  A  (Fig.  4)  supports  about  the  same  amount  of  floor- 
oiS  «  one  of  the  common  joists,  and  supports,  also,  the  ends  of  the  headers 
Wicting  2H  tn,  the  thickness  of  the  common  joists,  we  have  a  s  by  14-in  b 
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left  to  support  the  headers.  As  the  headers  are  supported  in  iron  stimips,  or 
beam-hangers,  no  deduction  in  strength  need  be  made  Cor  framing.  To  find  the 
safe  strength  of  a  beam  loaded  with  two  concentrated  loads,  equidistant  from 
the  supports,  we  must  use  Formula  (14),  Fig.  11,  page  651.  In  this  caSfC  m  — 
8  ft  10  in,  or  SH  ft  and  A  =  i  200/18  =  66.7  (Table  XII,  page  643). 

Applying  the  formula,  the  safe  load  at  each  joint «  5  x  14  X  14  x  66.7/4  x 
8H  -  I  848  lb. 

The  floor-area  supported  by  one  stirrup  is  equal  to  one-half  of  the  area  sup- 
ported by  the  header,  or  27  sq  ft;  hence  the  safe  strength  per  square  foot  of 
the  5  by  14-in  header  is  i  848/27  »  68  lb,  and  deducting  15  lb  per  sq  ft  for 
the  weight  of  the  floor,  we  have  53  lb  per  sq  f t  as  the  safe  load  that  the  trimmer 
will  support  on  the  floor  at  each  side  of  the  stairs.  Considering,  as  found 
above,  that  the  safe  load  for  the  2H  in,  which  we  deducted  to  take  the  place  of  a 
common  joist,  is  86  lb  per  sq  ft,  we  might  consider  the  safe  load  for  the  trimmer 
as  the  average  of  86  and  53,  or  about  70  lb  per  sq  ft. 

Trimmer  B.  This  10  by  14-in  timber  (Fig.  4)  has  to  support  the  same  floor- 
loads  as  trimmer  X,  and  also  the  lower  end  of  a  flight  of  stairs  for  which  an  allow- 
ance of  at  least  i  800  lb  should  be  made.  This  stair-load  being  practically 
concentrated  at  the  middle  of  the  trimmer  is  equivalent  to  a  distributed  load  of 
3  600  lb.  As  the  safe  load  for  a  i  by  14-in  joist  of  22-ft  span  is  i  188  lb  (Table 
XII,  page  643),  it  will  require  a  thickness  of  3  600/1  188  »  3  in  to  support 
the  stairs,  leaving  7  in  to  suppiprt  the  floor^loads.  As  this  is  H  in  less  than  the 
thickness  of  trimmer  i4,  it  is  evident  that  the  strength  of  the  floor  at  B  will  be 
a  httle  less  than  at  A ;  but  as  it  is  improbable  that  the  entire  floor-space  will  be 
loaded  at  any  given  time,  it  would  be  safe  to  rate  the  strength  of  the  floor  at 
each  side  of  the  stairway  at  70  lb  per  sq  ft,  live  load,  and  beyond  the  stair- 
way at  86  lb. 

Partitions.  When  the  floor  supports  partitions,  the  weight  of  the  latter  and 
any  load  resting  upon  them  must  be  taken  into  account  in  determining  the 
safe  load  for  the  floor.  If  a  partition  runs  the  same  way  as  the  joists,  then  onl y 
the  joist  directly  under  the  partition,  and  the  joists  at  each  side  will  be  affected: 
but  if  a  partition  runs  across  the  joists,  then  it  affects  the  safe  load  of  the  entire 
floor. 

Example  5.  Suppose  that  the  22-ft  joists  in  the  floor  shown  In  Fig.  4  have  to 
support  a  plastered  partition  12  ft  high,  running  across  the  joists  half-way  be- 
tween the  walls.    What  will  be  the  safe  load  for  the  floor? 

Sdtttion.  A  plastered  partition  with  2  by  4  or  2  by  6-in  studs,  set  16  in  on 
centers,  weighs  about  20  lb  per  sq  ft  of  partition-face;  hence  a  partition  12  ft 
high  will  weigh  240  lb  per  lin  ft  of  partition.  As  the  joists  are  16  in  on  cen- 
ters, each  joist  supports  iVi  lin  ft  of  partition,  weighing  320  lb.  As  this  load  is 
concentrated  at  the  middle  span  of  the  joists  it  is  equivalent  to  a  distributed 
load  of  640  lb.  In  Example  4,  we  found  the  safe  distributed  load  for  the  2H  by 
14-in  joists  of  22-ft  span  to  be  2  970  lb.  Subtracting  640  lb  from  this  we  have 
a  330  lb,  which  may  be  used  for  the  floor.  As  the  floor-area  supported  by  one 
joist  is  29H  sq  ft,  the  safe  strength  of  the  floor  per  square  foot  is  2  330/ 29H  -  79 
lb,  and  the  safe  load  is  79  —  15  «  64  lb  per  sq  ft.  Hence  the  partition  decreases 
the  safe  load  by  86  -  64  «=  22  lb  per  sq  ft.  Whenever  the  upper-floor  joists 
are  supported  by  a  partition  carried  by  a  floor  below,  the  effect  of  the  i>artition 
and  its  load  upon  the  strength  of  the  lower  floor  should  be  very  carefully  com- 
puted. 

Bridging  of  Floor- Joists.  By  biudging  is  meant  a  system  of  bracing  for 
floor-joists,  either  by  iheans  of  small  struts,  as  in  Fig.  5,  or  by  means  of  single 
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Fig.  6.    Floor-joists  with  Bridging 


pieces  of  boards  set  at  right-angles  to  the  joists  and  fitting  in  between  them. 
The  effect  of  this  bracing  is  of  decided  advantage  in  sustaining  any  concen- 
trated LOAD  upon  a  floor;  but  it  does  not  materially  strengthen  a  floor  to  resist 

a    UNIFORULY    DISTRIBUTED    LOAD.      The 

bridging  also  stiffens  the  joists,  and  pre-  — 

vents  them  from  turning  sidcwise.  It  is 
customary  to  insert  rows  of  cross-bridging 
from  5  to  8  ft  apart;  and  to  be  effective 
the  rows  of  bridging  should  be  in  straight 
lines  along  the  floor,  so  that  each  bridging- 
strut  may  abut  directly  opposite  those 
adjacent  to  it.  The  method  of  bridging 
shown  in  Fig.  5,  and  known  as  cross-  | 
BRIDGING,  is  considered  to  be  by  far  the 
best,  as  it  allows  the  thrust  to  act 
parallel  to  the  axis  of  the  strut,  and  not 
across  the  grain,  as  must  be  the  case 
where  single  pieces  of  boards  are  used. 
The  bridging  should  be  of  'iH  by  3-in 
stock,  for  2  by  xo-in  and  smaller  jobts, 
and  of  2  by  3-in  stock  for  12-  and  X4-in 
joists. 

Framing  of  Wooden  Floor-Beams. 
In  dwellings,  tenements  and  lodging- 
houses  it  is  frequently  necessary  to  frame  the  timbers  so  that  they  are  flush 
with  one  another.  The  old  methods  of  framing  the  tail-beams  and  headers  or 
headers  and  trimmers  by  mortise-and-tenon  joints  are  now  generally  superseded 
by  hanging  the  timbers  in  stirrups  or  malleable-iron  joist-hangers.  In  this  con- 
struction the  entire  strength 
of  the  timbers  is  retained,  while 
the  cost  of  the  hangers  is  often 
less  than  the  labor-cost  in  pre- 
paring the  mortise-and-tenon 
joints.  All  headers  6  ft  or 
more  in  length  should  be 
carried  in  joist-hangers  or 
stirrups  and  this  is  usually 
required  in  the  building  codes 
of  the  large  cities.  In  ware- 
houses and  all  first-class  build- 
ings the  framing  should  be 
done  by  means  of  joist-hangers. 
For  light  floors,  with  moderate 
spans,  it  is  generally  safe  to 
frame  the  tail-beams  into  a 
header,  provided  the  latter  is 
strong  enough  to  carry  the 
load  and  allow  i  in  in  thickness 
for  the  mortising.  Headers, 
ako,  carrying  not  more  than  two  tail-beams  are  often  framed  into  the  trimmers. 
In  case  the  old  methods  of  framing  are  used  instead  of  the  superior  methods 
with  joist-hangers,  the  best  shape  and  proportions  for  the  tenons  and  ends  of 
the  tail-beams  or  headers  are  those  shown  in  Fig.  6.    This  form  of  framing 


Fig.  6.    Framing  of  Jobts  into  Header 
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probably  offers  as  large  a  proportion  o(  the  strength  of  the  timbcn  as  it  i 
possible  to  utilize,  although  for  tail-beams  it  was  the  opinion  of  Mr.  Kidde 
that  a  single  tenon  like  that  shown  in  Fig.  7  b  fully  as  strong,  espedally  whe: 
the  header  is  built  up  of  a-in  planks  spiked  together.    In  either  case,  if  the  floo 


Fig.  7.    Alternate  Method  of 
Fimming  Jobts  into  Header 


TZ 


Fig.  8.    Framod  Joiit  Split  by^LiMd 


is  loaded  to  its  full  strength,  the  tail-beam  will  spHt  at  the  bottom  of  th< 
tenon,  as  shown  in  Fig.  8,  which  Illustrates  the  weakening  effect  of  th^ 
mortise-and-tenon  framing. 

Stirrups  and  Joist-Hangers.  The  first  device  used  for  framing  headers  u 
trimmers  without  mortising  was  the  wrought-iron  stirrup  shown  in  Fig.  0 
These  are  made  either  single  or  double,  depending  upon  whether  one  or  tw< 
beams  are  to  be  supported.    To  prevent  the  floor  from  spreading  and  thus  per 


DOUBLE  STIRRUP 


SINGLE  STIRRUP  AND  JOINT  BOLT 


^ 


^:^zn 


Ffg.  9.    Fnuning  with  Wrooght-iron  Stirrops 


nltting  the  header  to  slip  out  of  the  stirrup,  a  joint-bolt  may  be  inserted, 
shown  in  the  two  right-hand  illustrations  of  Fig.  0.  To  determine  the  stren 
of  a  stirrup,  multiply  the  sectional  area  of  the  iron,  in  square  inches,  by  1 2  < 
lb  per  sq  in.     (Table  i,  page  376.) 

The  following  sizes  of  iron  should,  in  general,  be  used  for  the  different  \ 
of  joists  to  be  supported: 
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Sua  of  jobtB  or  timbos  to  be  Sections  of  stirrup* 

supported,  in  inches  iron  in  inches 

a  by   8  to  3  by  lo: Hhy  aM 

4  by  lo  to  4  by  12 H  by  aW 

6  by  13  to  3  by  14 H  by  3 

8  by  13  to  4  by  14 yihy  sH 

6byn Hby4 

8  by  14  to  xo  by  14 H  by  4 

Joist-Hangers.  Aside  from  the  matter  of  strength  there  are  objections  to 
the  use  of  stirrups.  If  the  timber  on  vhlch  they  rest  is  not  perfectly  dry,  the 
stirrups  will  settle  by  an  amount  equal  to  the  shrinkage  of  the  beam  on  which  they 
rest,  and  let  down  the  header  with  them,  and  the  projection  of  the  iron  above 
the  top  of  the  timbers  will  necessitate  cutting  out  the  flooring.  If  the  stirrups 
are  exposed  in  this  way  their  appearance  is  objectionable.  While  they  may 
be  designed  to  resist  any  tensional  stress  the  resistance  of  steel  to  bending 
is  comparatively  small,  and  the  resulting  crushing  of  the  timber  irhere  they 
go  over  the  edge  is  the  chief  objection  to  the  use  of  stirrups  of  this  type 
for  heavily  loaded  floors.    The  small  bearing  of  a  timber  on  a  stirrup  is 
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Abnt  Ih'-^* 


C— Ciri  PBWUyia 

Fig.  10.    Failure  of  Steel  Stirrup  Wall-hanger 


not  sufficient  to  distribute  the  load  on  the  wood  over  the  required  area.  This 
increases  the  bearing  per  square  inch,  allows  the  hanger  to  crush  into  the  edge 
and  tends  to  straighten  out  the  stirrup  as  shown  in  Fig.  29,  page  757.  The 
same  serious  objection  applies  to  the  use  of  steel  stirrup-hangers  in  brick  walls 
to  carry  beams  free  of  the  walls.  As  previously  explained,  all  the  load  is 
brought  to  the  extreme  edge,  causing  a  much  greater  load  per  square  inch  on 
the  masonry  than  is  allowable.  Fig.  10  *  shows  the  effect  of  crushing,  in  a 
warefaoose-building  in  Minneapolis,  Minn.  WaU-hangers  made  of  steel 
sdrrupa  should  not  be  used.  Patented  $teel  hangers  riveted  to  bearing-plates 
are  likewise  very  undesirable  as  the  crushing  effect  is  greatest  at  the  outer 
edge,  due  to  the  straightening-out  tendency  of  the  hanger  at  this  point. 

Figs.  11  and  12  illustrate  the  Duplex  and  Goetz  joist-hangers,  which  are 
patented  and  are  claimed  to  be  superior  to  the  old-style  stirrups.  The  Duplex 
hanger  b  used  not  only  for  ordinary  building-construction,  but  for  the  most 
heavily  loaded  mill-construction  in  factories  and  warehouses.  As  these  hangers 
are  made  of  malleable  iron  they  will  not  straighten  out  when  heated,  in  case  of 
fire,  and  drop  the  beams.    That  is  what  happens  to  wrought-steel  stirrups 

•  Taken  from  a  paper  on  "Jofet  and  Wall-Hangers,"  read  by  Mr.  F.  E.  Kidder  at  a 
meeting  of  the  Colorado  Chapter  of  the  .American  Institute  of  Architects,  February  27. 
X903- 
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when  the  twist  becomes  heated.  This  hanger  has  proven  perfectly  satisfactory 
and  is  extensively  used.  Both  are  made  in  sizes  to  (it  all  regular  sixes  of  joists 
or  girders,  and  have  ample  strength  for  the  purpose  for  which  they  are  intended. 


Fig.  11.    Duplex  Joiit>hanfer 


Fig.  IS.    Goetejofat4ia^er 


As  shown  by  the  illustrations,  they  are  made  to  be  inserted  in  round  holes  bored 
in  the  side  of  the  carrying  timbers,  at  or  a  little  above  the  center  line.  With 
these  hangen  the  effect  of  shrinkage  is  reduced  one-half,  and  the  other  two  ob- 


Fig.  IS.    Doploi  I-beam  Hangers 


Fig.  14.    Duplex  I-beam  Shelf-hanger.    Joists  Raised  Less  than  Four  Inches 

lections  to  the  stirrup,  previously  mentioned,  are  overcome.    The  Duplex 
hanger  has  ridges  on  the  inside  of  the  side  brackets  to  hold  the  beam. 
For  timbers  of  larger  sixe  and  for  the  heaviest  construction,  the  Duplex  bangers^ 
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sfaoim  in  Fig.  32,  page  789.  are  used  and  are  bolted  to  the  beams.    By  thb 
construction  the  entire  building  is  tied  together  laterally. 

Fig.  13  shows  the  Duplex  I-beam  hanger  for  framing  floor-jdsts  to  I  beams. 
This  hanger  is  made  to  exactly  fit  into  the  flange  of  the  X  betm.    It  has  a  rib 


15.    Duplex    I-beam    Box    Hanger. 
Raised  More  than  Four  Inches 


Joists      Fig.  16. 


Duplex  Wall-hanger  lor 
Joists 


on  the  bottom,  H  in  high,  which  serves  as  a  tie  when  the  j<Mst  is  placed  in  the 
banger,  and  it  provides  a  bearing  of  at  least  4M  in  for  the  joist.  It  is  made 
to  carry  any  joist  of  regular  size,  and  offers  one  of  the  best  devices  for  framing 
wooden  joists  to  I  beams  of  the  same 
depth.  The  hangers  are  bolted  to  the 
web  of  the  I  beam.  Fig.  14  shows  the 
Duplex  I-beam  shelf-hanger  which  is  used 
when  the  construction  requires  the  joists 
to  be  raised  above  the  lower  flange  of  the 
I  beam  less  than  4  in.  Fig.  15  illustrates 
the  Duplex  I-beam  box-hanger  and  is 
recommended  where  the  joists  are  raised 
more  than  4  in  above  the  lower  flange 
of  the  I  beam.  In  both  these  construc- 
tions the  hangers  are  bolted  singly  or 
opposite,  as  required,  on  the  I  beam  and 

the  loads  are  carried  on  the  lower  flanges  of  the  beams.  Fig.  16  shows  a 
similar  hanger  made  to  support  the  wall-end  of  a  floor-joist.  This  form  of 
construction  is  considered  much  superior  to   the  method  of   building   the 


Fig.  17. 


Duplex  Steel  Wall-hanger  for 
Large  Beams 


Fig.  18.    Duplex  Extra-heavy  Wall-hanger  for  Mill-constrtiction 

joists  into  a  wall,  as  it  absolutely  prevents  dry-rot,  and  permits  the  joists  to 
fall,  in  case  of  fire,  without  throwing  the  wall.  It  also  gives  the  load  a  good 
bearing  on  the  wall.  Fig.  17  illustrates  the  Duplex  steel  wall-hanger  for  larger 
timben,  and  Fig.  18  shows  the  Duplex  extra-heavy  waU-hanger  for  the  heaviest 
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millKxmstnictioii.  These  hangers  bear  the  label  of  approval  of  the  National 
Bovd  of  Fire  Underwriters  and  are  generally  considered  the  best-designed  wall- 
hangers  now  on  the  market.  This  hanger  gives  an  extra  bearing  on  the  masonry 
and  ia  so  constructed  that  it  reacts  as  a  unit  and  distributes  the  load  equally  oyer 
the  entire  surface  of  the  masonry.    There  b  no  tendency  for  a  hanger  of  this 


Fig.  10.    Duplex  Wall-hanger 
for  Concrete  Blocks 


Fig.  ao.    "  Ideal "  Wxought-sted  Beam-hanger 


type  to  crush  in  at  the  edge  of  the  masonry  and  straighten  out,  as  is  the  caae 
with  some  other  typa  of  wall-hangers.  Fig.  19  shows  the  Duplex  wall-hanger 
used  in  connection  with  walls  constructed  of  concrete  blocks.  These  hangers  are 
often  used  in  repair-work  in  party  walls,  as  they  avoid  the  cutting  of  large  holes 
in  the  walls,  and  also  provide  an  easy  and  simple  method  of  carrying  the  joists 
clear  of  the  wall&    The  Ideal  hanger  illustrated  in  Fig.  20  is  made  of  wrought 


Fig.    21.    "Ideal"    Wrought- 
steel  Beam-banger 


Fig.  23.    "Ideal"  Wfought-steel  Wall-hanger 


steel  and  corrugated  at  the  points  where  it  is  bent  over.  This  reinforces  it  and 
tends  to  prevent  bending  at  these  points.  Fig.  21  illustrates  another  form  of 
the  Ideal  hanger  with  holes  for  spiking  to  a  timber.  This  hanger,  also,  is 
corrugated.  In  these  hangers  the  full  strength  of  the  steel  is  retained  as  the 
fibers  of  the  metal  are  not  cut  in  forming  them.  They  are  made  of  wrought- 
iteel  bars  folded  to  the  required  shape.    Fig.  22  shows  the  Ideal  hanger  riveted 


yGoogk 


Joist  and  Beam*Hanger8 


765 


to  a  sted  plate  and  in  podtiaQ  to  be  bu&t  into  a  brick  wail.  Other  iJlustratioQf 
of  waU-hangen  are  given  in  Chapter  XXII.  The  Van  pom  hanger,  illustrated 
in  Fig.  23,  is  esaentiaUy  a  stirrup  forged  trota  high-grade  ateel  The  few  tests 
that  have  been  made  would  seem  to  indicate  that  it  developes  a  greater  re- 
to  bending  than  the  ordinary  stirrup^  while  it  gives  a  wider  bearing 


Fig.  23.    V^an  Dora  Ikam-haager 


Fig.  24.    V4D  Doni  WaU-baogBr 


for  the  joist  and  presents  a  much  neater  appearance.  Fig.  24  shows  the  same 
hanger  riveted  to  a  bent  iron  plate,  to  build  into  brick  walls.  When  the  hanger 
is  to  be  used  over  a  steel  beam  the  upper  ends  are  bent  to  fit  over  the  flange  of 
the  beam,  as  in  Tig.  26.  ''Although  I  know  of  no  test  of  the  strength  of  a  Van 
Dom  I-beam  hanger,  it  would  seem  as  though  it  must  be  much  stronger  than 


ng.SS.    Vaa  Dora  I-bcam  Hanger  F!g.M.    Natkmal  Jotet  or  Beam-haagw 


the  pattern  made  for  wooden  beams,  on  account  of  the  clinch  over  the  flange  of 
the  I  beam.  The  Van  Dom  hangers  have  been  used  in  many  important  bufld- 
faiga"* 

Fl0k  26  and  27  show  the  general  form  of  two  other  patented  joist-hangers, 
which  are  foiged  from  plate  steel.    Both  of  these  hangers,  alsok  are  made  to  be 

*F.  £.  Kidder. 
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built  into  brick  walls  and  to  go  over  steel  beams.  The  National  hanger  (Fig.  26) 
has  a  flange  on  top,  which  helps  materially  in  distributing  the  load  over  the  top 
ef  the  beam  as  shown  in  figure.    The  larger  hangers  of  this  style  have  holes  in 

the  top  for  laige  spikes.  This 
hanger  im>H  the  Lane  hanger 
(Fig.  27)  have  been  mudi  used. 
Comparative  Strengths  of 
Different  Types  of  Joist- 
Hsngen.  Although  the  tests 
that  have  been  made  to  deter- 
mine the  strength  of  difiFerent 
hangers  are  few  in  number,  a 
sufficient  ntunber  have  been 
made  to  show  that  any  one  of 
the  hangers  described,  including 
the  common  stirrup,  is  abun- 
dantly strong  for  any  single 
FLOOB-BEAM  not  exceeding  4  by 
F|g.».    Lane  Joist  or  Beam-haoger  '4   in   in    cross-sectioii     It   is 

only  m  the  case  of  a  header  or 
trimmer  which  supports  a  load  over  a  considerable  floor-area  that  the  strength 
need  be  considered  at  all.  From  tests  made  at  various  times  on  joist*>hangers 
and  on  girder-hangers,  it  would  appear  that,  under  extreme  loads,  two-part 
hangers  usually  develop  great  strength.  A  two-part  hanger,  carrying  a  xo 
by  14-in  girder,  sustained  a  load  of  38000  lb  without  injury  to  the  hanger 
itself.  A  shnilar  hanger  held  until 
loaded  up  to  39  550  lb,  when  one 
side  broke  off  short  under  the 
nipple  projecting  into  the  timber, 
the  condition  of  the  hanger  after 
failure  being  shown  in  Fig.  28.  A 
common  stirrup  made  from  %  by 
3H-in  wrought  iron  failed  under  a 
load  of  13  750  lb  by  bending  and 
pulling  over  the  header,  as  shown 
in  Fig.  20.  A  6  by  i8-in  steel 
hanger  "began  to  straighten  out 
under  a  load  of  13  300  lb,  and  failed 
to  hold  under  a  load  of  18  750 
lb."*  Single  hangers  of  the 
stirrup-type  no  not  bkeax,  but  fail 
by  the  bending  up  of  the  parts 
which  He  over  the  top  of  the  header 
as  shown  in  Fig.  29.  Th«y  also  appear  to  crush  the  wood  under  them  par- 
ticularly at  the  edges,  to  a  very  mudi  greater  extent  than  does  the  spool  of 
the  Duplex  hanger.  With  a  dou^ub  stirrup  the  ultimate  strength  is  measured 
by  the  strength  of  the  iron.  Thus,  a  double  stirrup,  made  of  %  by  2}4-m  wrought 
iron,  was  loaded  up  to  57  650  lb  (a8  835  lb  on  each*  side),  when  it  broke  at  one 
of  the  lower  comers.  A  sfaigle  stirrup  would  of  course  be  just  as  strong  if  it 
could  be  kept  from  bending.  In  actual  construction  the  flooring  over  the  beams 
to  some  extent  prevents  the  top  of  a  stirrup  from  springing  up.    The  tests  that 

*Froin  data  compiled  by  Mr.  Kidder  from  a  series  of  tests  on  beam-hangcts 
and  joist-baiigen. 


Fig   28.    Result  of  Test  of 
Beam-hanger 


a  Two-pait 
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have  been  made  of  two-part  hangers  show  conclusively  that  where  only  a 
angle  hanger  is  used  the  holes 
which  are  bored  in  the  header  do 
not  seriously  affect  its  strength 
when  the  load  is  within  the  sale 
limit,  and  a  test  made  at  Balti- 
more, Md.»  August  24,  1904,  with 
3  by  la-in  joists,  spa<xd  12  m  on 
oeateis  and  suspended  by  these 
hangers  let  into  a  header  formed 
of  three  3  by  12-in  joists,  spiked 
together,  would  seem  to  prove 
that  even  when  the  holes  are  12  in 
apart  th^  do  not  seriously  weaken 
it.  "  The  <mly  record  of  the  fail- 
ure of  any  f<Mrm  of  hanger  when 
in  actual  use  in  a  bmlding,  of 
which  I  am  aware,  is  that  of  a 
failure  in  Minneapolis,  where  a 
portion  of  six'  floors  of  a  ware- 
housefeD,  oqNov.  7, 1902,  through 
the  faihixe  of  a  wall-hanger  made 
from  a  4  by  2  by  %-in  structural- 
steel  angk>  which  was  sheared  and  bent,  and  riveted  to  an  8  by  16  by  %-in 
bearing-plate.  The  failure  was  due  to  the  crushing  of  the  outer  edge  of  the 
brickwork  under  the  hanger,  and  the  consequent  bending  up  of  the  top  portion. 
Hie  actual  k>ad  on  the  hanger  was  about  15  000  lb."  * 

*F  E.  Kidder.    See,  also,  Engineering  News,  Nov.  ao^  190a. 


Fig.  39.    Result  of  Test  of  Wrought-fron  Stiizup- 
hanger 
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CHAPTER  XXII 

WOODEN  MILL  AND  WAKEHOUS&CONSTEUGTION 

By 
A.  P.  STRADUNG 

SUFEKXHTCNDENT  OF  SURVEYS,   FHILADEiPBU  IlEB  mnXBRWRTEESS' 
ASSOCIATION 

1.  Mill-ConitroetiMi 

Definition.  The  term  mill-constkuction  is  commonly  used  to  designate  a 
method  of  construction  brought  about  largely  through  the  influence  of  the 
Boston  Manufacturers'  Mutual  Fire  Insurance  Company  of  Boston,  Mass.,  and 
especially  through  the  efforts  of  Mr.  Wm.  B.  Whiting,  whose  judgment  in 
mechanical  matters,  and  experience  and  skill  as  a  manufacturer  were  for  many 
years  devoted  to  the  interests  of  insurance  companies,  and  to  the  improvement 
of  factories  of  all  kinds.  The  extended  use  of  this  system  and  the  improvements 
tliat  have  been  made  in  it  during  recent  years  arc  probably  due  more  to  the 
influence  of  Mr.  Edward  Atkinson,  President  of  the  Boston  Manufacturers' 
Mutual  Insurance  Company  and  Director  of  the  Insurance  Engineering  Experi- 
ment Station  at  Boston,  than  to  that  of  any  other  individual. 

Cost.  The  purpose  of  mill-construction  is  to  reduce  the  fire-risk  to  its  low- 
est point  without  going  to  the  expense  of  tire-proof  construction.  The  increasing 
cost  of  heavy  timber,  however,  and  in  fact  of  all  lumber,  together  with  the 
lessened  cost  of  the  erection  of  the  so-called  fire-proop  types,  constructed 
entirely  of  reinforoed  concrete,  or  built  with  protected  steel  frames  and  incom> 
bustible  floors,  and  the  recognition,  also,  of  the  obvious  advantages  of  more 
FmE-KESiSTiNG  CONSTRUCTION,  especially  in  the  congested  sections  of  dties,  are 
bringing  these  tjrpes  into  more  general  use.  The  cost  of  these  Utter  types  of 
construction  is,  in  many  instancfs  no  more  than  the  cost  of  various  types  of 
mill-construction. 

The  Slow-boming  or  Mill-Constniction  Type.  The  experience  of  years 
has  entirely  justified  the  use  of  this  type.  It  renders  possible  a  somewhat  less 
costly,  and  at  the  same  time,  what  is  of  great  importance,  a  more  effective  system 
of  fire-protection  than  can  be  installed  in  buildings  of  light  construction,  with 
the  s(^called  joisted  floors  and  with  the  roofs  made  of  boards  supported  on 
a-in,  3-in,  or  4-in  joists.  The  entire  subject  of  slow-bitrning  or  mill-con- 
STKUcnoN  as  applied  to  factories  is  most  admirably  described  and  illustrated 
in  Report  No.  5  of  the  Insurance  Engineering  Station  of  the  Boston  Manu- 
facturers' Insurance  Company,  No.  31  Milk  Street,  Boston,  Mass.,  from  which 
the  author  has,  by  permission,  taken  and  adapted  many  of  the  following  illus- 
trations and  descriptions. 

2.  What  Mill-Conitmction  Ii* 

(i)  Heavy  Timbera.  Mux-construction  consists  in  90  disposing  the 
timbers  and  planks  in  heavy,  solid  masses  as  to  expose  the  least  number  of 
comers  or  ignitable  projections  to  fire;  and  to  the  end,  also,  that  when  fire 
occurs  It  may  be  most  readily  reached  by  water  from  sprinklers  or  hose. 

*  Fn>m  Report  No.  5  of  the  Insurance  Engineering  Station  of  the  Boston  Mamifac- 
tuzen'  T**********^  Company,  No.  jx  Milk  Street,  UostoQ,  Mass. 
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{a)  nf«-Sto]»S.  It  consists  in  separating  every  floor  from  every  otber 
floor  by  iocombustible  stops,  by  bstalltng  automatically  closing  hatchways 
and  by  encasing  stairways  either  in  brick  or  otber  incombustible  partitions,  so 
that  a  fire  will  be  retarded  in  passing  from  floor  to  floor  to  the  utmost  consistent 
with  the  use  of  wood  or  any  material  not  absolutely  fire-proof. 

C3)  Fiie-ReUurdaiitf .  It  consists  in  guarding  the  ceilings  over  all  spedally 
ha»irdous  stock  or  processes  with  FUtE-BETAHDANT  uatekials,  such  as  plaster- 
ing laid  over  wire  lath  or  expanded  metal,  or  over  wooden  dovetailed  lath, 
following  the  lines  of  the  ceilings  and  of  the  timbers  and  leaving  no  interspaces 
between  the  plastering  and  the  wood;  or  else  in  protecting  the  ceilings  over 
hazardous  places  with  asbestos,  air-cell  boards,  sheet  metal,  Sackett  Plaster 
Board,  or  other  fire*retardant. 

{4)  Plre-Saf  egtiards.  It  consists  not  only  in  so  constructing  the  mill,  work- 
shop, or  warehouse  that  fire  will  pass  as  slowly  as  possible  from  one  part  of  the 
building  to  another,  but  also  in  providing  all  suitable  sapeguakds  against  tire. 

I.  What  MiU-Constniction  Ii  Not 

(z)  Concealed  Spaces.  Mill-construction  does  not  consist  in  so  disposing  a 
given  quantity  of  materials  that  the  whole  interior  of  a  building  becomes  a  series 
or  WOODEN  CELLS,  or  concealed  spaces,  connected  with  each  other  directly  or 
by  cracks  through  which  fire  may  freely  pass  where  it  cannot  be  reached  by 
water. 

(3)  Site  of  Timbers,  Fire-Stops,  etc.  It  docs  not  consist  of  an  open-timber 
oonstmction  of  floors  and  roofs  which  resembles  mill-construction,  but  which 
is  built  with  light  timber  of  insufficient  size  and  with  thin  planks,  without  fire- 
stops  or  fire-guards  from  floor  to  floor. 

(3)  Stairways.  It  does  not  consist  in  connecting  floor  with  floor  by  com- 
bustible WOODEN  stairways  encased  in  wood  less  than  two  inches  thick. 

(4)  Partitions.  It  does  not  consist  in  putting  in  very  numerous  ugbt, 
WOODEN  DIVISIONS  or  partitions. 

is)  Sheathing  and  Furring*  It  does  not  consist  in  sheathtno  brick  walls 
with  wood,  especially  when  the  wood  is  set  off  from  the  waUs  by  ruRRiNo,  and 
even  if  thm  axe  stops  behind  the  furring. 

(6)  Vandsh.  It  does  not  consist  in  permitting  the  use  of  varntsh  on  wood- 
woriL  over  which  a  fire  will  pass  rapidly. 

(7)  Glass,  Fire-Shutters  and  Wire-Glass.  It  does  not  consist  in  leaving 
windows  exposed  to  adjacent  buildings  and  unguarded  by  fire-shutters  or 

WIRE-CLASS. 

(8)  Painting  and  Dry-Rot.  It  does  not  consist  in  painting,  varnishing, 
filling  or  encasing  heavy  timbers  and  thick  planks,  as  they  are  customari^ 
delivered,  and  thus  making  possible  what  is  called  dry-rot,  caused  by  a  lack 
of  ventilation  or  opportunity  to  season. 

(9)  Sprinklers,  Pumps,  Pipes,  Hydrants,  etc.  It  does  not  consist  in 
leaving  even  the  best-constructed  building  in  which  dangerous  occupations  are 
followed  without  aiteomatic  sprinklers,  and  without  a  complete  and  adequate 
equipDicnt  of  fumfs,  fifes  and  hydrants. 

(fo)  FinUUng  in  Wood  and  Other  Materials.  It  does  not  con^t  in 
using  more  wood  in  finishing  a  buiMing  after  the  floors  and  roof  are  laid  than 
is  absolutely  necessary,  since  there  are  now  many  safe  methods  available  at  low 
cost  for  fi»i<<fMt^  Iraib  and  'constructing  partitions  with  slow-burning  or  in- 
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combustible  materials.  Accordingly  if  plaster  is  to  be  put  on  a  ceiling  and  is 
to  follow  the  line  of  the  underside  of  the  flooring  and  the  flooring-timbers,  it 
should  be  plain  uiie-uortas  plaster,  which  is  sufficiently  porous  to  permit, 
seasoning.  The  addition  of  a  skim-coat  of  lime-putty  is  hazardous,  especially 
if  the  overflooring  is  laid  over  rosin-sized  or  asphalt  paper.  This  rule  applies 
to  almost  all  timber  as  now  delivered.  Examples  of  all  of  the  faulty  methods 
of  construction  above  mentioned  have  been  found  in  various  building  pur- 
porting to  be  of  mill-construction,  and  they  all  form  parts  of  what  has  some- 
times been  called  combustible  construction. 

4.   Standard  Mill-Construction 

EzampU  of  Standard  Mill-Construction.  Fig.  1  shows  a  cross-section 
through  a  mill  of  the  customary  or  standard  type  recommended  by  the  Boston 
Manufacturers'  Mutual  Insurance  Company,  the  details  of  construction  being 
revised  to  May,  1908. 

Walls.  If  additional  stories  are  required,  the  walls  may  be  increased  in 
thickness  according  to  the  number  of  stories  added,  after  a  computation  has 
been  made  of  the  loads  which  a  standard  factory  may  be  called  upon  to  sus- 
taixL  Walls  should  be  of  brick  and  at  least  13  in  thick  in  the  upper  story,  and 
their  thickness  should  be  increased  in  the  lower  stories  to  support  additional 
loads.  Plastered  walls  are  often  to  be  preferred  to  unplastered  walls.  Window- 
arches  and  door-arches  should  be  of  brick,  and  window-sills,  outside  door-sills  and 
under-pinning  of  granite  or  concrete. 

Roofs  and  Floors.  The  roofs  should  be  of  3-in  pine  planks  spiked  directly 
to  the  heavy  roof-timbers,  and  covered  with  five-ply  tar-and-gravel  roofing. 
Roofs  should  incline  from  %  to  %  in  per  ft,  and  incombustible  cornices  are 
recommended  when  there  is  exposure  from  neighboring  buildings.  Floors 
should  be  of  spruce  planks,  4  in  or  more  in  thickness  according  to  the  floor- 
loads,  spiked  directly  to  the  floor-timbers,  and  kept  at  least  \<i  in  away  from  the 
face  of  the  brick  walls.  In  order  to  obviate  the  danger  of  cracking  the  walls, 
which  sometimes  results  from  the  swelling  of  planks  laid  close  against  them, 
these  spaces  left  between  walls  and  floor-planks  must  be  covered  by  strips  or 
battens  both  above  and  below.  In  floors  and  roofs,  the  bays  should  be  from 
8  to  loV^  ft  wide,  and  all  planks  two  bays  in  length  should  be  laid  to  break 
joints  every  4  ft,  and  grooved  for  hard-wood  splines.  Usually  an  overfloor  of 
birch  or  maple  is  laid  at  right-angles  to  the  planking,  but  the  best  mills  have  a 
double  overfloor,  a  lower  one  of  soft  wood,  laid  diagonally  upon  the  planks  and 
an  upper  one  laid  lengthwise.  This  latter  method  allows  boards  in  alle3rs  or 
passageways  to  be  easily  replaced  when  worn,  while  the  diagonal  boards  brace 
the  floors,  reduce  the  vibration,  and  distribute  the  floor-loads  more  uniformly 
than  the  former  method.  Between  the  planking  and  the  overfloor  should  be 
two  or  three  layers  of  heavy,  hard  paper,  laid  to  break  joints,  and  each  mopped 
with  hot  tar  or  similar  material  to  make  a  reasonably  water-tight  as  well  as 
dust-tight  floor.  The  usually  rapid  decay  of  the  basement  or  lower  floors  of 
mills  makes  it  desirable,  whenever  wood  is  not  absolutely  necessary,  to  make 
such  floors  of  cement.  If  wooden  floors  are  required,  crushed  stone,  dnders, 
or  furnace  slag  should  be  spread  evenly  over  the  surface,  and  covered  with  a 
thick  layer  of  hot-tar  concrete.  On  this  tarred  felt  is  often  laid,  well  mopped 
with  hot-tar  asphalt,  and  over  it  a  flooring  of  2-in  seasoned  planks,  well  pressed 
down  and  nailed  on  edge  without  perforating  the  water>proofing  under  it.  The 
hard-wood  boards  of  the  overfloor  are  then  nailed  across  the  planks.  Cement  ' 
concretes  promote  decay  of  wood  in  contact  with  them.    If  extra  supports  are 

-ilred  for  heavy  machinery,  independent  foundations  of  masonry  should  be 
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provided.  In  view  of  the  difficiilties  frequently  met  with  in  preserving  base- 
ment floors  of  the  ordinary  timber  construction,  because  of  the  lade  of  suitable 
ventilation  underneath,  and  also  in  view  of  the  rapid  decay  of  timber  and  plank, 
floors  in  bleacheries,  dye-works,  print-works,  and  the  like,  in  which  the  floors 
quickly  become  saturated  with  moisture,  artifidal-stone  floors  are  being  laid 
in  many  of  the  modem  plants. 

Sizes  and  Kinds  of  Timbers.  All  woodwork,  not  standard  construc- 
tion, in  order  to  be  slow-burning,  must  be  in  large  masses  which  present  the 
least  surface  possible  to  a  Are.  No  pieces  less  than  6  in  in  width  should  be  used 
for  the  lightest  roofs,  and  for  substantial  roofs  and  floors  much  wider  ones  are 
needed.  Timbers  should  be  of  sound,  long-leaf,  yellow  pine,  and  for  sizes  up 
to  14  by  16  in,  single  pieces  are  preferred;  or,  timbers  7  to  8  by  16  in,  are  often 
used  in  pairs  bolted  together,  without  air-spaces  between.  They  should  not 
be  painted,  varnished  or  filled  for  three  years  because  of  the  danger  of  dry  rot, 
and  for  the  same  reason^  an  air-space  should  be  left  in  the  masonry  around  the 
ends. 

Beam-Boxes,  Column-Caps,  etc.  Timbers  should  rest  on  cast-iron 
PLATES  or  BEAM-BOXES  in  the  walls  and  on  cast-iron  caps  on  the  columns.  Beam- 
boxes  are  of  value  as  they  strengthen  the  walls  when  the  floor  loads  are  heavy 
and  the  distance  between  windows  small;  they  facilitate  the  laying  of  the 
bricks  and  the  handling  of  the  beams;  and  there  is  less  danger  of  breaking  the 
bricks  in  putting  the  beams  in  place.    They  also  insure  proper  air-spaces  around 


Fig.  2.    Fkxir-timber  00  Wall-plate  Fig.  3.    Roof-timber  on  Wall-plate 

the  ends  of  the  beams.  Fig.  2  shows  a  floor-timber  resting  on  a  cast-iron  wall- 
plate  with  a  lug  for  anchoring  the  timber  to  the  wall.  Fig.  3  shows  a  roof- 
timber  resting  op  a  cast-iron  wall-plate,  an  overhanging,  open,  wooden 
cornice  and  a  wrought-iron  joist-anchor.  Fig.  4  shows  a  cast-iron  cap  and 
pintle  for  colunms,  and  dogs  for  holding  the  floor-timbers  together.  Fig.  5 
shows  a  roof- timber  resting  on  a  column-cap  cast  to  fit  the  slope  of  the  roof; 
the  timbers  are  held  together  by  i-in  wrought-iron  dogs.  These  diagrams  arc 
intended  only  as  general  illustrations  of  slow-burning  or  mill-construction. 
The  details  should  always  be  adapted  to  the  spedafl  conditions  of  the  site  and 
to  the  purposes  for  which  the  buildings  are  used. 

Columns  of  yellow  pine  should  be  bored  through  the  axis,  making  a  xH-in- 
diameter  hole,  and  should  have  %-in  lateral  vent-holes  near  the  top  and  bottom. 
The  ends  should  be  carefully  squared.    To  prevent  dry-rot,  wooden  columns 
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sbouM  not  be  painted  until  they  are  tboxoughly  seasoned.  They  should  be  set 
on  PINTLES  which  may  be  cast  in  one  piece  with  the  cap,  or  separately.  Ca»t- 
IRON  COLUMNS  are  preferred  by  some  engineers,  and  when  a  building  is  equipped 
with  automatic  sprinklers,  such  columns  have  proved  satisfactory;   but  they 
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Fig.  4.    Post-cap  and  Pintle  for  Floor-timber  and      Fig.  5.    Roof-timbers  on  Column- 
Columns  cap 

are  not  as  fire-resisting  as  wooden  columns.  Wrougrt-ieon  or  steel  columns 
should  not  be  used  unless  encased  with  at  least  3  in  of  hreproohng. 

Windows  should  be  placed  as  high  and  made  as  wide  as  possible  to  obtain  the 
greatest  amount  of  light,  and  the  use  of  kibbed  glass  is  recommended  for  the 
upper  sashes. 

Weight,  Deflection  and  Vibration.  In  computing  the  size  of  the  timbers 
as  a  ratio  to  the  working-loadt  consideration  must  be  given  not  only  to  the  weights 
which  are  to  be  carried,  but  also  to  the  CEAaACTER  of  the  machinery  which  is 
to  be  operated  on  the  floors.  Beams  of  sufficient  strength  to  support  the  weights 
may  vibrate  or  deflect  under  the  weight  and  action  of  the  machinery;  and  there 
are,  therefore,  three  factors,  weight,  deflection  and  vtbratiom,  which  must 
be  considered  in  determining  the  width  and  depth  of  the  beams  that  are  to 
be  used  in  the  structure. . 

Objectionable  Types  of  Construction.  "We  do  not  approve  what  has 
been  sometimes  miscalled  mill-construction,  that  is,  longitudinal  girders 
resting  upon  posts  and  supporting  floor-beams  spaced  4  ft,  more  or  less,  on 
centers.  This  mode  of  construction  not  only  adds  to  the  quantity  of  wood 
used,  but  the  disposal  of  the  timbers  obstructs  the  action  of  the  sprinklers,  pre- 
vents the  sweeping  of  a  hose-stream  from  one  side  of  the  raiH  to  the  other,  and 
the  girders  also  obstruct  the  most  important  light,  that  from  the  top  of  the 
windows. " 

Timber,  VentUation,  Painting,  etc.  Timbers,  unless  known  to  be  thor- 
oughly seasoned,  skould  not  be  encased  in  any  kind  of  air-proof  plasteriog  nor 
painted  with  oil-paints;  white-wash,  calcimine  and  water-paiots  may  be  used, 
as  they  are  porous.  As  a  rule,  timbers  should  be  lift  unprotected,  since  a 
fire  which  will  seriously  impair  and  destroy  heavy  timbers  will  already  have 
done  its  work  upon  other  parts  of  the  structure. 

Single  and'Compotind  Beams.  While,  in  general,  single  beams  should  be 
used,  in  some  instances  it  may  be  desirable  to  substitute  compound  beams, 
made  by  fastening  two  or  more  beams  or  thick  planks  side  by  side.  It  is  oftea 
oiser  to  obtain  well-seasoaed  lumber  in  small  dimensions.  Such  compound 
beams  should  be  tightly  bolted  together  without  air-spaces,  and  owing  to  the 
danger  of  dxy-rot,  should  not  be  painted  or  varnished  for  three  years. 
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Steam-Pipes.  If  a  mill  is  to  be  heated  by  conveying  steam  through  pipes, 
such  pipes  should  be  hung  overhead. 

Cornices.  Wherever  buildings  are  exposed  or  are  liable  to  be  exposed  to 
fire  in  the  near  future,  the  cornices  should  be  of  non-combustible  construction  or, 
preferably,  the  walls  should  extend  above  the  roof-timbers. 

Glass,  Frames  and  Shutters.  All  openings  in  walls  should  be  protected 
either  by  approved  wire-glass  in  approved,  metal  frames  or  by  standard  fire- 
shutters. 

S.  Belts,  Stairways  and  Elevator-Towers 

Continuous  Floors.  One  of  the  most  important  features  of  slow-burnt  nc 
^CONSTRUCTION  is  to  make  each  and  every  floor  continuous  from  wall  to  wall. 


s 


avoiding,  as  far  as  possible,  holes  for  belts,  stairwajrs,  or  elevators  so  that  a 
fire  may  be  confined  to  the  story  in  which  it  starts.  No  well-informed  mill- 
owner,  engineer  or  builder  will,  therefore,  fail  to  locate  elevators,  stairs,  and 
main  belts,  in  bbick  towebs  or  in  sections  df  the  building  cut  off  from  all  rooms 
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by  incombustible  walls.  All  openings  in  these  walls  should  be  protected  by 
STANDARD  FIRE-DOORS,  preferably  self-closing.  In  modem  practice  all  belts 
and  ropes  which  may  be  used  for  the  transmission  of  power  to  the  various  rooms, 
are  placed  in  incombustible  vertical  belt-chambers,  from  which  the  power 
b  transmitted  by  shafts  through  the  walls  into  the  several  rooms  of  the  factory. 
There  should  be  no  unprotected  openings  in  the  inner  walls  of  this  belt- 
chamber. 

Shafts  above  Roof.  Skylights.  All  shafts  for  stairs,  elevators, 
belts,  etc.,  should  extend  at  least  36  in  above  the  roof,  and  all  such  shafts 
should  be,  if  possible,  on  the  outside  of  the  building.  Elevator  and  belt-shafts 
should  be  covered  with  thin  glass  skylights  in  metal  frames,  protected  under- 
neath with  wire  netting.  Figs.  6  and  7  illustrate  a  section  and  plan  of  a  cotton- 
MILL,  showing  elevator,  stair  and  belt-shafts  arranged  on  the  above  principle. 
Closets  should  be  in  a  separate  tower  rather  than  in  manufacturing  rooms. 

The  Boiler-Plant  should  be  in  a  separate  building  cut  off  from  the  engine- 
room  by  a  brick  wall,  and  the  openings  in  this  wall  should  be  protected  by  auto- 
matic, SLIDING,  STANDARD  FIRE-DOORS. 

f.  Standard  Storahouse-Construction 

Rzampie  of  Storehouse-Construction.    Fig.  8  shows  a  cross-section  through 
the  fire-tower  and  Fig.  9  the  first-story  plan,  including  the  elevator  and  stair- 
tower  of  a  four-story 
storehouse. 

Area.  Buildings 
for  this  purpose* 
should  not,  in  gen- 
eral, exceed  5  000  sq 
ft  in  AREA.  When 
used,  however,  for 
storage  of  non-hazr 
ardous  goods,  the 
area  may  be  in- 
creased to  10  000  sq 
ft 

Height  of  Stories,  pj^  g  Four-story  Storehouse.  Section  through  Fire-tower 
In   storehouses,    the 

stories  should  be  made  low  enough  (Fig.  10)  to  prevent  overloading,  and  when 
designed  for  case-goods,  the  height  of  stories  should  be  sufficient  to  take  two 
cases,  with  a  12-in,  clear  space  under  the  beams  to  allow  for  the  distribution  of 
water  from  the  sprinklers. 

Fire-WaUs.  For  convenience,  as  well  as  to  separate  the  different  hazards  of 
raw  materials  and  finished  goods,  the  building  should  be  divided  into  sections 
by  FIRE-WALLS  extending  at  least  36  in  above  the  roof. 

One-Story  Storehouses.  A  one-story  storehouse  is  recommended  in 
preference  to  the  design  just  described,  whenever  there  is  a  sufficient  quantity 
of  level  land  at  disposal  for  this  purpose.  The  one-story  building  is  cheaper, 
more  convenient,  and,  when  separated  into  small  divisions  by  fire-walls,  repre- 
sents the  safest  method  of  storehouse-construction. 

Timbers  and  Framing.  The  floor-timbers  and  roof-timbers  should  be 
of  long-leaf  yellow  pine,  in  single  pieces,  if  possible.  If  necessary  to  use  double 
beams,  they  should  be  bolted  together  without  air-spaces  between  them.    Tim- 
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bers  shotikl  rest  on  cast-iron  plates  or  beam-boxes  m  the  walls,  and  on  cast-iron 
caps  on  the  columns.  At  least  ^-in  air-spaces  should  be  left  around  all  beams 
built  bto  the  masoniy,  allowing  free  ventilation  and  preventing  diy  rot.    Col- 


Fig.  9.    Four-story  Storehouse.    First-fttoiy  Plaa 

UMNS  of  yellow  pine  should  have  their  end-surfaces  cut  square  with  the  column- 
axis.  <  !  J        • 

Floors.    The  floors  of  such  buildings  should  be  continuous,  without  open- 
ings, and  of  the  standard  slow-burning  construction,  described  under  Sxandako 


Rg.  10. 


tSOMCTftNTvimf 

Four-stoiy  Storehouse. 


IsometncVlew 


MiLt-CoNSTttucnoN.  The  flooring  should  be  constructed  as  called  for  under 
STANDARn  MiLL-CoNSTRUcnoN.  In  order  that  the  floors  may  be  as  nearly 
water-proof  as  possible,  tarred  paper,  mopped  with  tar,  should  be  applied,  as 
previously  suggested.  The  floors  in  each  story  of  the  tower  should  be  at  least 
I  in  lower  than  the  floor  in  the  adjoining  compartment,  and  the  sills  of  the  door> 
openings  to  the  tower  should  be  inclined  to  make  up  the  difference  m  levels. 
The  sill,  also,  of  the  outside  door  of  the  tower  should  be  lower  than  the  tower* 
floor. 
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ScsFpert*  Water  on  the  fldors  of  the  tower  will  ordinarily  flow  down  the 
toyrer-stairs,  and  the  arran«einent  of  the  floor-levels  indicated  above  will  ordi* 
narily  prevent  water  from  an  upper  story  from  flowing  into  one  of  the  lower 
compartments,  if  it  is  escaping  through  the  tower.  Cast-iron  scuppers  are 
advised,  and  they  should  be  set  in  the  brickwork  at  frequent  intervals,  and  so 
deagned  that  they  will  carry  away  rapidly  a  maximum  quantity  of  water  from 
the  floors  of  each  compartment.  To  further  the  drainage  of  water,  the  floors 
should  be  inclined  from  the  middle  of  the  compartments  to  the  scuppers.  Fig. 
11  shows  the  wind-shielo  scupper'^  which  embodies  the  latest  improvements. 


VERTICAL  SECTION 
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Fig.  11.    Detaa  of  Wind-shield  Scupper 

In  the  old-style  scupper  only  one  flap  is  provided  on  the  outside  of  the  building* 
During  winter  and  windy  weather,  this  flap  blows  open  and  sometimes  freeses 
open.  This  results  in  a  continuous  draft  through  the  scupper  and  over  the 
working  floor  of  the  factory  or  warehouse  and  necessitates  an  increase  in  the 
amount  of  heat  furnished.  The  scupper  shown  in  Fig.  1 1  corrects  this  condi- 
tion by  providing  the  tight  wind-shield  on  the  floor-level  of  the  scupper.  When 
the  outer  flap  blows  open  the  wind-shield  shuts  off  the  draft  from  the  outside. 
This  scupper,  in  addition,  acts  as  a  fire-retardant  when  an  adjoining  building 
i>  buraidg*  and  when  there  is  a  tendency  for  the  flames  to  communicate  through 
fea  opcD  scupper  and  ignite  merchandise  on  the  floor.  The  wind-shield,  by 
shutting  off  the  drafts  and  Are,  acts  as  a  retardant  or  shield  to  keep  out  the 


*  Manufaetored  by  the  Wbd-Shidd  Scupper  Company,  x  Madison  Avenue,  New 
Yoik  City. 
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8.  Saw-Tooth  Roof-Coiistniction* 

The  Great  Advantaget  and  the  increasing  use  of  saw-tooth  roof-construc- 
tion, and  the  lade  of  famitiarity  with  it  at  many  factories,  make  it  destiable  to 
outline  important  features. 

Two  Typical  Derigns  are  illustrated,  Fig.  16,  a  textile  weave-shed  with 
a  good  basement  for  the  shafting  for  driving  the  looms  on  the  main  floor  above, 
thus  dispensing  with  the  overhead  shafting  and  belting  in  the  weave-room; 
and  Fig.  17,  a  design  for  a  light  machine-shop  or  foundry.  Other  designs, 
using  light  wooden  trusses  or  reinforced-concrete  walls,  are  applicable. 

Roof-Typo*  It  may  be  well  to  state  here  that  while  light  roofs  with  2-ih 
and  3-in  joists  and  with  light  boards  should  never  be  used,  and  while  the  prin- 
ciples of  SLOW-BURNING  or  MILL-CONSTRUCTION,  with  its  heavy  timbers,  are 
preferred,  the  increasing  difficulty  of  promptly  obtaining  yellow-pine  lumber  of 
good  dimensions,  and  its  increasing  cost,  often  necessitate  the  use  of  trusses 
and  rather  light  timbers;  but  in  no  case  should  these  timbers  be  less  than  6  in 
in  width  nor  of  insufficient  depth  to  carry  the  load.  This,  also,  is  in  order 
that  they  may  be  slow-burning.  The  roofs  in  all  cases  should  be  constructed 
of  planks  and  have  wide  bays. 

Steel  Roof -Trasses.  The  adaptability  of  the  light  forms  of  steel  por 
FRAMING  trusses,  especially  when  wide  spans  are  needed,  often  compels  their 
use;  and  in  plants  having  a  safe  occupancy,  such  as  that  of  metal-workers,  steel 
triLsses  are  not  objectionable,  providing  adequate  sprinkler-protection  with  a 
good  water-supply  is  available  to  prevent  quick  failure  of  the  steel  work,  due 
to  heat  from  the  combustion  of  the  contents  of  the  building  or  from  the  burning 
of  the  roof.  Similar  protection  is,  of  course,  needed  in  shops  with  wooden 
trusses,  if  disastrous  fires  are  to  be  prevented;  but  experience  has  shown  that 
the  steel-trussed  roof  will  fail  much  more  rapidly  than  one  of  wood  under 
similar  conditions. 

Wooden  versus  Steel  Columns.  Wooden  posts  are  nearly  aHrays  avail- 
able and  should  be  given  preference;  but  if  light  steel  columns  are  necessary 
they  should  be  well  protected  by  insulating  materials  if  they  are  in  rooms  con- 
taining combustibles,  as  the  column  is  the  vital  part  of  the  roof -support. 

Advantages  of  Saw-Tooth  Roofs  may  be  outlined  as  follows: 

(i)  Uniform  Diffusion  of  Light  throughout  the  room,  thus  making  all 
space  in  it  av&ilable.  With  all  interior  surfaces  painted  white  and  with  ribbed 
glass  in  the  sashes,  the  diffusion  of  light  is  almost  perfect. 

(2)  Better  and  Cheaper  Lighting.  Greater  adaptability  for  lighting 
large  floor-areas  in  wide  buildings  with  low  head -room  when  compared  with 
what  is  necessary  in  wide  buildings  with  the  ordinary  form  of  monitor-skylights. 
Saw-tooth  roofs  furnish  the  true  solution  of  the  problem  of  excluding  the  direct 
rays  of  the  sun  and  obtaining  the  veo'  desirable  north  light.  They  result  in 
gteater  economy  in  LicnTiNO,  as  they  lower  the  fixed  charges  due  to  the  smaller 
number  of  hours  per  day  during  which  artificial  light  is  necessary. 

(3)  Better  Working-Conditions,  especially  in  textile-mills,  thereby  increas- 
ing production  and  encouraging  permanency  of  employees. 

(4)  Special  Adaptability  to  many  Industries.  The  saw-tooth  form  is 
especially  adapted  to  weaving  and  similar  processes  in  textile-factories,  to  ma- 
chine-shops, foundries  doing  light  work,  and  similar  processes,  such  as  assem* 

*  Taken  and  adapted  by  permission  from  the  Boston  Manufacturen'  Mutual  Iniur- 
BDoe  Company's  specifications  for  the  construction  of  saw-tooth  rools. 
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bliag  and  drafting,  and  to  some  dye-houses  where  careful  matdiing  of  oobrs  is 
necessary. 

Diaadvantages  of  Saw-Tooth  Roofa.  While  the  testimony  of  those  who 
have  had  experience  with  saw-tooth  roops  is  almost  uniformly  favorable, 
some  difficulties  have  been  experienced,  practically  all  of  which  may  be  summed 
up  as  due  to  either  faulty  design  or  poor  workmanship.  The  difficulties  in 
genacal  af  e  caused  by 

(i)  Laaks,  due  to  severe  conditions  during  winter  in  our  northern  climates. 

(3)  Poor  VentiUtion. 

(3)  Ezceaaive  Heat  when  roofs  are  thin. 

(4)  Ezcaaaive  Condenaation  on  the  underside  of  roof  and  glass  when  the 
temperature  outside  is  low  and  there  is  considerable  moisture  in  the  rooms. 

ApproTed  Mathoda  of  Coaatiiictlo&.  The  following  suggestions  show  how 
the  difficulties  mentioned  may  be  obviated  if  the  appkoved  methods  are  applied 
to  special  cases  by  competent  engineers  or  architects.  What  is  good  engineer- 
ing from  the  view-point  of  the  manufacturer  can  also  be  good  f iee-protection 
ENGiNEEXiNG,  and  any  design  should  be  adapted  to  both  if  the  best  interests 
of  the  manufacturer  are  to  be  served: 

(x)  Diffuaed  Indirect  Stinlighi,  As  it  is  desirable  to  avoid  direct  sun- 
light and  at  the  same  time  obtain  an  abundance  of  light,  perfectly  diffused, 
the  saw-teeth  should  face  approximately  north  and  the  glass  should  be  inclined 
to  the  vertical  to  take  advantage  of  the  brighter  light  in  the  upper  sky  and  to 
prevent  cutting  off  the  light  by  the  saw-tooth  immediately  in  front;  and,  above 
all,  to  assure  the  DinrusiON  of  the  light  over  the  floor  rather  than  on  the  imder 
side  of  the  roof-planking. 

(2)  Ani^a  of  Olaaa.  For  the  glass  an  angle  of  from  20**  to  25**  from  the 
vertical  and  an  angle  of  approximately  90^  at  the  top  of  the  saw-tooth  will  be 
about  right,  the  variations  depending  upon  the  amount  of  light  required  and  the 
latitude.  A  sharper  angle  at  the  top  is  not  needed,  as  it  increases  the  cost,  and 
makes  more  roof  to  be  covered  and  larger  spans;  more  glass,  also,  is  required 
in  proportion,*  and  the  light  is  not  as  good,  as  more  light  from  the  sky  is  lost 
and  too  much  light  is  thrown  on  the  under  side  of  the  roof. 

(3)  Glazing-Betalla.  Dottble  glazing  with  a  space  left  between  the 
Kghts  of  glass  Is  preferred  on  account  of  its  conducting  qualities;  but  it  is  not 
always  necessary,  except  in  the  more  northerly  countries.  The  inside  glazing 
should  be  done  with  factory-ribbed  glass,  set  with  the  ribs  vertical  and  fadng 
in.    Shadows  cast  by  trusses  are  then  almost  unnoticeable. 

(4)  Gutters  and  Conductors.  Condensation-cutters  are  needed  inside, 
at  the  bottom  of  the  sashes,  and  they  should  be  drained  through  insipe  con- 
ductors and  not  to  the  outside  under  the  bottom  of  the  sashes,  as  they  latter 
admit  cold  air  and  are  liable  to  freeze. 

is)  VaUaya  between  the  saw-teeth  should  be  flat,  from  14  in  to  2  ft  in  width 
and  pitched  %  in  per  ft  towards  the  conductors,  which  should  be  of  ample  si;ce, 
and  not  much  over  50  ft  apart,  and  prefaably  less.  The  necessary  pitch  may 
be  obtained  by  crosa-pieces  of  varying  heights  set  on  top  of  the  trusses,  and  thua 
avoiding  hollow  spaces. 

(6)  Praraiitioii  of  Leaka.  Leaks,  which  are  common  faults,  may  ordL* 
narll^  be  prevented  by  a  careful  design  of  the  gutters,  valleys  and  sashes,  and  by 
insisting  on  good  workmanship  and  materials.  The  roof-covering  of  asphalt 
or  pitch  shouki  be  continuous  through  the  valleys  and  extend  <^p  to  the  glass. 
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One  form  of  construction  understood  to  have  been  very  satisfactory  is  shown  in 
Fig.  18  and  in  connection  with  it,  reference  should  be  made  to  the  papers  and 
discussion  on  Saw-Tooth  Roofs  in  Trans.  Am.  Soc.  M.  E.,  1907,  vol.  28,  which 
contain  much  of  value. 

(7)  Wanning  and  Ventilation.  Experience  has  demonstrated  the  advan- 
tage of  a  combination  of  direct  radiation  with  a  pan  suffident  only  for  vein- 
TiLATiON  and  TEMPERING  the  heat  of  the  room.  Heating-pipes  should  usually 
be  placed  overhead  and  directly  under  the  front  of  the  saw-teeth,  and  run  the 

entire  length,  and  in 
this  position  assist  in 
preventing  condensa- 
tion. Where  there  is 
no  moving  shafting, 
some  forced  circula- 
r  tion  is  necessary,  and 
it  is  best  obtained  by 
^r  a  fan,  which  drives 

the  air  from  either  a 
dry  basement  or  from 
outside  as  may  be 
required,  and  dis- 
charges it  over  heat- 
ing-coils to  the  story 
above.  In  weaving 
and  similar  rooms 
this  is  especially 
necessary  and  advan- 
tageous in  promoting 
the  health  and  com- 
fort of  the  employees. 
Fig.  18.    Detail  of  Valley  of  Saw-tooth  Roof  and  in  making  their 

w  o  r  k  i  n  g-effidency 
greater.  Ventilation  and  cooling  of  these  large  areas  with  comparatively  low 
stories  must  not  be  neglected.  Ample  vents  are  needed  at  the  top  in  the 
form  of  large  metal  ventilators  with  double  walls  and  tight  dampers.  They 
are  recommended  in  place  of  pivoted  or  swinging  sash,  which  are  apt  to  leak, 
in  driving  storms,  and  when  open,  allow  dirt  to  blow  in  from  the  roof. 
Good  windows  are  advised  in  side  walls  and  experience  has  shown  their  value. 

(8)  Details  of  Framing  and  Conatmction.  The  roAiaNO  of  the  saw- 
teeth may  be  of  timber,  steel  or  reinforced  concrete.  The  design  should  be 
such  as  will  obstruct  the  light  as  little  as  possible,  strong  enough  to  hold  wet 
snow  without  sagging,  and  stifiF  enough  to  carry  shafting  motors,  etc.,  when 
they  afe  to  be  overhead.  When  wood  or  steel  is  used  the  roof-planking 
should  be  3  in  or  more  in  thickness  spanning  bays  from  8  to  10  ft  in  width. 
Hollow  spaces  in  roofs  should  not  be  permitted.  They  are  veiy  undesir- 
able from  a  fire-standpoint,  and  any  condensation  which  may  take  place  in 
them  during  cold  weather  soon  rots  both  planks  and  sheathing.  Sheathing, 
even  without  spaces  behind  it,  is  a  more  or  less  objectionable  feature,  as  it  is 
readily  combustible;  but  if  it  is  used  it  should  be  applied  directly  to  the  under 
side  of  the  roof-planks,  with  only  a  layer  of  some  insulating  material  between,  so 
that  there  will  be  no  concealed  spaces.  If  3-in  planks  are  suffident  for  a  flat 
roof,  they  should  be.  also,  for  a  saw-tooth  roof;  and  with  a  good  circulation 
of  air  there  should  be  no  trouble,  except  in  wet  rooms.    In  such  rooms  there  ii 
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bound  to  be  condeosationt  whether  they  are  under  a  roof  or  under  the  floor 
of  a  loom  above,  unless  large  quantities  of  dry  air  are  discharged  into  them. 

(9)  Cost.  Saw-tooth  roofs  necessarily  cost  more  than  plat  roots,  as 
there  b  practically  the  same  amount  of  roofing  as  in  flat  roofs  and,  in  addition, 
the  cost  of  windows,  glazing,  flashing,  conductors,  condensation-gutten  for 
skylights,  and  a  somewhat  larger  cost  for  heating.  The  additional  cost  of  these 
items  does  not,  however,  fairly  represent  the  comparative  cost,  as  there  should 
be  considered  the  total  cost  of  the  building  compared  with  that  of  an  ordinary 
one  with  sufficiently  high  stories  and  with  a  width  narrow  enough  to  give  the 
required  light.  When  this  is  done  the  slight  additional  cost  is  far  outweighed 
by  the  advantages  gained  for  work  requiring  very  good  light. 

9.  MiU-Conatruction  aa  Apiilied  to  Warehouses 

Coat.  Owing  to  the  increasing  cost  of  heavy  timbers  for  wooden  construe^ 
tion,  to  the  lower  cost  of  the  so<alled  fire -proof  construction,  and  abo  to  the 
better  fire-resisting  qualities  of  the  latter,  owners,  architects  and  builders 
should  carefidly  compare  the  cost  of  construction,  and  also  the  cost  of  insur- 
ance of  the  two  types,  before  deciding  on  the  one  to  be  used.  The  difference  in 
the  cost  of  construction  between  these  two  tyiies  is  so  small,  that  in  many  local- 
ities the  lower  cost  will  be  in  favor  of  the  reinforced  concrete  or  other  type 
of  fire-proof  construction.  The  cost  of  construction  is  also  in  favor  of  the 
fire-froof  type,  where  both  bng  spans  and  strength  are  required. 

Timber-Spacing  for  SprinUors.  Warehouses  of  mill-construction 
should  be  built  so  as  to  allow  the  best  possible  distribution  of  water  from  auto- 
matic sprinklers,  with  the  least  possible  obstructions,  and  floor-timbers, 
therefore,  should  be  as  few  as  the  floor-loads  will  allow.  There  should  be  no 
concealed  spaces  of  any  kind  in  the  building.  To  insure  the  greatest  efficiency 
for  sprinkler-systems,  it  is  better  to  adapt  the  timber-spacing  to  suit  the  sprink- 
lers, rather  than  to  arrange  the  sprinklers  to  suit  the  timber-spacing. 

MiU-Conatniction  Adapted  to  Warehouses.  The  features  of  bad  con- 
struction mentioned  under  What  Mill-Construction  is  Not  are  as  objec- 
tionable in  warehouses  as  in  factories,  while  the  construction  advocated  for 
mills  may  be  used  with  almost  equal  advantage  in  the  erection  of  warehouses. 
But  as  the  latter  are  usually  erected  in  the  more  thickly  settled  portions  of  a 
dty,  they  &!%  more  subject  to  the  dangers  of  a  conflagration;  and  it  should  be 
understood  that  even  the  best  slow-burning  construction  will  stand  but  a 
short  time  after  a  Are  has  obtained  a  good  headway,  the  main  object  of  mill* 
construction  being  to  retard  the  spreading  of  Are  by  the  use  of  heavy  timbers 
and  the  absence  of  concealed  spaces.  In  appl3dng  the  principles  of  mill- 
cONSTRUcnoN  to  warchouscs,  therefore,  the  general  principle  of  using  large 
timbers  placed  as  far  apart  as  the  loads  will  permit,  and  of  avoiding  all  concealed 
spaces,  should  be  constantly  kept  in  mind. 

Warehouse-Floors,  however,  are  generally  required  to  sustain  heavier  loads 
than  are  found  in  woolen  and  cotton-mills,  and  hence  require  heavier  con- 
struction. While  warehouse-floors  are  quite  often  built  with  transverse 
girders,  8  or  10  ft  apart,  the  spaces  being  spanned  by  flooring  from  4  to  6  in  thick, 
the  more  common  method  of  construction  is  to  use  one  or  more  lines  of  longitu- 
dinal girders  supporting  floor-beams  spaced  as  far  apart  as  possible,  preferably 
not  less  than  8  ft  on  centers. 

Area  and  Height.  The  area  of  buildings  of  this  type  should  be,  preferably, 
not  over  7  500  sq  ft,  and  in  no  case  should  it  exceed  15  000  sq  ft  between  fire-waUs. 
If  buildiiigs  ol  LASOE  area  are  required,  it  is  advisable  to  divide  them  into 
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iQMnittf  sections  by  fire-walls,  thus  reducing  the  liability  to  ode  fire,  and  afoid- 
ing  an  opportunity  of  storing  hazardous  goods  in  one  or  more  sections,  and 
noa-hazardous  or  less  hazardous  goods  in  the  remaining  sections.  Where 
ground  is  available,  it  b  better  to  have  a  building  of  large  area  and  lowek 
HEIGBT  divided  into  fire-sectioos,  than  to  have  a  building  of  lesser  area  ams 
GREATER  HEIGHT,  as  the  former  construction  affords  a  more  economical  handling 
of  goods,  and  leas  concentration  of  values.  Buildings  of  this  type  should  be 
limited  to  65  ft  in  height,  and  to  six  stories,  thus  discouraging  the  overloading 
of  floors.  Piled  good^  should  be  kept  at  least  18  in  away  from  beams,  thus 
allowing  for  the  distribution  of  water  from  the  sprinklers. 

Walls  should  be  of  brick,  and  not  less  than  13  !n  thick  in  the  upper  story, 
and  they  should  be  increased  in  thickness  on  the  lower  floors  to  take  care  of 
additional  loads.  Partt  walls  should  be  mcreased  at  least  4  in  in  thickness, 
and  all  walls  shoukl  be  Uud  in  cement  mortar,  shouki  extend  above  the  roof 
at  least  36  in  and  be  coped  with  stone,  salt-glazed  terra-cotta,  or  similar  non- 
combustible  materials.  Openings  in  division  walls  should  be  limited  to  as 
few  as  possible,  not  over  three  in  each  story,  they  should  not  exceed  80  sq  f t 
each  in  area,  and  should  be  protected  by  double,  automatic,  sliding  fire-doors, 
as  specified  elsewhere.     (See  Chapter  XXIII,  page  907.) 


sou  f«iia  JBorc'irruui. 


Ifoto:  Walk  of  brick  or  oCberappnyvwI  in*t«rf»l,  biiilt  aoliaiy 
from  foand«ltoDa  to  at  Ie«at  96  iiieha*  abov«  root. 
StaiJt-ti>Mdi^  etc,  of  tee- proof  nuktorUL 

Fig,  19.    Tower  Fire-eicape.    Oatsidc-bakooy  EntiaxKe 


Openingt  in  Walls.  As  a  protection  against  fires  from  surrounding  prop- 
erties, OPEJitNGS  IN  OUTER  WALLS  should  be  small,  Ihnited  to  as  few  as  possible, 
and  protected  by  standard  fire-shutters  and  doors,  or  standard  wire-glass 
windows.  If  the  surrounding  buildings  are  of  hazardous  occupancy  or  inferior 
constmctkm,  and  the  distance  between  the  warehouse  and  the  latter  but  a  few 
feet,  shutten  are  preferable,  as  wire-gbss  windows  are  recommendad  only 
where  the  exposures  are  moderate.    Even  though  the  building  k  not  exposed 
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to  five  from  otkier  buildiagBy  the  protectiott  of  wniDOw-aPSNmos-miy  prevent 
the  apeeid  of  fat  itom  story  to  stozy  through  the  windows. 

Qirden  and  Beama  which  stipport  the  fioors  and  itx>f  should  be  singus 
PIECES,  not  less  than  6  in  in  least  dimension,  and  with  a  sectional  area  of  not 
Ini  than  72  sq  in;  while  colunms  should  be  not  less  than  8  by  8  ia  in  cross- 
acctioa  in  the  upper  story,  and  should  be  increased  in  size  in  the  other  stories 
to  take  care  of  any  additional  loads.  The  beams  and  girders  shoold  be  selt- 
SELEASiNO  (Fig.  2),  and  the  floors  should  be  built  as  outlined  under  standard 
iCLL-coNSTKUcnoN,  page  760,  inclined  at  least  i  in  in'  20  ft,  made  as  nearly 
watac-pmof  as  pofisibLe,  and  scuppered  to  the  outaida  of  the  buil(£ng.  These 
sciq>pers  should  be  set  in  brick-work  at  frequent  intervals,  of  sufficient  size  to 
cany  oS  the  maximum  amount  of  water  from  each  floor,  and  so  constructed 
that  they  will  prevent  the  admission  of  cdd  air  to  the  buUding.    (See  Fig.  11.) 

Towara.  The  floors  should  be  continuous  from  wall  to  wall,  avoiding  holes 
for  belts,  stairwasrs,  elevators,  etc.  All  such  openings  should  be  enclosed  hi  a 
BtfcK  TOWEa  or  in  toweks  extending  not  less  than  36  in  above  the  roof,  coped 
as  above;  and  accessible  from  each  story  by  means  of  an  outside  balcony  (Fig.  19). 


Interior  of  ||    gtair-tower 
Building     ^    . 

L 


Openings  in  faca-wall  extend 
'      from  floor  to  ceUing,  Yestibale-floor 
of  flr»'proof  conatriMtiaii,  XUlQnff  mt 

Fig.  20.    Tower  Fire-escape  for  Adjoining  Buildings 

Where  It  Is  nnpossible,  owing  to  the  location  or  otherwise,  to  have  these  open- 
ings <m  the  outside,  they  should  be  placed  in  aaiCK  towers  constructed  inside 
tba  building  and  connecting  with  an  entrance  to  a  fire-ptoof  vestibule,  open  to 
ttae  weather.  Thaw  should  be  openings  from  each  story  to  the  vestibule,  each 
peoCacted  by  standard  fire-doors  (Fig.  20). 

Gratity'^aiika  for  Automatic  Sprfaddara  are  usually  placed  on  extensions 
of  such  towers,  and  they  should  be  bm'lt  to  carry  the  additional  load  imposed. 
liasy  access  to  the  roof  of  the  building  may  be  had  from  a  window  or  windows 
placed  in  the  tower,  and  such  opening  or  openings  should  be  protected  by  fire- 
rfratters,  especial^  where  the  tower  is  elevated  a  sufficient  distance  to  allow 
the  Unk  to  be  placed  inside  of  the  tower,  thus  preventing  flames  from  gaining 
( to  the  tower  and  destroying  the  tank  and  tank-supports^ 
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Boilers  should  be,  preferably,  in  a  separate  building,  cut  off  by  standard! 
fire-doors  from  the  warehouse;  or,  if  in  the  main  building,  should  be  located  inj 
a  room  of  fire-proof  construction,  access  to  which  should  be  from  outsidei 
the  building  only. 

Structural  Steel  Members  should  never  be  used  in  this  type  of  construction, 
as  they  will  not  resist  even  a  moderate  fire.  If  used,  they  should  be  protected 
with  fire-proof  material.  The  lintels  should  be  brick  arches  and  not  steel 
sections. 

If.  Steel  and  Iron  Structural  Members  in  Warehouse-Construction 

Metal  versus  Wooden  Standard  Members.  Owing  to  the  fact  that  a 
beam  or  column  of  steel  or  wrought  iron  when  heated  will  fail  by  buckling 
or  bending  very  much  sooner  than  an  equivalent  beam  or  post  of  wood,  it  is 
important  that  such  members  be  of  wood,  provided  that  the  wooden  beams 
have  a  sectional  area  of  at  least  72  sq  in,  and  are  not  less  than  6  in  in  least  dimen- 
sion, and  that  wooden  columns  have  a  sectional  area  of  not  less  than  8  by  8  in. 
Cast-iron  columns,  also,  will  generally  fail  in  fire  and  water  sooner  than 
wooden  columns. 

Fireproofing  Steel  Beams  and  Girders.  When  steel  beams  and  col- 
umns are  used,  fireproofing  is  necessary  to  make  them  as  fire-resisting  as 
^^_^_^_^  the  floors.     Such  beams 

'         't'  ^      '  '  and  girders  may  be  fire- 

■  _— ^_^_     proofed  as  shown  in  Fig. 


21.      Metal- wire     mesb 
should     be     placed     &<> 
"*"  shown,  and  tied  to  the 

beams  and  girders  with 
metal  clips;  and  to 
insure  rigidity  during  the 
pouring  of  the  concrete 
and  to  keep  the  mesh  in 
alignment,  forms  should 
be  used.  The  concrete 
should  be  poured  before 

Fig.  21.    Fireproofing  of  Steel  Beam  with  Concrete  and    ^^®  ^^^  "^  ^^^*  ^^^ 
Plaster  after  the  wooden  beams 

are  in  position.  After 
completion,  the  insulation  should  be  at  least  1  in  at  the  edges  of  the 
flanges,  2  in  under  the  lower  flange  of  the  beam  and  3  in  under  the  lower  flange 
of  the  girder.  The  webs  should  be  filled  solid.  Where  there  is  little  storage 
of  a  combustible  nature  in  the  building,  the  beams  may  be  protected  as  shown 
in  Fig.  22.     (See,  also,  pages  863  to  866.) 

Fireproofing  Metal  Columns.  Columns,  either  steel,  wrought-iron, 
or  cast-iron,  should  be  protected  even  to  a  greater  extent  than  girders  and  beams, 
and  should  have  at  least  3  in  of  concrelje  at  the  flanges,  at  least  xVi  in  at  the 
edges,  and  be  filled  solidly  against  the  webs.  Fig.  23  shows  two  columns  protected 
by  concrete  held  by  wire  mesh  on  %-'m  rods,  and  all  securely  held  to  the  column 
by  metal  clips.  Forms  should  be  used  and  the  concrete  should  be  poured  as 
the  girders  and  beams  are  protected.  Steel  beams,  girders  and  columns  are 
difficult  to  protect,  especially  at  the  intersections  of  steel  and  wood,  and  thb 
insulating  material  can  best  be  applied  before  the  floors  are  laid.  The  fire- 
proofing of  these  members  will  be  of  little  avail,  unless  the  materials  are  good, 
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wen  tied  to  the  metal  members,  and  applied  by  workmen  who  understand  such 
work. 
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Fig.  22.    Fireproofing  of  Steel  Beam  with  Metal-lath  and  Plaster 


Pat-CUmi 


Concrete 
Protaciioi 


Fig.  23.    Fireproofing  of  Steel  Columns  with  Concrete  and  Plaster 

Fig.  24  illustrates  the  protection  of  a  round  co'.umn  by  reinforced  concrete. 
Here  the  concrete  is  held  in  position 
by  wire  mesh  on  metal  furring,  held 
in  position  by  metal  clips  or  ties. 
The  fireproofing  should  be  at  least  4 
in  thick,  and  forms  should  be  used  in 
surrotmding  the  columns.  In  addition 
to  the  above  reinforcements  for  these  . 
coliuons,  lateral  reinforcement  should 
be  added  by  means  of  iron  rods  wound 
spirally  around  mesh,  and  placed  12  in 
on  centers.  After  the  forms  are  re- 
moved, and  the  wooden  floors  are  laid, 
the  columns  and  girders  shotild  be 
finished  with  a  i-in  thickness  of  hard 
plaster,  filling  all  interstices  between  the  woodwork  and  the  insulation.    Tile, 
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owing  to  the  difficulty  of  properly  bonding  it,  is  not  as  effective  as  ooocret:^ 
but  if  securely  bonded  by  means  of  metal,  it  is  quite  satisfactory.  Fig.  t^ 
illustrates  the  protection  op  a  girder  and  a  column  by  means  of  tile.  Ther^ 
are  other  equally  efficient  methods  of  beam  and  column-protection,  describ>e<i 
in  Chapter  XXIII.    In  buildings  of  warebouse-constniction,  heavy  goods  slt^ 


4Woodll»or 


Fig.  25.    Fireproofing  of  Steel  Columns  and  Beam  with  Tik 

handled,  and  it  may  be  advisable  to  protect  the  base  of  each  column  with  sheet 
metal  to  a  height  of  36  in  above  the  floor,  to  prevent  any  weakening  of  the  fire- 
proofing.     (See,  also,  pages  822  to  827,  Figs.  1  to  13.) 

Pipes  for  Gu,  Water,  etc.,  should  not  be  enclosed  in  column  or  girder- 
insulation.     (See,  also,  page  827.) 


11.  Structural  Details  of  Mill-Construction  as  Applied  to 
Factories  and  Warehouses 

Column,  Girder  and  Joist-Framing.  Fig.  26  illustrates  the  method  of 
carrying  the  girders  from  the  walls,  posts,  etc.,  the  bottom  post  resting  on  a  steel 
post-base.  The  first  floor  above  the  basement  is  shown  with  longitudinal 
girders  only,  and  heavy  mill-flooring  set  on  them.  The  girders  are  framed  at 
the  post  in  a  steel  post-cap,  and  are  hung  clear  of  the  wall  in  an  approved 
steel  wall-hanger.  The  next  floor  above  shows  the  construction  in  which  the 
joists  are  framed  into  the  girders  by  means  of  joist-hangers.  The  framing 
at  the  post,  also,  is  done  by  means  of  a  Duplex  four- way  post-cap,  while  the 
girder  is  built  into  the  wall  in  a  Duplex  wall-box.  The  joist-hangsks  are 
used  singly  or  opposite  each  other  as  required  and  are  bolted  to  the  girder, 
thus  tying  the  building  laterally.  The  upper  floor  shows  the  joists  resting  on 
the  girder.  This  construction,  however,  does  not  conform  to  strict  mill- 
construction,  as  it  exposes  a  larger  amount  of  timber-surface.  The  girder 
is  shown  built  into  the  wall  and  resting  on  a  wall-plate.  This  dbtributes  the 
load  over  the  masonry  but  is  not  as  effective  in  preventing  dry-rot  as  the  wall- 
box  or  wall-hanger. 

Steel  and  Malleable-Iron  Post-Caps  and  Bases.    Fig.  27  illustrates  other 

details  of  construction  which  may  be  used.    The  bottom  po«t  rests  00  a  steel 

6T-BASE.    The  POST-CAP  sbowu  on  the  bottom  post  in  a  DvfiMX  vocr-way 
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nxEL  POST-CAP»  while  the  post-cap  above  it  is  one  of  the  malleable-iron  type, 
approved  by  the  National  Board  of  Fire  Underwriter!.  The  post-cap  ghowQ 
at  the  top,  also,  is  of  malleable  iron  and  intended  for  lighter  construction  or 
for  girders  which  run  across  the  post  as  shown.  The  girders  in  every  case  are 
carried  dear  of  the  wall  by  means  of  approved  v/mj^uahqemu  and  the  beams 
are  carried  by  the  girders  in  malleable-iron  joist-hangers. 


Fig.  20.    MiU-copstruction.    Column,  Girder  and  Joist-framing 

Cast-iron  Pott*C«P»  and  BM#a>  Fig-  28  illustrates  other  details  of  con- 
struction. The  lowest  post  rests  on  a  heavy,  cast-iron,  ribbed  post-base. 
The  first-story  floor-girders  are  carried  at  the  post  by  maaiii  of  heavy,  castriron 
POST^AFS  and  are  built  into  the  wall  is  caaMron  v/ajj^hokbm*  When  cast 
iron  is  used  for  post-caps  it  is  essetitial  that  it  be  made  extra-heavy,  as  cast 
ifoa  is  very  uncertain  on  account  of  the  unaveo  shrinkage  when  cooling,  which 
often  caiMs  internal  stresow  and  weakens  the  caps.    FUws,  also,  nay  deyek>9 
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during  the  manufacture  which  weaken  the  caps  and  greatly  impair  the  safety 
of  the  building.  An  objection  to  cast  iron  is  its  tendency  to  crack  and  break 
during  a  fire  when  cold  water  is  thrown  on  it.  The  post-caps  shown  in  Fig.  28 
are  of  cast  iron  for  the  first  and  second  floors,  Duplex  steel  for  the  third  floor, 
and  malleable  iron  on  the  top  post. 


iir~f~^ 


uiimnum 


Fig.  27.    Mill-cxnstnictiaiL    MaIkable4Rm  Port-cva  and  Bues 

Duplex,  ComblnAtlon  Poat-Cap.  Fig.  29  illustrates  the  use  of  the  Duplkx 
coiCBiNATiON  POST-CAP  ou  the  bottom  post.  This  cap  b  made  with  a  maUeaUe- 
iron  bwer  part  and  a  steel  upper  part.  The  post-gap  shown  on  the  second 
post  is  called  the  Ideal  post-cap  and  consists  of  a  steel  upper  part  with  sted 
angles  riveted  underneath  to  fit  the  post.    The  cap  ibow^  on  the  top  pott 
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is  the  old-style,  cast-iron  cap.    The  wall-hangek,  wall-box,  wall-plate 
and  joiST-HANGES  shown  are  used  in  standard  construction. 


Fig.  28.    Mill<oii8tniction.    Cast-iron  Poet-caps  and  Bases 

Sto«l  Pott-Capft.  Fig.  30  illustrates  various  forms  of  steel  post-caps. 
The  Ideal  post-cap  is  shown  on  the  bottom  post  and  the  Van  Dorn  post-cap  on 
the  post  next  above.  On  the  top  post  the  Star  post-cap  is  shown.  ThisL  has 
a  fin  for  which  the  top  of  the  post  must  be  slotted  to  receive  it.^  Steel  joist- 
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BAKOCS9  are  shown  for  the  two  lower  floors.  The  Idsal  jout-SARgbk  is 
illustrated  in  the  lower  floor.  It  is  spiked  to  the  aides  and  tof>  of  the  gkdcr. 
The  Van  Dorn  joist-hanger  is  shown  in  the  second  floor,  while  the  old-style 
STisaup  is  shown  in  the  top  floor.  The  wall-hangers  illustrated  are  of  the 
approved  type. 


Fig.  20.    MDl-owBtructiop.     Combination  Post-caps,  etc. 

Framing  Steel  Beams  and  Girdera.  Fig.  31  illustrates  the  use  of  I-bf.aic 
gudeks  in  place  of  wooden  girhers  and  their  connections  with  wooden  beams. 
In  this  kind  of  construction  it  is  necessary  to  fireproof  the  steel  beams,  as  they 
are  more  readily  affected  by  heat  in  case  of  fin  than  large  wooden  timbcn. 
intense  heat  often  causes  tharn  to  collapse  and  ruin  a  builduig.    The  banosb 


y  Google 


Structural  Detafls  of  MiU-Constniction 


787 


shown  in  the  first  floor  is  used  where  the  I  beams  and  wooden  beams  are  of  the 
same  height  This  hangee  provides  an  extra  bearing  for  the  timber  and  has 
proved  vecy  satisfactory.  The  hanoes  shown  In  the  second  floor  is  used  when 
it  is  necessary  to  raise  the  wooden  beam  above  the  lower  flange  of  the  steel 
beam.    This  bamcek  brings  ail  the  load  on  the  lower  flange  of  the  Z  beam  and 


wrmmm 


Fig.aO.    Mill-construction.    Steel  Post-caps,  etc. 


provides  an  anchorage  for  the  wooden  beam.  It  is  used  singly  or  in  pairs  on 
the  I  beam  as  required,  and  is  bolted  through  the  web  of  the  X  beam.  This  has 
been  found  to  be  a  very  economical  and  efficient  oonstruction.  In  the  thiixi 
floor  the  wooden  beam  is  shown  fzamed  to  the  I  beam  by  means  of  a  sbelt- 
ANGLE.    With  thb  form  of  construction  it  is  oeoesswy  to  rivet  the  souv* 
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Fig.  31.    Mill-construction.    Framing  Steel  Beams  and  Girden 

ANGLE  to  the  web  of  the  I  beam.  The  upper  detail  shows  the  old-fashioned 
smtRxn*  passing  over  the  top  flange  of  the  I  beam  and  carrying  the  wooden 
beam.  The  post-caps  shown  are  the  Duplex  steel  post-caps  which  are 
approved  by  the  National  fioard  of  Fire  Underwriters. 
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13.  Connections  of  Floor-Beams  and  Girders 

Girder-Hangers  and  Joist-Hangers.  To  render  the  construction,  and 
particularly  the  girders,  slow-burning,  it  is  important  to  have  no  hollow  spaces 
between  the  top  of  the  girders  and  the  flooring,  that  is,  to  have  the  top  surface 

of  the  floor-beams  flush 
with  that  of  the  girders. 
This,  of  course,  neces- 
'  sitates  framing  the 
floor-beams  into  the 
girders.  For  heavy 
CONSTRUCTION  the  only 
kind  of  framing  that 
is  permissible  is  one  in 


'  Fig.  32.    Duplex  Hanger  for  Heavy  Floor-beams 


Fig.  33.  Framing  I  Beam 
and  Wooden  Beam  of 
Same  Depth 


which    some    kind    of    joist-hanger   is    used.    The 

various  kinds  of  joist-hangers  now  in    the   market 

have  been  illustrated  and  commented  on  in  the  last  part  of  Chapter  XXI. 

When  the  floor-beams  are  6  by  12  in  or  larger  in  cross-section,  and  the  girders 

arc  of  wood,  the  author  would  give  the  preference  to  the  Duplex  hanger 

shown  in  Fig.  32.     (See,  also,  pages  752  and  753.) 

If  steel-beam  girders  are  used  in  place  of  wooden  girders,  there  are 
several  methods  in  use  for 
framing  the  wooden  beams. 
Fig.  33  shows  a  steel  I  beam, 
and  a  wooden  beam  of  the 
same  depth  framed  into  it 
and  resting  on  its  lower  flange. 
In  most  cases,  however,  this 
does  not  afford  a  sufficient 
bearing  for  the  wooden  beam. 
Fig.  34  shows  a  shelf-angle 
riveted  to  the  web  of  the  I 
beam.  Whenever  this  method 
of  supporting  the  beams  is 
used,  enough  bolts  or  rivets 
should  be  used  to  support  the 
had  carried  by  the  shelf- 
angles.  Each  94-in  bolt  may 
be  considered  to  support  3  000 
lb  on  each  side  of  the  girder, 
and  each  %-in  bolt,  4  000  lb. 
The  methods  shown  in  Figs.  35  and  36  are  sometimes  used,  but  are  open  to 
objection  on  account  of  the  weakening  of  the  wooden  beams  when  loaded. 
Fig.  37   shows  a  stirrup-type  of   hanger.    Thb  construction  permits  the 


Fig.  34.    Wooden  Beam  Framed  to  I  Beam  with 
Shelf-angle 
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Pig.  96.    Woodctt  Betm  Framed  to  I         Fig.  Z^.    Wooden  Beam  Framed  to  1 1 
Beam  with  Wooden  Cleat  with  Shelf-aogle 


Fig.  37.    Wooden  Beam  Framed  to  I         Fig.  S8.    Wooden  Beam  Framed  to  I 
Beam  with  Stirrup-hanger  with  Duplex  Hanger 


Fig.  S9.    Wooden  Beam  Framed  to  I  Beam 
with  Duplex  SbcH-hanger 


m 


Fig.  40.    Wooden  Beam  Framed  to  I  Beam  with  Duplex  Box-hanger 
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innuBg  of  the  wooden  beam  at  any  desired  height,  and  has  proved  satisfactonr. 
These  hangers  can  be  used  with  any  depth  of  beam  or  girder,  and  are  furnished 
by  all  manufacturers  of  steel  joist-hangers  of  the  various  types,  as  well  as  by 
bbicksmiths  who  can  make  waoucBT-ntOK  stirsups.  Fig.  38  shows  the  D0- 
PLCX-TTFE  OF  hamoes  for  framing  a  wooden  beam  flush  with  the  lower  flange 
ol  the  I  beam.    Tfait  hanger  is  attached  by  means  of  bdts.    Fig.  39  shows 


Pig.  41.    Floor-haming  with  Van  Dora  Hangers  and  Post-caps 

the  same  design  of  hanger,  with  the  SHELV-coifSTRtTCUOK  used  to  carry 
the  wooden  beams  up  to  4  hi  above  the  lower  flange  of  the  I  beam.  Fig. 
40  shows  a  hanger  for  carrying  the  wooden  beams  4  in  or  more  above  the 
lower  flange  of  the  I  beam. 

The  hangers  described  fai  Figs.  38,  30  and  40  are  all  of  the  Dvplex  ryn:, 
and  are  so  constructed  that  all  the  load  is  carried  on  the  lower  flange  of  the 


Fig.  42.    Floor-haming  with  Duplex  Hangers  and  Post-caps 

I  beam,  which  is  a  very  satisfactory  and  ideal  construction  whenever  it  is 
necessary  to  frame  wooden  beams  into  and  not  rest  them  on  the  I  beams.  The 
design  is  a  very  economical  one  for  framing  wooden  beams  to  t  beams,  as  the 
holes  for  attarhing  these  hakoers  can  be  punched  while  the  sted  is  being  fabri* 
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cated,  and  the  hangers  are  attached  to  the  steel  beams  by  means  of  bolts  when 
the  wooden  beams  are  put  in  place.  These  hangers  are  provided  with  lu^ 
or  lag-screws  for  anchoring  the  wooden  beams  securely  to  the  steel  girder. 
Fig.  41  shows  a  floor-framing  with  the  Van  Dorn  steel  rangers.  Fig.  -42 
shows  the  floor  framed  with  the  Duplex  type  of  hanger  and  post-cap.  The 
same  principle  of  construction  is  applicable  to  larger  wooden  beams  spaced 
farther  apart. 

IS.  Wall-Sttpports  and  Anchors  for  Joists  and  Girders 

Box  Anchors,  Wall-Hangers,  etc.  Anchoring.    In  a  warehouse  intended 
to  be  constructed  on  the  slow-burning  principle,  the  floor-beams  and  girders 

should  be  anchored  to, 
and  supported  by  the 
walls  in  such  a  way  that 
in  case  the  beams  are 
burned  through,  the  ends 
may  fall  without  injuring 
the  walls;  and  where 
large  timbers  are  used, 
provision  should  be  made 
against  the  possibility  of 
dry  rot. 

Box  Anchors.  The 
method  of  supporting  the 
beams  in  mill-construc- 
tion as  originally  de- 
veloped in  the  New  Eng- 
land mills  is  shown  in 
Fig.  43.    Early  Form  of  Beam-support  in  Mill-oonstruction    Fig-  43.     This  fuIflUed 

the  requirements  above 
mentioned,  but  it  weakened  the  walls  to  some  extent.    The  Goetz  cast-iron 


Fig.  44.    Goetz  Box  Anchor  for  Wooden  Beams 


Fig.  46.    Goetz  Box  Ai>- 
chor  for  Wooden  Beams 


BOX  anchors  shown  in  Figs.  44,  45  and  46  and  the  Duplex  wau^box  shown 
in  Fig.  47  are  decided  improvements  on  the  anchor  shown  in  Fig.  43,  as  they 
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Fig.  46.    Goetz  Box  Anchor  for  Wooden  Girders 


afford  all  the  advantages  of  the  latter  without  weakening  the  wails,  unless  the 

floor-beams  are  very  wide.    The   wall-box  as  shown  in  Fig.  47  is  made 

with  a  malleable-iron  bottom  plate  and   a  steel  box  above.     It  has  a  rib 

on  the  plate  at  the  back,  which  extends  up  and  down,  and  acts  as  a  secure 

anchorage   in   the   brickwork.    These   wall- boxes   are  made   wedge-shape, 

and   it    is    therefore 

impossible     to     pull 

them  out  of  the  wall. 

The     more     weight 

there  is  on  the  beam, 

the  stronger  will  be 

the  bond  that  holds 

the  beam  to  the  box 

and  the  box  to  the 

wall. 

In  case  of  fire  or 
accident,    the   joists 
can  bum  through  or 
break;  and  in  falling 
they  can  free  them- 
selves from  the  an- 
chorage   and    leave 
the     wall    standing. 
The  wall  is  not  even  weakened  by  the  space  left  in  it,  because  the  box 
remains,  and  the  crushing  strength  of  this  cast-iron  box  is  much  greater  than 
that  of  the  wall.     No  break  or  breach  is  made  in  the  wall,  and  the  box  that 
remains,  securely  held,  forms  a  space  for  the  easy  replacement  of  the  wooden 
beam.     The  box  provides  a  perfect  and  secure  foundation  for  each  beam. 
Fire  from  a  defective  flue  cannot  ignite  a  beam-end,  because  it  is  protected  by 

a  ventilated,   cast-iron  box.     The 

^^\  wall-boxes  have  air-spaces,  also,  in 

^^^      I  the  sides,  %  in  wide,  which  permit  a 

P  ^    II  circulation  of  air  around  the  ends  of 

the  beams,  effectually  preventing  dry 

rot.     If  timber  is  wet  or  imseasoned 

'^  these  wall-boxes  allow  it  to  dry  out 

after  it  is  put  in  the  building.    The 

average  weight  of   !i  box   like  that 

shown  in    Fig.  45,    for   2   by    12 -in 

joists,  is  10  lb. 

Wall-Hangers.     Another    device 
for  obtaining  the  same  results  in  a 
ng.47.    Duplex  WaU-box  with  Ribbed  Plate    different  way  is  the  wall-hanger. 

Figs.  48  and  49  show  Duplex  wall- 
hangeks  for  large  timbers.  The  hanger  shown  in  Fig.  49  is  made  of  open-hearth 
steel  and  is  extra-heavy.  Each  of  these  hangers  is  provided  with  a  plate  which  has 
an  S-in  bearing  on  the  wall,  and  the  bearing  of  the  timbers  on  the  hanger  is  also 
8  in.  For  beams  not  exceeding  10  in  in  breadth  there  is  probably  little  choice 
between  the  box  anchor.  Fig.  46,  and  the  wall-hangers,  Figs.  48  and  49, 
except  perhaps  in  the  price  and  appearance.^  When  the  wall-hanger  is  used, 
DO  bole  b  left  in  the  wall,  and  a  saving  of  6  in  in  the  length  of  the  beams  is 
effected,  which  in  some  cases  would  be  a  consideration.  For  girders  12  by  14  in 
and  upwards  in  cross-section,  the  author  believes  that  the  hanger  shown  in 
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Fig.  40  is  pceferaUe  to  the  box  ancbob.    WAUrSANOESs  made  froni  smutun 
fifaould  not  be  used  for  heavy  beams.    The  use  of  any  one  of  the  hangers  oi 


Fig.  48. 


Duplex  Wall-hADger  for  Laige 
Wooden  Girder 


FSg.  49.    Duplex  Extn-heftvy   Wall- 
hanger  for  Large  Wooden  Girder 


boxes  is  obviously  greatly  superior  to  the  ordinary  method  of  anchoring  beams 
or  girders  to  walb,  and  the  use  of  such  hangers  will  undoubtedly  save  much  loss 
which  would  be  caused  by  the  falling  of  the  walls.    These  are  almost  invaziabiy 


Ftg.  60.    Application  of  Wall-haQger  to  Brick  Wall 

pulled  down  by  the  oaoiNAaY  ZROtf  anchors  when  the  beams  fall.    Fig.  50 
shows  the  application  of  a  wall-hanger. 

14.  WeakneM  of  Wrougfat-Iron  Stirrups  when  Exposed  to  Fire 

Stirrups  and  Fire-Tests.  Referring  to  this  subject.  Professor  J.  B.  Johnson, 
of  Washington  University,  said:  "  The  recent  fire-tests  of  steel  STiRitUPS  and 
brick  walls  which  were  made  under  my  supervision  in  this  dty  (St*  Louis), 
show  very  conclusively  that  unprotected  stirrups  are  extremely  dangerous. 
These  stirrups  become  red-hot  in  a  few  minutes  and  then  rapidly  char  and 
bum  away  the  ends  of  the  beams;  and  they  also  bend  down,  so  that  in  from 
twenty  to  thirty  minutes  after  the  fire  reaches  the  stirrups,  the  beam  is  dropped 
right  out  of  the  twisted  steel  by  the  straightening  out  of  this  bend  or  twisL" 

The  Duplex  Hangers  possess  an  advantage  over  steel  stirrups  because, 
being  of  malleable  iron,  they  are  not  as  quickly  affected  by  heat,  there  are 
no  twists  or  bends  to  straighten,  and  the  bearing  in  the  trimmer  or  header  is  to 
a  great  degree  protected  by  the  form  of  construction.  During  the  severe  fif* 
at  Patersoo,  N.  J.,  February  9,  1902,  some  Duplex  wau^^hanoers  were  sub-i 
jected  to  a  most  severe  test  without  apparent  injury.  It  is  undoubtedly  desir-' 
able  that  all  structural  iron  should  be  protected  from  fire,  but  it  is  almost  im^ 
practicable  to  effectively  protect  the  stirrups  used  in  connection  with  woodeai 
beams  without  going  to  a  greater  expense  than  the  character  of  the  amstmctioa  | 
warrants. 
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IS.  Post  and  Girder-CoimectioiiB 

Iron  Cap-Plates,  Wooden  Bolsters,  etc.  Whenever  a  building  is  con- 
structed with  wooden  posts  extending  through  several  stories,  each  upper  post 
should  rest  on  an  iron  cap-piate,  fitted  over  the  post  below,  and  never  on  a 
girder  or  even  on  a  wooden  bolster.  A  bolster  would  not  be  objectionable 
were  it  not  for  the  fact  that  the  pressure  under  the  post  is  generally  sufficient  to 
crush  the  fibers  of  any  kind  of  woo4.  Then,  too,  there  is  always  some  settle- 
ment due  from  shrinkage.  As  posts  are  used  expressly  for  the  support  of  beams 
or  girders^  the  iron  caps  must,  of  course,  extend  sufficiently  beyond  the  upper 
post  to  afford  ample  bearing  for  the  end  of  the  girder.  This  bearing  in  square 
inches  should  be  equal  to  at  least  one-half  the  load  on  the  girder  divided  by  the 
safe  resistance  of  the  wood  to  crushing  across  the  grain,  as  given  in  Table  IV, 
page  454. 

Bzampie.  A  i3  by  x4-in  yellow  pine  girder  is  designated  to  support  a  possible 
load  of  38  000  lb.    What  bearing  should  it  have  at  the  ends? 

Solution.  The  safe  resistance  given  for  long-leaf  yellow  pine  to  crushing  across 
the  grain  is  350  lb  per  sq.  in.  One-half  the  load  on  the  girder  is  19  000  lb, 
and  hence  the  bearing  area  should  be  19  000  divided  by  350  or  about  54  sq  in. 
As  the  breadth  of  the  beam  is  12  in  this  would  require  a  bearing  lengthwise 
of  the  girder  of  4H  in.  In  no  case  should  the  bearing  be  less  than  that  required 
by  the  above  rule. 

it.  Form  and  Material  of  Post-Caps 

Cast-Iron  versus  Steel  Post-Caps.  Formerly  cast-iron  post-caps  were 
used  for  the  framing  of  the  girders  at  the  columns  and  posts.  But  the  uncer- 
tainty attached  to  the  use  of  cast  iron,  and  the  necessity  of  extremely  heavy 
caps  to  assure  safe  construction  have  led  most  engineers  to  specify  steel  post- 
caps,  as  they  are  unquestionably  the  strongest  form  of  construction  for  fram- 
ing posts  and  girders.  The  use  of  £TEEL  post-caps  is  to  be  recommended,  there 
being  no  uncertainty  regarding  the  strength  of  steel  as  there  is  concerning  the 
strength  of  cast  iron  used  for  post-cap  construction.  Internal  stresses  due  to 
uneven  cooling  may  seriously  affect  the  strength  of  a  cast-iron  cap,  while  a 
honeycombed  casting  may  be  used,  undetected,  and  affect  the  safe  carrying 
capacity;  so  that  failu^  of  the  cap  may  occur  even  from  the  vibration  due  to 
the  machinery  in  the  building. 

Cast-iron  Post-Caps  are  stiU  used  in  some  localities  and  a  few  of  the  com- 
mon forms  as  well  as  those  of  steel  post-caps  are  shown.  Fig.  51  shows  a 
form  which  is  frequently  used  for  light  construction.  Fig.  52  shows  a  similar 
cap  for  a  cylindrical  post.  These  caps  permit  the  use  of  girders  wider  than  the 
post.  When  the  girders  and  floor-beams  are  in  place,  and  especially  when  the 
building  is  occupied,  there  is  no  danger  of  the  girders  or  posts  slipping  on 
the  plate;  in  fact  it  would  require  a  greater  force  to  move  them.  The  girders 
shoidd  be  tied  together  longitudinally  by  iron  straps  spiked  to  their  sides. 
Many  persons,  however,  consider  it  important  in  a  building  of  slow-burnino 
construction,  to  have  the  posts  tied  together  in  vertical  lines,  and  the  girders 
secured  in  such  a  way  that  they  will  be  self-releasing  without  pulling  down 
the  posts.  Figs.  53  and  54  show  two  post-caps  which  fulfill  these  requirements. 
With  these  caps  the  ends  of  the  girders  are  not  fastened  by  bolts  or  spikes,  but 
are  held  in  place  and  tied  longitudinally  by  means  of  the  lug  L  on  the  Goetz 
cap,  and  by  pins  on  the  Duvinage  cap;  so  that  in  case  the  girder  is  burned  to 
the  breaking  point,  it  can  fall  without  puUing  on  the  post  Provision  is  also 
made  for  bolting  the  cap  to  the  upper  post.    The  author  doubts  very  much. 
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Fig.  51.    Cast-iron  Post-cap  (or       Fig.  S2.    Cast-ixoo  Post-cap  for  Cylindrical  Wooden 
Square-section  Wooden  Post  Post 


Fig.  53.    Cast-iron  Duvin&ge  Post-cap  with  Beam-pins 


Fig.  54.    C»st4ion  GoeU  Poat<ap  with  Beam-lugs     Fig.  55.    Cart-iron  Post-cap  with 
*  High  Sides 
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however,  if  posts  bolted  together  in  this  way  will  stand  after  the  girders  have 
faOen,  as  the  planking  will  be  likely  to  pull  the  posts  over,  even  if  they  do  not 
bum  as  quickly  as  the  beams.  Fig.  55  shows  another  form  of  cast  cap  with 
high  sides,  allowing  lag-screws  to  be  driven  in  the  holes  to  tie  the  girders.      ^ 


Fig.  57.    Sted  Post-caps  for  Posts  Varying  in  Section.    Second  Figure  Shows  Four- 
way  Beam-construction 

A  Sted  Poat-Cap,  which  is  approved  by  the  National  Board  of  Fire  Under- 
writers and  bears  their  label,  is  shown  in  Fig.  56.  This  post-cap  is  made  up  of 
sted  side-plates  and  heavy  steel  brackets,  all  held  rigidly  together  by  means 
oC  four  heavy  bolts.    The  posts  and  girders  are  fastened  to  the  cap  by  means  of 
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Fig.  68.    Steel  Post-cap.    One-way  Btem-construc-      Fig.  59.    Malleable-iron  Post- 
tioo  caps 


Fig.  60.    Steel  Post-cap  for  Continuous  Post       Fig.  61.    Malleable-iron  Post-cap  with 

Steel  Top-plate 
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Fig.  62.    Steel  Post<ap  for  Cylindrical  Wooden  Post.    Penpective 
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lag-screws,  t>crmittiiig  the  girders  to  release  themselves  in  case  of  fire.  By 
this  method  the  entire  construction  is  tied  together  vertically  and  longitudinally. 
This  cap,  on  account  of  its  simple  design,  lends  itself  readily  to  fevery  form  of 
construction  desired. 

Various  Types  of  POst-Caps.    Fig.  57  illustrates  one  post-cap  m  which 
the  width  of  the  girder  is  less  than  that  of  the  post  below,  and  also  another  post- 
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PLAN 
Fig.  63.    Sted  Post-cap  for  Cylindrical  Wooden  Post.    Elevations  and  Plan 

CAP  in  which  the  width  of  the  girder  is  greater  than  that  of  the  post  below.    In 
the  latter  potm-WAY  brackets  are  riveted  to  the  side-plates  to  provide  for  the 
rouR-WAY  construction.    Fig.  58  shows  a  one-way  construction.    Fig.  60 
shows  a  post-cap  which  is  used  when  it  is  required  to  run  a  post  through  two 
stories.    This  is  what  is  known  as  a  con- 
tinuous POST-CAP.    The  bracket  instead 
of  being  made  dear  across  the  cap  is  made 
short  on    both    sides    and    fitted   into 
shoulders  notched  into  the  post,  so  as 
to  make  a  more  rigid  construction.    Fig. 
59  shows  two  POST-CAPS  made  of  malleable 
iron  which  are  preferable  to  cast-iron  caps 
as  they  will  not  break  off  in  case  of  a  fire 
when  cold  water  comes  in  contact  with 
them.    This  clanger  is  present  when  cast- 
iron  POST-CAPS  are  used.    The  cap  shown 
is  made  in  two  parts  so  that  it  will  fit 
posts  and  girders  of  different  sizes.    This 
cap,  also,  is  approved  by  the  Board  of 
Fire  Underwriters.    Fig.  61  shows  a  com- 
bination POST-CAP,  the  upper  j)art  of  which  is  made  of  steel  plate,  and  the 
Lower  part  of  malleable  iron.     Figs.  62  and  63  show  steel  post-caps  for 
SOUND  POSTS.    They  are  also  frequently  used  for  pipe-columns  and  concrete- 
filled  columns.    (See,  also,  Steel-Pipe  Columns,  page  469  and  Lally  Columns, 
pages  474  aad  477.)     Fig.  64  shows  a  steel  post-cap  intended  for  lighter 

yGoogle 


Fig.  64.    Steel  Post-cap  fbr  Light  Con- 
struction 


Digitized  by  V 


800 


Wooden  Mill  and  Warehouse-Construction        Chap.  22 


construction.  Hg.  66  shows  Van  Dorn  post-caps.  Fig.  66  illustrates  the 
Stak  post-cap  which  is  made  of  a  bent  steel  plate  with  a  fin  projecting  below 
into  a  slot  in  the  post.    Both  are  approved  by  the  Underwriters.    It  is  necessao' 
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Fig.  05.    Van  Dom  Steel  Post-caps 


to  slot  out  the  post  in  order  to  insert  this  fin.  Post-caps  which  completely 
encircle  the  top  of  the  post  in  a  socket,  to  a  great  measure  tend  to  pre- 
vent the  twisting  effect  of  the  post,  which  is  so  noticeable  when  the  posts 

are  of  wood.    There  is  an  objection 
to  the  use  of  the  pour-way  post-cap 
when  the  girders  are  of  wood,  because 
the  floor-beams  that  are  hung  from  a 
girder  drop  a  distance  equal  to  the 
shrinkage  in  the  girder,  if  the  beams 
are  hung  in  stirrups,  or  by  one-half 
this   amount    if   they   are    hung    in 
Duplex  hangers.    The  beams  sup- 
ported on  the  post-cap  cannot  drop 
at  all,  and  consequently  the  floor  will 
be  higher  over  the  beam  supported 
by   the   posts,   than  over  the  inter- 
mediate   beams.     In    one    building 
where  deep    beams  were   used,    the 
unevenness  in  the  floor  amounted  to 
Fig.  M.    Star  Steel  Post-cap  with  Fin         nearly  an  inch  and  was  very  notice- 
able.   Wherever  wooden  girders  are 
used  it  is,  therefore,  a  much  better  construction  to  support  all  of  the  floor- 
beams  from  the  girders,  in  which  case  the  shrinkage  will  be  uniform.     With 
steel  girders  there  is  no  shrinkage,  and  a  beam  may  be  placed  opposite  the 
posts  with  advantage. 

17.  Roofing-Materials 

Warehouse-Roofs  are  almost  always  flat  and,  like  floors,  should  be  continu- 
ous from  wall  to  wall,  without  openings.  The  occupancy  of  such  buildings 
calls  for  little  light,  and  hence  skylights  and  other  roof-structures  are  not  re- 
quired. 

Dampness  and  Leaks.  Stored  goods  may  be  very  easily  damaged  by  water, 
and  roofs,  therefore,  should  be  of  such  construction  that  they  will  prevent  damp- 
ness, either  through  leakage  or  condensation.  While  roofs  are  usually  built  as 
flat  as  possible,  the  incline  should  be  sufficient  to  drain  readily,  and  the  out* 
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lets  should  be  of  sufficient  capacity  to  quickly  drain  the  roof  of  a  maximum 
amount  of  water. 

Slag  or  Tin  are  ahnost  exclusively  used  on  buildings  of  this  type,  although 
asphalt  or  other  mastics  are  sometimes  used  with  good  results. 

Slag  Roofs  should  be  constructed  generally  as  described  on  pages  1509  to 
1 5 13  and  should  be  not  less  than  s-ply,  with  the  maximum  amount  of  coating. 
The  flashings  and  counterflashings  should  be  of  copper  or  heavily-coated  best 
teme-plates. 

Tin  Roofs  should  be  laid  with  the  best  open-hearth,  palm-oil-process  teme- 
plates^  laid  on  felt  or  other  suitable  material  which  will  avoid  condensation  and 
act  as  a  fire-retardant. 

Canvas  Roofing  will  stand  hard  usage,  as  is  shown  by  its  continued  use  on 
decks  of  vessels  and  steamers;  but  it  is  not  adapted  to  large  buildings. 

ProYisions  for  Flooding  Roofs.  When  warehouses  are  located  m  congested 
districts,  surrounded  by  higher  buildings,  or  by  buildings  of  light  construction 
or  hazardous  occupancy,  their  roofs  should  be  so  constructed  that  they  may  be 
flooded  during  severe  fires  in  such  surrounding  buildings.  This  can  be  accom- 
plished by  using  good  roofing-materials,  making  high  flashings,  waterproofing 
the  walls  above  the  roof-line,  and  providing  roof-outlets  of  types  that  will  allow 
the  placing  of  stoppers  at  the  scuppers.    (See  Fig.  11.) 

18.  Partitions 

Non-bearing  Partitions.  This  refers  only  to  those  light  walls  or  enclosures 
which  separate  rooms,  etc.,  and  not  to  those  walls  which  divide  the  building  into 
sections.  Partitions,  as  here  defined,  bear  no  floor-loads.  Buildings  of  the 
SLOW-B13RNTNG  'TYPE,  for  occupaucies  described  above,  need  but  few  partitions, 
and  these  should  be  built  of  non-inflammable  materials,  preferably  metal  lath 
and  plaster  on  light,  metal  studding.  All  cupboards,  closets,  lockers,  etc.,  in 
a  building  of  this  t3rpe  should  be  of  metal,  or  other  equally  non-inflammable 
material. 

If.  Doors  and  Shutters 

Ffre-Underwriters'  Specifications.  Doors  and  shutters  should  be  built  as 
outlined  in  the  Rules  and  Requirements  of  the  National  Board  of  Fire  Under- 
writers for  the  construction  and  installation  of  fire-doors  and  fire-shutters,  as 
these  specifications  are  accepted  by  architects  and  builders  as  the  standard. 

Door-Openings  should  be  limited  to  80  sq  ft,  or  less,  each,  and  all  communica- 
tions between  buildings  or  sections  of  a  building  protected  with  double,  auto- 
mate, sliding  doors. 

2t.  Fire-Protsction 

Automatic  Sprinklers,  supplied  with  an  ample  quantity  of  water  at  a  good 
pressure,  are  needed  in  mills,  storehouses,  factories,  warehouses,  etc.,  where 
combustible  goods  are  made  or  stored,  or  where  large  values  are  at  stake.  They 
may,  in  fact,  be  installed  in  buildings  of  any  type  of  construction  and  occupancy, 
but  are  most  effective  in  buildmgs  of  nsE-paooF  or  mill-construction. 

Inside  Standpipes,  witK  outlets  in  each  story,  in  the  basement  and  on  the 
roof,  should  be  installed  at  points  readily  accessible  in  case  of  fire,  and  should 
have  a  sufficient  quantity  of  good  hose  attached  at  each  outlet. 

Roof  Noxzles.  If  a  building  is  badly  exposed  to  other  buildings  of  inferior 
construction  or  hazardous  occupancy,  a  Monitor-nozzle  of  large  size,  located 
on  the  roof,  is  advisable. 
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Public  Water-Supplies.  If  these  are  not  available,  a  private  fire-service 
may  be  advisable. 

Competent  Supervision.  All  of  the  above  fire-protection  equipments 
should  be  installed  by  men  familiar  with  their  operation,  and  supervised  by 
competent  fire-protection  engineerSj  under  plans  approved  by  underwriters 
having  jurisdiction. 

21.  Cost*  of  Mills  and  Factories  Built  on  the  Slow-Bucniiic 
Principle 

DifBculty  of  Estimating  Costs  from  Tables.  The  cost  of  a  building  of 
this  type  of  construction  depends  upon  the  cost  of  material  plus  the  cost  of 
labor,  and  as  the  cost  of  either  varies  greatly  in  different  localities  the  cost  of 
similarly  constructed  buildings  must  also  vary.  Even  if  the  cost  of  labor  and 
materials  does  not  vary,  the  cost  of  buildings  of  the  same  area  will  depend  much 
upon  the  height,  floor-loads,  distance  between  bearing-points,  design,  etc,  and 
it  is  difficult  to  deduce  a  table  accurate  enough  for  use  in  computing  even  the 
approximate  cost  of  buildings  per  square  foot  of  floor<areas.  One  firm  of 
architects t  states:  "Experience  has  taught  us  that  estimating  the  cost  o| 
a  building  either  by  the  square-foot  method  or  the  cubic-foot  method 
has  proved  dangerous  and  misleading,  and  it  was  abandoned  by  us  many 
years  ago  except  to  obtain  a  general  idea  of  the  cost  of  a  building.  We 
have  found  that  the  only  reliable  way  to  approximate  the  cost  of  a  building 
is  to  block  it  out  and  to  figure  the  approximate  quantities*  which  at  the  market 
prices  prevailing  at  the  time  the  building  is  to  be  erected,  will  give  the  approxi- 
mate cost  of  said  building."  Owing  to  the  high  cost  of  lumber,  a  fire-proof 
building  will  cost  but  little,  if  any,  more  than  a  building  of  mill^onstruction; 
and  owing  to  this  fact  it  is  always  advisable  to  determine  the  cost  of  buildings 
of  both  types  before  deciding  upon  the  type  to  be  used.  Buildings  of  mill- 
construction  are  becoming  obsolete  in  some  localities,  and  owing  to  the  lower 
rate  of  insiu-ance  on  buildings  of  fire-proof  construction,  those  of  the  latter 
type  are  much  preferred,  as  in  the  end  they  cost  less.  It  is  not  always  safe  to 
compare  the  total  cost  of  labor  with  the  cost  of  the  labor  per  diem,  as 
the  cheaper  labor  is  often  the  more  expensive  in  the  end,  this  depending  largely 
upon  the  locality  and  the  conditions  imposed.  Tables  showing  the  api»roximatc 
cost  of  buildings  of  the  mill-construction  type  are  computed  from  the  cost 
of  mill-buildings  of  light  construction  (cotton-mills  with  lateral  beams  only) 
and  are  not  adapted  to  computing  the  cost  of  heavy  warehouses  or  similar 
factory-construction.  The  figuring  of  the  cost  of  such  buildings  from  the  cost 
PER  SQUARE  FOOT  gives,  at  the  very  best,  only  approximate  results;  and  as  a 
discrepancy  of  but  i  ct  per  sq  ft  will  sometimes  amount  to  thousands  of  dollars, 
the  method  is  hardly  accurate  enough  to  estimate  even  the  approximate  cost. 

The  Cost  of  Buildings  of  MiU-Constniction  In  Hew  Bnglaad.  The 
following  eight  buildings  were  designed  by  Lockwood,  Greene  and  Company 
of  Boston,  Mass.,  who  submit  data  and  descriptions  of  buildings  of  mill-cok- 
STRUcnoN  with  their  cost  per  square  foot.  These  buildings  are,  with  a  sinxlc 
exception,  situated  within  a  limited  area  where  cost  of  labor  and  materials 
vary  but  little.  The  floor-loads  vary  from  75  to  i5>>  lb  per  sq  ft,  and  the  cost 
runs  from  $0,715  to  $1.56  per  sq  ft.  Considering  the  textile-mills  only,  the 
average  cost  is  $1,038  per  sq  ft,  while  the  average  cost  of  all  these  buildings  is 
$1,113  persq  ft. 

*  For  oo0t  of  reinforced-concrete  mins,  warehooses,  etc.,  see  pages  1532  and  1538. 
t  FanoC  &  Livaudiis,  Ltd.,  New  Orleans.  La. 
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A  Cotton  Spinning-Mill.  This  mill  h^  an  attached  picker-house,  office 
and  dye-house  wings,  and  was  built  in  Rhode  Island  in  19x1.  The  following 
are  the  details  of  construction:  main  mill,  four  stories;  size,  263.17  by  131.67  ft; 
two-story  picker-house,  42.67  by  131.67  ft;  one-story  dye-house  55  by  85.67 
ft;  brick  stair-tank,  and  other  towers;  walls  of  hard  brick;  plank  and  wearing- 
floors  on  transverse  I-beam  frazdng,  supported  by  cast-iron  columns,  except 
in  five  bays,  where  both  transverse  and  longitudinal  framing  is  used;  slag  roof- 
ing on  plank  on  wooden  transverse  rafters;  floors  built  for  a  live-load  of  75  lb 
per  sq  ft.    The  cost  of  the  buildings  was  $0,965  per  sq  ft. 

A  Four-Story  Cotton-MQl.  This  mill  is  without  basement.  It  was  built, 
together  with  the  fan-room  and  repair-shop  additions  in  Georgia,  in  19x0.  The 
following  are  the  details  of  construction:  mill,  four  stories;  size,  272  by  128  ft; 
office  and  repair-shop,  one  story  in  height  and  122.67  by  36  ft  in  plan;  r^ular 
mlU-construction,  that  is,  brick  walls,  hard-pine  transverse  floor-framing,  wooden 
columns  and  plank  floors,  except  for  six  bays  of  the  fourth  floor  which  have 
steel  I-beam  longitudinals  in  addition  to  the  hard-pine  transverse  timbers,  and 
for  sixteen  bays  of  the  roof -framing  which  have  both  longitudinal  and  transverse 
haid-pine  timbers,  these  having  been  found  necessary  in  both  cases  because  of 
the  omission  of  the  alternate  columns.  These  buildings  have  extensive  monitors, 
saw-tooth  skylights,  stair-towers,  etc  The  floors  are  designed  to  cany  a  live 
load  of  75  lb  per  sq  ft.    The  cost  of  the  building  was  $0.7x5  per  sq  ft. 

A  Cotton-Min  of  IrregnlAT  81iftp«.  This  mill  is  considerably  wider  at 
one  end  than  at  the  other  and  has  a  basement  at  one  end.  It  was  built  in 
Massachusetts  in  191 1.  The  following  are  the  details  of  its  construction:  mill, 
five  stories;  length,  3x1.67  ft  and  average  width,  75.42  ft;  five-story  wing, 
65.26  by  40.01  ft,  with  extensive  pent-houses;  stair  and  elevator-towers  and 
skylights;  brick  walls,  transverse  wooden  floor-framing,  supported  by  cast-iron 
colomns  and  brick  walls;  conditions  at  site  demanded  extensive  foundations; 
windows  in  fourth  and  fifth  stories  of  one  wall  protected  by  wire-glass  in  metal 
frames;  and  floors  built  for  a  live  load  bf  75  lb  per  sq  ft.  The  cost  of  the  buildings 
was  |x. 172  persqft. 

A  One-Story  Machine-Shop.  This  was  built  near  Boston,  Mass.,  in  19 10. 
The  main  building  is  200  by  136.375  ft  with  a  connecting  wing,  50  by  39.33  ft. 
It  has  brick  walls;  longitudinal,  steel,  I-beam  framing;  transverse,  steel,  saw- 
tooth skylight  framing;  plank  roof  covered  with  tar  and  gravel;  20-ft  longitu- 
dinal and  i6-ft  transverse  bays;  steel  I-beam  colunms;  4V^-in  cement  floors 
except  for  three  hays  which  have  a  i-in  maple  overflooring,  a  i-in  North  Caro- 
lina pine,  intermediate  layer,  a  3-in  kyanized  spruce-plank  layer,  and  4H  in  of 
tar-concrete;  and  extensive  saw-tooth  skylights.  The  cost  of  the  buildings 
was  $1,288  per  sq  fL 

A  Boilding  for  Manufacturing  Automobiles.  This  building  has  forge- 
shop  extensions  and  was  built  in  Connecticut  in  x9xo.  The  main  building 
has  four  stories  and  a  basement  and  is  54  by  15X  ft  in  plan  with  a  one-story 
extension,  50  by  X49  ft,  with  extensive  pent-houses  and  monitors.  The  factory- 
building  has  brick  walls,  transverse  yclIow-pinc  framing  on  heavy  wooden  col- 
umns and  on  walls,  floors  of  x-in  maple  overflooring  over  4-in  yellow-pine  planks, 
a  roof  of  3-in  yellow-pine  planks  covered  with  tar  and  gravel,  and  a  4%-in 
cement,  basement-floor.  The  extension  has  brick  walls;  a  brick-on-edge  floor 
laid  on  a  4-in  course  of  cement  concrete  on  earth;  steel  roof-trusses, 
4-tn  span  placed  10  ft  on  centers;  tar-and-giuvel  roof;  and  extensive  monitors. 
The  floors  are  built  to  carty  a  live  load  of  125  lb  per  sq  ft.  The  cost 
boikfing  was  $1,075  per  sq  ft.  r^  t 
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A  Two-Story  Wooden  Box-Factory.  This  factoiy  has  no  basement.  It 
was  built  near  Boston,  Mass.,  in  1909.  In  plan  it  is  155  by  305  ft  and  its  aver- 
age height  is  32.5  ft.  It  has  brick  shafts^  transverse  wooden  framing  for  the 
first  floor;  transverse  beams  supported  by  longitudinals  for  the  second  floor 
and  roof;  wooden  colunms  and  plank  floors;  and  wooden  monitors.  The  floors 
are  designed  to  carry  a  live  load  of  150  lb  per  sq  ft.  The  cost  of  this  building: 
was  $0.84  per  sq  ft. 

A  One-Story-and-Basement  Weave-Shed.  This  was  built  near  Boston, 
Mass.,  in  1909.  It  is  213  by  244.17  ft  in  plan,  with  extensive  entrances,  towers 
and  saw-tooth  skylights.  It  has  brick  walls;  longitudinal  I-beam  girders  sup- 
porting transverse  I-beam  girders  in  the  first  story,  resting  on  brick  piers; 
transverse  hard-pine  girders  supporting  longitudinal  girders  for  the  saw-tooth 
skylight-framing;  heavy,  wooden  floors  and  roof;  wooden  columns;  an  earth 
basement-floor;  and  foundations  on  concrete  pUes.  The  floors  are  designed 
to  cany  a  live  load  of  100  lb  per  sq  ft.  The  cost  of  the  buildings,  on  the  one- 
story  basis,  was  I1.56  per  sq  ft. 

A  Two-and-One-half  Story  Picker-House.  There  is,  also,  a  two-story 
house  and  a  one-story  connecting  passage  between  the  two  buildings  mentioned 
above  for  the  cotton  mill  of  irregular  shape,  which  were  built  in  Massachusetts 
in  19 1 1.  The  picker-house  is  64  by  95  ft  in  plan;  the  waste-house  a  i  by  49  ft; 
the  covered  bridge  10  by  40  ft;  and  the  average  height  of  the  building  42.5S  ft. 
The  walls  are  of  brick.  The  picker-house  has  transverse  wooden  framing  sup- 
ported by  wooden  columns  and  has  plank  floors.  The  waste-house  wing  has 
transverse,  steel  I-beam  framing  and  no  columns,  and  concrete-slab  floors. 
The  floors  are  designed  to  carry  a  live  load  of  75  lb  per  sq  ft.  The  cost  of  the 
building,  including  plumbing,  was  I1.29  per  sq  ft. 

The  Cost  of  Buildings  of  Mill-Construction  in  Philadelphia,  Pa.»  and 
Vicinity.  The  following  five  buildings  were  designed  by  Steams  &  Castor, 
Philadelphia,  Pa.,  who  submit  data  and  descriptions,  with  the  cost  per  squake 
FOOT.  These  buildings  are  within  a  very  limited  area,  being  m  or  within  a  few 
miles  of  Philadelphia,  and  are  of  somewhat  heavier  construction  than  those 
described  above,  the  floor-loads  varsnng  from  120  to  150  lb  per  sq  ft  and  the 
cost  ranging  from  $0.86  to  $1.23  per  sq  ft.  The  average  floor-load  is  132  lb  and 
the  average  cost  $1.02  per  sq  ft.  The  two  spinning-mills  mentioned  arc  de- 
signed for  average  floor-loads  of  120  lb  and  their  average  cost  was  ^1.00 
per  sq  ft. 

A  Chocolate-Factory.  This  was  built  in  Philadelphia,  Pa.,  on  open  ground. 
It  has  an  ornamental  exterior;  walls  of  Sayer  and  Fisher  brick  with  terra-cotta 
trimmings,  and  a  main  building,  83  by  303  ft  in  plan  and  two  stories  in  height. 
One  section  of  the  building,  60  ft  in  length,  is  three  stories  high.  The  story- 
heights  are  14  ft  from  top  to  top  of  floors.  The  floors  are  designed  to  cany 
a  live  load  of  150  lb  per  sq  ft.  It  has  foundations  of  concrete;  heavy  mill- 
floors  on  heavy  timber-framing;  a  slag  roof;  all  stairways  and  elevators  in 
brick  towers;  and  openings  in  division  walls  equipped  with  fire-doors.  The 
cost  of  the  building,  excluding  plumbing,  heating,  electric  work,  elevators,  fire- 
protection  and  mechanical  equipment,  was  $0.86. 

A  Four-Story-and-Basement  Chocolate-Factory.  This  building  was 
erected  in  Philadelphia,  Pa.  It  is  44  by  130  ft  in  plan,  with  average  stoiy- 
helghts  of  13  ft.  It  was  built  in  a  congested  part  of  the  city,  between  other  build- 
ings. The  cost  of  underpinning  and  shoring  the  adjacent  buildings  is  included 
in  the  cost  given.  It  has  plain  brick  walls;  slow-burning  floor-construction  00 
Tf  wooden  timbers,  with  finished  flooring  of  maple;  stairways  and  elevators 
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in  brick  enclosures;  and  a  slag  roof.  The  floors  are  designed  to  carry  a  live 
load  of  150  lb  per  sq  ft.  .  The  cost  of  the  buildings  including  plumbing,  but 
excluding  heating,  electric  work,  elevators,  fire-protection  and  mechanical 
equipment,  was  $1.33  per  sq  ft. 

A  Spinning-Mill.  This  building  was  erected  in  Philadelphia,  Pa.,  on  ground 
open  and  easy  of  access.  Its  exterior  is  of  brick,  without  ornamentation.  It 
is  64  by  368  ft  in  plan,  three  stories  in  height,  the  stories  throughout  being  15  ft 
6  in  from  top  to  top  of  floors.  The  floors  throughout  are  calculated  to  carry  a 
live  load  of  120  lb  per  sq  ft.  It  has  walls  of  brick;  a  slow-burning  floor-con- 
struction with  finished  flooring  of  maple;  a  slag  roof;  and  stairways  and  ele- 
vators in  brick  enclosures.  The  cost  of  the  building,  excluding  plumbing, 
heating,  electric  work,  elevators,  fire-protection  and  mechanical  equipment 
was  I0.93  per  sq  ft. 

A  Spinning-Min.  This  building  was  erected  in  Philadelphia,  Pa.,  on  ground 
open  and  easy  of  access.  Its  exterior  is  a  {dain  brick  design.  It  is  69  by  369  ft 
in  plan  and  three  stories  in  height,  the  story-heights  throughout  being  15  ft 
6  in  from  top  to  top  of  floors.  The  floors  throughout  are  calculated  for  a  live 
load  of  ISO  lb  per  sq  ft.  It  has  brick  walls  with  concrete  foundations;  a  slow- 
burning  floor-construction  with  a  finished  flooring  of  maple; .  a  slag  roof;  all 
stairways  and  elevators  in  brick  enclosures;  and  all  openings  in  division  walls 
equipped  with  fire-doors.  The  cost  of  the  building  excluding  the  plumbing, 
heating,  electrical  work,  elevators,  fire-protection  and  mechanical  equipment, 
was  $1.07;  and  the  cost  of  the  building  including  the  plumbing,  heating,  elec- 
trical work,  elevators  and  fire-protection,  but  excluding  the  mechanical  equip- 
ment, was  I1.34. 

A  Clothing-Factory.  This  building  was  erected  in  Woodbine.  N.  J.,  on 
ground  open  and  easy  of  access.  Its  exterior  is  of  brick,  without  ornamentation. 
It  is  45  by  179  ft  in  plan  and  three  stories  in  height.  The  bajaement  is  10  ft  in 
height,  and  the  other  stories  12  ft  in  height  from  top  to  top  of  floors.  The 
floors  are  calculated  throughout  for  a  live  load  of  1 20  lb  per  sq  ft.  It  has  walls 
of  brick;  sbw-buming  floors  with  yellow-pine  finished  flooring;  a  slag  roof;  and 
all  stairways  and  elevators  in  brick  towers.  The  cost  of  the  building,  exclud- 
ing heating,  electrical  work,  fire-protection  and  mechanical  equipment,  but  in- 
cluding frdght-devators  and  plumbing,  was  I1.01  per  sq  ft 

The  Coat  of  Boildinga  of  Mill-Constnxction  in  the  Middle  Weat. 
The  following  six  buildings  were  designed  by  F.  G.  Mueller,  Hamilton,  Ohio, 
who  submits  data  and  descriptions  with  the  costs  of  buildings  of  heavier  con- 
struction. The  floor-loads  vary  from  aoo  to  300  lb  and  the  cost  from  $0.63 
'to  $oj96  per  sq  ft.  The  paper-mill  at  Taylorsville,  111.,  is  partly  of  concrete 
construction,  and  was  built  at  a  cost  of  $1.30  per  sq  ft.  Exclusive  of  the  last- 
named  building,  the  average  floor-load  is  230  lb  and  the  average  cost  $0,805 
per  sqft. 

An  Addition  to  a  Paper-Mill.  This  was  built  in  Dayton,  Ohio.  It  is  a 
two^tory  brick  building,  x  16  by  79  ft  in  plan.  The  first  story  is  used  for  paper- 
storage  and  the  second  story  as  a  finishing-room.  The  first  floor  is  of  cement 
on  a  cinder  fill;  and  the  second  floor  of  2%-in  yellow-pine  planks  with  an  over- 
flooring  of  %-in  maple,  supported  by  8  by  14-in  beams,  14  by  i6-in  girders  and 
10  l^  xo-in  wooden  posts.  The  floors  are  figured  for  a  live  load  of  200  lb  per 
sq  ft.  The  roof  is  supix>rted  by  six  steel  trusses  and  4  by  lo-in  wooden  purlins, 
and  covered  with  i9&-m  sheathing  and  composition  roofing.  The  foundations 
are  of  concrete.  The  cost  of  the  buikling,  exclusive  of  the  phmibing  and  heat- 
mg,  was  $0.75  per  sq  ft.  r  ooal^ 
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An  Addition  to  a  Foundry.  This  one-story,  brick,  fouadry-building  was 
erected  in  Hamilton,  Ohio,  is  432  by  63  ft  in  plan,  and  has  a  one-story  wing. 
86  by  46  ft  in  plan,  and  a  one-story  cupola-house,  28V^  by  a6V&  ft  in  plan.  It 
has  a  wooden  floor  in  the  wing  only  and  dirt  floors  elsewhere.  It  has  concrete 
foundations;  a  composition  roof  on  2V4-in  sheathing,  supported  by  12  by  14-in 
girders,  6  by  12-in  beams  and  6-in  cast-iron  columns;  an  elevator  in  the  cupola- 
house;  and  all  doors  of  tin-clad  construction.  The  cost  of  the  building  was 
I0.836  per  sq  ft. 

A  Paper-Mill.  This  was  built  in  Monroe,  Mich.,  and  is  a  one-story-and- 
basement  brick  building,  185  by  87  ft  in  plan,  with  an  end-wing  234  by  35  ft. 
It  has  heavy  beam  and  girder  floor-construction,  designed  to  carry  a  live  load 
of  300  lb  per  sq  ft;  concrete  foundations  and  a  basement- part,  130  by  87  ft. 
It  is  designed  for  one  paper-making  machine  and  four  beaters,  has  a  composition 
rooflng  and  one  skylight  over  the  boiler-room.    The  cost  was  I0.88  per  sq  ft. 

A  Paper-Mill.  This  is  an  irregular-shaped  brick  building  erected  in  Kennil- 
worth,  La.,  and  is  356  by  168  ft  in  plan.  About  one-third  of  it  is  two  stories 
and  the  remainder  one  story  in  height.  It  has  a  heavy  wooden,  beam,  girder 
and  post-construction;  a  stone  foimdation  on  cypress-grillage  footings;  and 
floors  designed  to  cany  heavy  paper-making  machinery  with  a  live  load  of 
250  lb  per  ^  ft.    The  cost  of  the  building  was  $0.96  per  sq  ft. 

A  Warehouse.  This  is  a  one-story-and-basement  brick  building,  onected  in 
Hamilton,  Ohio,  and  is  38  by  50  ft  and  designed  for  a  live  load  of  200  lb  per  sq 
ft.  It  has  a  cement  floor  in  the  basement;  10  by  14-in  girders,  8  by  12-in  beams 
and  10  by  lo-in  posts  supporting  3%-in  flooring;  10  by  14-in  girders  and  lo-in 
round,  wooden  posts  carrying  2V4-in  sheathing  and  composition  roofing.  The 
cost  of  the  building  was  I0.62  per  sq  ft. 

A  Paper-Mill.  This  was  built  in  Taylorsville,  HI.,  and  has  a  main  building, 
two  stories  in  height  and  49  by  130  ft  in  plan;  a  one-story  part,  138  by  81  ft 
in  plan;  and  a  one-story  wing,  4a  by  144  ft  in  plan.  There  is  a  basement  under 
ahnost  the  entire  building.  The  foundations  are  of  concrete  and  there  arc 
cement  floors  in  the  basement.  The  first  floor  is  of  reinforced-beam,  girder 
and  slab-construction,  designed  for  a  live  load  of  250  lb  per  sq  ft;  the  second 
floor  of  mill-construction,  supported  by  cast-iron  columns,  14  by  i8-in  wooden 
girders  and  12  by  i6-in  wooden  beams;  and  most  of  the  roof  is  supported  by 
steel  trusses  and  wooden  purlins.  The  second  floor  was  designed  for  a  live  load 
of  150  lb  per  sq  ft.  There  are  extensive  skylights,  pent-houses,  etc.  The  cost 
of  the  building  was  I1.30  per  sq  ft. 

The  Cost  of  Buildings  of  Mill-Construction  in  Toronto,  C«&«da. 
The  building  described  in  the  following  paragraph  was  designed  by  Sproatt  &' 
Rolph,  of  Toronto,  Canada,  who  submit  data  of  a  warehouse-building  with  all 
floor-openings  and  windows  and  other  outer  wall-openings  protected  in  an 
approved  manner,  and  erected  at  a  cost  of  $1.12  per  sq  ft. 

A  Five-Story-and-Basement  Seed-Warehouse.  This  was  built  in 
Toronto,  Canada,  and  is  ixi  by  14c  ft  3^  ia  in  plan.  The  floor-heights  are  13 
ft  I  in,  and  the  total  height  is  66  ft.  The  floors  are  built  of  2  by  6-in  pieces  of 
pine  on  edge  and  the  bays  measure  z  2  ft  5  in  by  13  ft.  The  beams  are  of  long-leaf 
yellow  pine,  14  by  18  in  in  section;  the  posts  of  similar  material,  varying  from 
8  by  8  in  to  16  by  16  in;  the  walls  are  of  hard,  red  brick  with  gray  stone  fac- 
ings; and  the  sashes  and  frames  are  of  steel  throughout.  The  building  has  three 
elevators  in  a  brick-enclosed  shaft  and  one  staircase  in  a  separate  brick  shaft. 
The  floors  are  designed  to  cany  a  live  load  of  250  lb  per  sq  ft.  The  cost  of 
the  building,  exclusive  of  the  heating  and  lighting,  was  |i.x2  per  sq  ft. 
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The  Cost  of  Buildings  of  Mill-Cosstruction  in  Northwestorn  Canada. 
The  foUowing  four  buildings  were  designed  by  J.  H.  G.  Russell,  Winnipeg, 
Canada,  and  are  warehouses  of  very  superior,  heavy  construction,  widely 
se|>acated  in  location,  yet  varying  little  in  cost.  The  floor-loads  used  vary 
from  300  to  550  lb,  live  load,  per  sq  f t  and  the  cost  varied  from  I1.41  to  $1.54 
per  sq  ft    The  average  cost  was  I1.46  per  sq  ft. 

A  Seven-Story-and-Bssement  Warehouse.  This  was  built  in  Winnipeg, 
Canada,  and  is  50  ft  6  in  by  x  19  ft  9  in  in  plan.  The  floors  are  of  6-in  spruce  with 
%-in  maple  overflooring.  All  floors  are  on  heavy  girders  and  columns;  the- 
elevators  are  in  brick  shafts;  and  the  walls  are  of  brick,  except  the  first  story 
front  wall,  which  is  of  cut  stone.  The  floors  are  designed  to  carry  300  lb  per 
sq  ft,  live  load.  The  cost  of  the  biiilding,  exclusive  of  the  heating,  elevators, 
etc.,  was  $1.46  per  sq  ft. 

A  Three-Story-and-Basement  Warehouse.  This  wa6  built  in  Winnipeg, 
Canada,  and  is  62  ft  6  in  by  86  ft  6  in  in  plan.  Heavy  fir  timbers  were  usea  for 
framing.  It  has  a  6-in  fir-plank  solid  floor  with  %-in  maple  overflooring; 
stairs  and  elevators  in  brick  towers;  brick  wall^  with  the  openings  in  the  rear 
and  sides  of  the  building  protected.  The  floors  were  designed  to  carry  a  live 
load  of  350  lb  per  sq  ft,  and  the  cnst  of  the  building,  excluding  the  heating,  etc., 
was|x.4ipersqft. 

A  Warehottse.  This  is  a  six-story-and-basement  building,  erected  in  Saska- 
toon, Canada,  and  is  50  by  112  ft  in  plan.  The  floors  are  of  6-in  fir,  with%-in 
maple  overflooring,  and  are  supported  by  heavy  fir  timbers.  The  building  has 
brick  waUs  with  a  front  of  pressed  brick  and  cut-stone  trimmings;  some  of  the 
openings  are  protected  by  wire-glass  windows;  and  the  stairs  and  elevators  are  in 
brick  shafts.  The  floors  were  built  to  carry  350  lb  per  sq  ft,  live  load,  and  the 
building  cost,  exclusive  of  the  heating,  elevators^  etc.,  I1.44  per  sq  ft 

A  Five-Story-and-Bssement  Warehouse.  This  was  built  in  Edmonton, 
Canada,  and  is  50  by  137  ft  in  plan.  The  floors  are  of  6-in  fir  with  %-in  maple 
overflooring.  The  building  has  brick  walls  and  the  front  and  one  side  wall 
are  faced  with  pressed  bricks  with  stone  trimmings.  It  has  the  openings  in 
the  rear  wall  protected  and  the  stairs  and  elevators  are  in  brick  shafts.  The 
walk  are  Strang  enough  for  two  additional  stories  and  the  floors  are  designed 
to  carry  350  lb,  live  load,  per  sq  ft  The  cost  of  the  building,  exclusive  of 
heating,  elevators,  etc.  was  lx.54  per  sq  ft. 

The  Cost  of  Buildings  of  Mill-Construction  in  Vancouver,  Canada. 
The  building  described  in  the  following  paragraph  was  designed  by  Dalton  & 
Eveleigh,  Vancouver,  Canada,  who  give  data  of  a  warehouse  with  floors  designed 
to  carry  an  average  load  of  500  lb  per  sq  ft  and  costing  $1 .09  per  sq  ft.  Although 
the  heaviest  timbers  and  the  heaviest  wall-hangers  and  beam-hangers  were 
used,  and  the  floors  built  of  the  maximum  thickness,  the  cost  was  extremely 
low.  This  no  doubt  was  partly  due  to  the  proximity  of  the  timber  and  the 
facilities  for  transporting  it  by  water. 

A  Warehouse  for  the  Storage  of  Heavy  Hardware.  This  was  erected 
in  Vancouver,  Canada.  The  main  building  has  four  stories  and  a  basement, 
and  is  85  ft  6  in  by  1x5  ft  6  m  in  plan.  The  office-wing  has  four  stories  and  a 
basement  and  ^  60  hy  40  ft.  There  is,  also,  a  four-story  and  half-length-base- 
ment building,  38  by  lao  ft,  connecting  with  the  two  upper  stories  of  the  main 
buOding  by  means  of  a  steel  bridge  40  ft  long.  The  walls  above  the  basement 
are  of  hard-burned  brick  and  the  concrete  basement  walls  and  floors  are  treated 
with  hydrolite.  The  main  girders  are  set  23  ft  on  centers  and  vary  in  section 
from  12  by  x6  in  to  18  by  24  in  and  are  all  one-piece  sticks.    The  posts,  set  xi  ft 

Digitized  by  VjOOQIC 


808  Wooden  Mill  and  Waiehouae-Constructioa       Chap.  22 

xo  in  on  centers,  vary  from  la  by  la  in  in  one  piece,  to  ao  by  38  in,  in  three 
pieces.  The  jobts,  set  4  ft  on  centers,  vary  from  8  by  16  in  to  16  by  24  in  in  one 
piece.  The  floors  are  made  of  4  by  6-in  and  4  by  4-in  pieces,  laid  solid,  with 
top  flooring  made  of  2  by  6-in,  edge-grain,  tongued  and  grooved  pieces,  with 
two  layers  of  asbestos  between,  weighing  xoV^  ounces  per  sq  ft.  AH  the  tim- 
bers are  of  fir.  There  are  three  brick-enclosed  elevators  with  fire-doors,  and 
one  elevator  in  a  wooden  shaft,  built  "solid"  of  3-in  thick  pieces.  The  office- 
front  is  of  pressed  brick,  and  has  plate  glass,  marble  steps  and  copper  trim. 
The  windows  are  glazed  with  wire-glass  in  metal  frames,  and  there  are  fire- 
doors  on  the  outer  door-openings.  The  roof  is  made  of  a  6-ply  composition  with 
a  gravel  coating.  The  live  bad  used  for  the  floors  varied  from  i  000  lb  per 
sq  ft  on  the  ground  floor  to  250  lb  on  the  top  floor,  the  average  live  load  being 
500  lb  per  sq  ft.  The  walls  and  posts  were  designed  to  carry  two  additional 
stories,  with  a  live^load  of  225  lb  per  sq  ft.  The  cost  of  the  building,  exdxisive 
of  the  heating  and  office  and  warehouse-fixtures,  was  $1 .09  per  sq  ft. 

22.  Cost*  of  Brick  MOl-Buildlngi  of  Slow-Bnmhic  Constmctioii 

Approximate  Cost  of  Brick  Mffi-Buildings.  Mr.  C.  T.  Mainf  has  made  a 
series  of  diagrams  showing  the  cost  in  New  England,  in  19 10,  per  square  toot 
OF  FLOOR  SPACE,  of  BRICK  Ifux-BUILOINGS  of  different  sizes,  from  one  to  six 
stories  in  height,  and  of  the  type  known  as  slow-burning.  The  calculations 
are  made  for  total  floor-loads  of  about  75  lb  per  sq  ft.  The  figures  taken  from 
the  diagrams  are  given  on  the  following  page.  The  costs  include  ordinary 
foundations  and  plumbing,  but  no  heating,  qirinklers  or  lighting. 

Modifications  of  the  Costs  given  in  Table  I:  (t)  If  the  soil  is  poor  or  the 
conditions  of  the  site  are  such  as  to  require  more  than  ordinary  foundations, 
the  cost  will  be  increased. 

(2)  If  the  building  is  to  be  used  for  ordinary  storage^purposes  with  bw  stories 
and  no  overflooring,  the  cost  will  be  decreased  from  i^ut  10%  for  laige, 
low  buildings  to  25%  for  small,  high  ones,  about  20%  being  usually  .a  fair 
allowance. 

(3)  If  the  building  is  to  be  used  for  manufacturing  and  is  substantially  built 
of  wood,  the  cost  will  be  decreased  from  about  6%  for  large,  one-story  bidldings 
to  33%  for  small,  high  buildings;  15%  would  usually  be  a  fair  allowance. 

(4)  If  the  building  is  to  be  used  for  storage  and  built  with  low  stories  and  sub- 
stantially of  wood,  the  cost  will  be  decreased  from  13%  for  large,  one-story 
buildings  to  50%  for  small,  high  buildmgs;  30%  would  usually  be  a  fair  allow- 
ance. 

(5)  If  the  total  floor-loads  are  more  than  75  lb  per  sq  ft  the  cost  is 
increased. 

(6)  For  office-buildings,  the  cost  must  be  increased  to  cover  the  exterior 
architectural  treatment  and  the  interior  finish. 

(7)  Reinforced-concrete  buildings,  designed  to  carry  floor-k>ads  of  100  lb  or 
less  per  sq  f t  will  cost  about  25%  more  than  those  of  the  slow-burning  type 
of  mill-construction. 

*  For  cost  of  reinforced-coiicrete  mills,  warehouses,  etc,  see  pages  1532  and  1538. 
t  Engiiieering  News,  January  37,  1910^ 
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Table  I.    Coit  of  Brick  MIO-Bafldliigs  p«r  SqiMM  Foot  of  Flooc^Aroft 


Length  in  ft 

SO 

100 

ISO 

aoo 

aso 

300 

350 

400 

500 

Width  in  ft 

One  story                                                             | 

2S 

$1.90 

I1.66 

$1.58 

$1.54 

li.SX 

1X49 

$1.48 

$1.47 

$1.46 

SO 

x.sa 

I.J9 

x.ax 

I.x8 

X.16 

I,X5 

X.X4 

X.X3 

I.X3 

75 

X.4I 

x.az 

x.xa 

1.08 

X.06 

1.04 

1.03 

x.oa 

x.oa 

las 

1.3a 

X.09 

x.oa 

0.98 

0.96 

0.94 

0.94 

0.93 

0.9a 

Two  stories 

as 

a.oo 

1.62 

1.5a 

1.47 

1.44 

1. 41 

1.39 

1.38 

1.36 

50 

X.SO 

x.ai 

1. 13 

x.09 

1.06 

1.05 

X.04 

X.Q3 

1.08 

75 

1.34 

1.08 

x.ox 

0.97 

0.94 

0.9a 

0.9a 

0.91 

0.90 

125 

1.2a 

0.97 

0.90 

0.86 

0.84 

0.8a 

0.81 

0.80 

0.86 

Thfec  stories                                                     | 

as 

1.98 

1.57 

1.47 

x.4a 

1.39 

1.38 

1.36 

135 

X.34 

so 

1.47 

1.17 

1.07 

1.03 

x.ox 

x.oo 

0.98 

0.98 

0.98 

75 

1.30 

X.QS 

0.98 

0.94 

0.91 

0.89 

0.88 

0.87 

0.86 

las 

1.18 

0.93 

0.86 

0.83 

0.80 

0.78 

0.77 

0.76 

0.76 

Four  stories                                                        | 

V 

a.oo 

X.6K 

X.SO 

1. 45 

x.4a 

1.40 

1.38 

1.37 

1.36 

SO 

1.38 

X.I7 

I.XO 

x.os 

x.oa 

I.OO 

I.OO 

0.99 

0.98 

75 

1.3a 

X.08 

0.97 

0.93 

0.90 

0.88 

0.88 

0.87 

0.87 

laS 

i.ao 

0.93 

0.85 

0.8k 

0.78 

0.77 

0.76 

0.75 

0.74 

Six  stories                                                           1 

25 

a.  10 

x.7a 

1.57 

x.si 

1.48 

X.46 

X.44 

1.43 

1.4a 

50 

1-53 

x.ax 

x.xa 

X.08 

x.os 

1.04 

1.03 

x.oa 

x.oa 

75 

135 

1.08 

0.98 

0.94 

0.9a 

0.90 

0.89 

0.88 

0.86 

laS 

1.2a 

0.96 

0.86 

0.8a 

0.79 

0.78 

0.77 

0.76 

0.76 

The  COST  m  sqoars  rooT  of  a  building  xoo  ft  wide  is  about  midway  between  that 
of  one  75  ft  wide  and  one  125  ft  wide;  and  the  cost  of  a  five-story  building  about  mid- 
way between  the  costs  of  a  four-stoiy  and  a  six-story  building. 

Additionil  Data  for  estimating  costs  of  foundation-walls  and  other  walls 
are  given  in  the  foUowing  table: 

Tahto  n.    Coat  of  Walla  in  Brick  MOI-Baildincs  of  Stow-Bnmlag  Constmction 


Number  of  stories 


Foundations,  including  excavations 
Cost  per  fin  ft: 

Outside  walls 

Inside  walls 

Brick  walls 
Cost  per  sq  ft  of  surface: 

Outside  walls 

Inside  walls 


Sa.oo 
75 


0.40 
0.40 


$3.90 
a. as 


0.44 
0.40 


I3.80 
a. 80 


0.47 
0.40 


I4.70 
3.40 


0.50 
0.43 


$S.6o 
3.90 


0.53 
0.4s 


S6.50 
4.50 


0.57 
0.47 


UoogT 


810  Wooden  Mill  and  Warehouse-Construction       Chap.   22 

Coltiitins,  including  piers  and  castings,  cost  about  $15  each. 

Assumed  Height  of  Stories:  From  ground  to  first  floor,  3  ft.  Buildings 
95  ft  wide,  stories  13  ft  high;  50  ft  wide,  14  ft  high;  75  ft  wide,  15  ft  bish; 
zoo  ft  and  125  ft  wide,  16  ft  high. 

Cost  of  Floors:  33  cts  per  sq  ft  of  gross  floor-space^  not  including  oolumns; 
38  cts,  including  columns. 

Cost  of  Roof:  35  cts  per  sq  ft,  not  including  coliunns;  30  cts»  indadizi^ 
columns.    Roof  to  project  18  in  on  all  sides  of  buildings. 

Stairways,  including  partitions,  $xoo  each  flight.  Include  two  stairways  and 
one  elevator-tower  for  buildings  up  to  150  ft  long;  two  stairways  and  two  eleva- 
tor-towers for  buildings  up  to  300  ft  long.  In  buildings  over  two  stories  in 
height,  three  stairways  and  three  elevator-towers  for  buildings  over  300  ft  lonc^. 

Plumbing  Fixtures.  In  buildings  of  more  than  two  stories  figure  $75  for 
each  fixture,  including  the  piping  and  partitions.  Allow  for  two  fixtures  on 
each  floor  up  to  5  000  sq  ft  of  floor-space,  and  one  fixture  for  each  additional 
^  000  sq  ft,  or  fraction  thereof,  of  floor-space. 
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CHAPTER  XXIII 

FmEPBOOFma  of^buildings 

By 
RUDOLPll  P.  MILLER 

SUPBSIMTEMDENT  OF  BUILDINGS,  BOKOUGH  07  MANHATTAN,  NEW  YORK  Cmr 

1.  Deflnitioiis,  Areas,  Heights  and  Costs 

Definitions.  The  tenn  fire-pboof,  while  now  quite  well  understood  by 
architects,  is  still  used  in  a  very  broad  sense  by  the  public.  To  be  strict)^ 
hre-pro<^,  a  building  must  be  constructed  and  finished  entirely  with  incom- 
bustible materials,  and  any  of  these  materials,  such  as  steel  or  iron,  which  are 
injuriously  affected  by  heat  or  streams  of  water  must  be  efficiently  protected 
by  other  materials  which  are  not  so  affected.  This  precludes  the  use  of  wood, 
whether  exposed  or  not  exposed,  also  all  exposed  steel  or  iron,  common  glass 
and  most  building  stones.  It  is  safe  to  say  that  there  are  very  few  buildings 
in  tliis  country  that  are  absolutely  fibe-proof.  There  are  many,  however, 
that  could  not  be  destroyed  by  fire,  and  in  which  the  salvage  would  probably 
amount  to  from  60  to  80%;  and  it  is  the  letter  class  which. is  generally  meant 
when  the  term  fire-proof  is  used.  Incombustible  buildings,  and  buildings  of 
wooden  construction  protected  to  a  greater  or  less  degree  from  the  flames,  are 
sometimes  advertised  as  fire-proof;  but  such  buildings  should  be  considered 
merely  as  slow-bubning.  It  is  undoubtedly  the  duty  of  every  architect  to  be 
well  informed  concerning  the  fire-proof  qualities  of  all  materials  that  enter 
into  the  construction  and  finishing  of  buildings,  and  to  know  how  to  Use  these 
materials  to  the  best  advantage.  His  choice  and  use  of  materials  is  then  limited 
only  by  the  character  of  the  building  and  the  interests  of  his  clients.  It  is 
intended  to  furnish  this  information  in  a  concise  manner  in  this  chapter. 

Monidpsl  Definitions.  Municipal  definitions  as  to  what  constitutes  fibe- 
PBOOiF  coNSiBUcnoN  have  a  great  bearing  on  the  construction  of  buildings 
within  their  jurisdiction,  and  those  of  the  two  largest  cities  are  therefore 
quoted. 

Chicago  Definition.*  "The  term  fibe-pboof  constbuction  shall  apply  to 
all  buildings  in  which  aU  parts  that  carry  weights  or  resist  strains,!  and  also  all 
exterior  walls  and  all  interior  waUs  and  all  interior  partitions  and  all  stairways 
and  all  elevator  enclosures  are  made  entirely  of  incombustible  material,  and  in 
which  all  metallic  structural  members  are  protected  against  the  effects  of  fire 
by  coverings  of  a  material  which  shall  be  entirely  incombustible,  and  a  slow  heat 
conductor,  and  hereinafter  termed  fibe-pboof  icaterial.  Reinforced  concrete 
as  defined  in  this  ordinance  shall  be  considered  fire-proof  construction. 

"The  materials  which  shall  be  considered  as  filling  the  conditions  of  fire- 
proof covering  are:  First,  burned  brick;  second,  tiles  of  burned  day;  third, 
approved  cement  concrete;  fourth,  terra-cotta." 

*  Qkioted  matter  b  left  in  its  original  form.    The  editor-in-chief  is  not  itesponaible  for 
its  qrdtax,  punctuation,  etc 
t  Stieaaes  are  meanL 
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New  York  Definition.  Buildings  required  to  be  fixe-pxoof  shall  be 
''constructed  with  walls  of  brick,  stone,  Portland  cement  concrete,  iron  or  steel, 
in  which  wood  beams  or  lintels  shall  not  be  placed,  and  in  which  the  floors  and 
roofs  shall  be  of  materiak  provided  for  in  Section  xo6  of  this  Code.  The  stairs 
and  staircase  landings  shall  be  built  entirely  of  brick,  stone,  Portland  cement 
concrete,  iron  or  steel.  No  woodwork  or  other  inflammable  material  shall  be 
used  in  any  of  the  partitions,  furrings,  or  ceilings  in  any  such  flre-proof  buildings 
excepting,  however,  that  when  the  height  of  the  building  does  not  exceed  twelve 
stories  nor  more  than  150  feet,  the  doors  and  windows  and  their  frames,  the 
trims,  the  casings,  the  interior  finish  when  filled  solid  at  the  back  with  fire-proof 
material,  and  the  floor-boards  and  sleepers  directly  thereunder,  may  be  of  wood, 
but  the  space  between  the  sleepers  shall  be  solidly  filled  with  fire-proof  materials 
and  extend  up  to  the  underside  of  the  floor-boards. 

"When  the  height  of  a  fire-proof  building  exceeds  twelve  stories,  or  more  than 
150  feet,  the  floor  surfaces  shall  be  of  stone  cement,. rock  asphalt,  tiling,  or 
similar  incombustible  material,  or  the  sleepers  and  floors  may  be  of  wood  treated 
by  some  process  approved  by  the  Board  of  Buildings,  to  render  the  same  fire- 
proof. All  outside  window  frames  and  sash  shall  be  of  metal,  or  of  wood  cov- 
ered with  metal.  The  inside  window-frames  and  sash,  doors,  trim,  and  other 
interior  finish  may  be  of  wood  covered  with  metal,  or  of  wood  treated  by  some 
process  approved  by  the  Board  of  Buildings  to  render  the  same  fire-proof." 

Section  106  of  the  Code  refers  to  fire-proof  floors.  These  may  be  constructed 
of  brick,  tile,  cement-concrete,  and,  in  fact,  of  any  material  that  will  success- 
fully pass  the  tests  prescribed  by  the  Code.  Before  any  floor-construction 
other  than  brick  or  tile  will  be  passed  by  the  department,  however,  it  must  be 
tested  for  strength  and  fire-resistance  under  very  rigid  conditions,  and  the  con- 
struction must  stand  the  test  successfully.* 

When  Fire-proof  Constmction  Should  be  Employed.  A  building  should 
be  designed,  built,  and  finished  to  confonn  to  the  purpose  for  which  it  is  to  be 
used.  A  building  containing  but  little  inflammable  material,  and  that  not  of 
great  value,  need  not  be  as  thoroughly  fire-proof  as  one  designed  for  the  storage 
of  valuable  goods,  or  for  the  protection  of  life  in  case  of.  fire.  The  height  of  a 
building  is  an  important  factor  in  determining  whether  it  should  be  fire-proof 
or  not.  The  rate  of  increase  in  the  difficulty  of  coping  with  fire  in  a  building 
is  greater  than  that  of  the  increase  in  the  height.  The  area  covered  by  a  build- 
ing, also,  is  important,  although  in  most  instances  interior  division-walls  may 
be  iMovided  which  practically  cut  up  a  building  into  a  series  of  smaller  buildings. 
Some  of  the  limitations  placed  upon  non-fire-proof  buildings  by  various  munici- 
pal laws  will  be  found  in  the  foUowing  classification  and  in  Table  I,  page  812. 

XAmmng  Areas  for  Non-Flre-proof  Buildings 
New  York  City,    8  000  sq  ft  on  an  interior  lot. 
12  500  sq  ft  on  a  comer. 
22  000  sq  ft  when  fadng  three  streets. 
Chicago,  111.,         9  000  sq  ft  if  of  ordinary  joisted  construction. 

12  000  sq  ft  if  of  slow-burning  construction. 
St.  Loms,  Mo.,      7  500  sq  ft. 
Boston,  Mass.,      5  000  sq  ft 
Cleveland,  Ohio,  Mill-Construction: 

20  000  sq  ft  when  facing  streets  on  four  sides. 
15  000  sq  ft  when  facing  streets  on  three  sides. 
12  000  sq  ft  when  facing  streets  on  two  sides. 
9  000  sq  ft  when  facing  streets  on  one  side. 
5  000  sq  ft  on  any  lot  when  of  hazardous  occupancy. 

•  See  page  827.  Digitized  by  VjOOQIC 
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ClevdaDd,  Ohio,  Ordinary  Constnictioo: 

13  500  sq  ft  when  facing  streets  on  four  sides. 
10  000  sq  ft  when  facing  streets  on  three  sides. 

7  500  sq  ft  when  facing  streets  on  two  sides. 

5  000  sq  ft  when  fadng  streets  on  one  side. 

2  000  sq  ft  on  any  lot  when  of  hazardous  occupancy. 

Cost  of  Fire-proof  Constmctioii.  F.  W.  FitzpAtrick  6aid9  that  fin-prool 
construction  for  office-buildings,  hotels,  etc,  adds  from  9  to  13%  to  the  cost 
of  ordinary  construction  with  wooden  jobts.  For  stores  and  warehouses  the 
difference  will  often  be  less  than  5%*  Walter  F.  Ballinger  states  that  reinforced- 
concrete  construction  costs  from  10  to  15%  more  per  square  foot  of  floor-surface 
than  mill-construction  and  about  35%  less  than  steiel>frame  and  tem-cotta 
fire-proof  oonstniction.t  Figures  given  by  J.  P.  H.  Petry  indicate  tJhat  rein- 
forced-concrete  construction  adds  from  a  to  20%  to  the  cost  of  mill-oonstruc- 
tion  for  commercial  buildings,  with  an  average  of  6.7%  for  various  localities 
and  all  classes  of  buildings  in  the  United  States.  The  increase  in  cost  of  struc- 
tural-steel fire-proof  construction  over  reinforced-concrete  construction  aver- 
aged 6.4%  for  fourteen  buildings  of  all  dasaes  in  various  localities.) 

Divitioiu  of  the  Subject.  In  constructing  fire-proof  buildings  it  is  neces- 
sary to  consider: 

(i)  Materials  to  be  used. 
(3)  Form  of  construction. 

(3)  Protecting  devices. 

(4)  Extinguishing  appliances. 

This  general  order  is  followed  in  the  disaission  of  the  subject  in  this  chapter. 

2,  Fire-Reeiataaee  of  Materiala 

Effect  of  Heat  on  Building  Materials.  All  materials  of  construction  are 
more  or  less  injuriously  affected  by  high  temperatures.  Furthermore,  an  in- 
combustible material  is  not  necessarily  firk-kesisting,  as,  for  instance,  steel. 
The  value  of  various  materials  in  fire-proof  construction  is  indicated  in  the 
following  paragraphs. 

Brickwork.  Conunon  brickworl;,  when  of  a  good  quality,  will  stand  exposure 
to  fire  for  a  considerable  length  of  time,  but  in  a  severe  conflagration  the  heated 
side  of  a  wall  expands,  often  to  the  point  of  throwing  the  wall,  and  the  bricks 
crack,  shell,  and  are  sometimes  melted.  Experience  has  shown  thfit  thick  walls 
are  less  affected  by  heat  than  thin  walls,  and  that  hard-burned  bricks  stand 
better  than  soft  or  under-burned  bricks.  In  buildings  which  are  to  contain 
large  quantities  of  inflammable  material  it  is  tmdoubtedly  better  to  line  the 
walls  with  porous  furring-tile  or  hollow  brick.  In  the  Baltimore  and  San 
Francisco  fires,  it  was  demonstrated  that  for  outside  walls  brick  is  superior  as 
a  fire-proof  material  to  any  other  material  used  in  wall-coostruction. 

Stone  in  General.  Very  few  stones  successfully  stand  the  action  of  severe 
heat,  and  consequently  stone  in  general  should  be  used  very  spazi^igly  in  fire- 
proof buildings,  and  certain  kinds  of  stone  not  at  all. 

Granite  will  explode  and  fly  to  pieces  or  disintegrate  into  sand  when  exposed 
to  flames. 

•  "Fireproof*'  for  March,  June  and  July,  1903. 
t  Proc.  Nat.  Fire  Prot.  Aaso.,  1909. 
I  Proc.  Nat.  Aaso.  Cement  Users,  i^xu 
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limestoiae  tad  MarUe  are  usually  ruined  if  not  totally  destroyed  by  an 
ordinary  fire.  They  are  the  least  desirable  of  all  stones  for  use  in  a  fire-proof 
building,  and  the  granites  come  next. 

SaAdstone  when  fine-grained  and  compact  sometimes  stands  fire  without 
serious,  injury,  but  in  the  case  of  a  severe  conflagration  it  is  generally  so  badly 
affected  that  it  has  to  be  replaced. 

Terra-Cotta  is  made  from  clay  by  mixing  it  with  water  into  a  plastic  mass, 
shaping  the  same  into  the  form  desired  and  baking  it  at  a  high  temperature  in 
kilns.  For  the  usual  structural  form  the  shaping  is  generally  done  by  forcing 
the  pUstic  mass  through  a  special  die  by  means  of  machinery.  Ornamental 
terra-cotta  must  generally  be  shaped  by  hand. 

Ornamental  Terra-Cotta.  This  material,  and  especially  that  which  has  a 
glazed  surface,  is  well  adapted  for  the  trimmings  of  a  building  that  is  intended 
to  be  fire-proof.  It  should,  however,  be  made  heavy  enough  to  carry  both  its 
own  weight  and  its  share  of  the  wall-load.* 

Structural  Terra-Cotta.  Terra-cotta,  as  used  for  floor-arches,  column  and 
girder-protection,  and  for  building  light,  hollow  walls,  is  made  of  three  differ- 
ent compositions,  the  material  being  known  as  Dense,  Porous,  and  Semi- 
POROIJS,  according  to  the  method  of  manufacture. 

Dense  Tiling  is  made  from  a  variety  of  days.  Some  manufacturers  use 
more  or  less  fire-clay,  and  combine  it  with  potter's  clay,  plastic  clays,  or  tough 
brick-clay.  It  is  very  dense  and  possesses  high  crushing  strength.  In  outer 
walls  exposed  to  the  weather  and  required  to  be  light,  it  is  very  desirable.  Some 
manufacturers  furnish  it  with  a  semiglazed  surface  for  the  outer  walls  of  build- 
ings.  For  such  use  it  has  great  durability,  and  effectually  stops  moisture.  In 
using  dense  tiling  for  fire-proof  filling,  care  should  be  taken  that  the  tiles  are 
free  from  cracks,  sound  and  hard-bumed. 

Poroua  and  Semiporous  Terra-Cotta  is  made  by  mixing  sawdust  with  the 
day,  the  sawdust  being  destroyed  by  the  action  of  the  heat,  leaving  the  material 
light  and  porous.  A  small  proportion  of  fire-clay  mixed  with  the  plastic  clay 
is  desirable  but  not  essential.  The  proportion  of  sawdust  should  be  from 
25  to  35%,  according  to  the  toughness  of  the  clay  used.  Care  is  required  in 
the  process  of  manufacture  to  have  the  work  of  mixing,  drying  and  burning 
thoroughly  done.  The  burning  should  be  done  in  down-draught  kilns  by  a 
qxnck  process.  The  product  should  be  compact,  tough  and  hard,  and  should 
ring  when  struck  with  metal.  Poorly-mixed,  pressed,  or  burned  tiles,  or  tiles 
from  short  or  sandy  days,  present  a  ragged,  soft,  and  crumbly  appearance,  and 
are  not  desirable.  When  properly  made,  porous  terra-cotta  will  not  crack  or 
break  from  unequal  heating,  or  from  being  suddenly  cooled  with  water  when  in 
a  heated  condition.  It  can  be  cut  with  a  saw  or  edge-tools,  and  nails  or  screws 
can  be  easily  driven  into  it  to  secure  interior  finish,  slates,  tiles,  etc.  As  a 
successful  heat-resistant  and  non-conductor  for  the  protection  of  other  materials, 
it  must  be  ranked  very  high. 

Semiporous  Tiling.  This  material  was  introduced  by  those  factories  which 
use  pure  fire^Jay  in  the  manufacture  of  tile,  to  enable  them  to  compete  with 
the  standard  porous  material.  During  the  process  of  grinding  the  clay,  about 
3o%  of  ground  coal  is  mixed  with  it.  This  coal  aids  in  the  burning  of  the 
material  and  also  makes  it  lighter  and  more  or  less  porous.  Tiling  made  by 
this  process  is  admitted  to  be  a  much  better  fire-resistant  than  the  solid  or 
dense  material.    £.  V.  Johnson  says:   "personally,  I  believe  that  good  semi- 
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porous  fire-day  tile  is  fully  as  efficient  as  a  fire-resisting  material  as  the  standard 
makes  of  porous  terra-cotta. " 

Strength  of  Terra-Cotta.  (See,  also,  page  276.)  In  tests  made  at  Columbia 
University  for  the  building  authorities  of  New  York  City  on  tcrra-ootta  blocks 
taken  from  material  delivered  in  the  open  market,  the  following  crushing 
STRENGTH  was  developed: 

Table  n.    Crushing  Strength  of  Terra-Cotta 


Description  of  material 


Dense  tile 

Semiporoustile.. 


Position  of  cells 
in  test 


Vertical 
Horixontal 


Vertical 
Horitontal 


Compnastve  strength. 
lb  per  sq  in  I 


Gross  area      Net  area 


1864 
58s 

257 


4  7« 
2613 


xooS 


The  inequality  in  strength  of  the  two  materials  can  be  overcome  by  using 
thicker  webs  and  shells  for  the  semi  porous  or  porous  material.  In  the  matter 
of  WEIGHT,  porous  and  semiporous  terra-cot ta  have  the  advantage  over  den»e 
tile.  Dense  tiling,  when  heated  and  cooled  by  water,  is  liable  to  crack  from 
the  sudden  contraction;  "blocks  with  two  or  more  air-spaces  are  very  liable 
to  have  the  outer  webs  destroyed  under  this  action.  Even  if  not  cooled  with 
water,  other  fires  have  shown  that  hard-burned  terra-cotta  will  crack  and  fall 
to  pieces  under  severe  heat  alone."  *  The  exiierience  of  the  recent  conflagr^i- 
tions  In  Baltimore  and  San  Frandsco  fully  bears  out  this  statement.  The 
collapse  of  the  floors  of  one  of  the  buildings  in  Baltimore  was  largely  due  to 
the  weakening  of  th^  terra-cotta  arches  by  reason  of  the  breaking  off  of  the 
outer  shells..  Porous  terra-cotta  is  non-heat-conducting  in  itself,  and  the  best 
qualities  will  usually  resist  fire  and  water  successfully;  but  if  the  product  **is 
not  burned  at  a  sufficiently  high  temperature  to  consume  all  of  the  sawdust,  the 
throwing  of  cold  water  upon  the  heated  surfaces  will  cause  an  expansion  or 
disintegration  due  to  the  absorption  of  the  water  and  its  conversion  into  steam.  '* 
Porous  terra-cotta  absorbs  water  freely,  and  if  allowed  to  freeze  when  wet  is 
more  or  less  injured.  If  the  process  is  permitted  to  continue,  the  blocks  become 
80  weakened  that  they  are  unsafe  for  use. 

Concrete  Blocks  and  Concrete  Tiles.  Numerous  forms  of  building 
blocks  and  tiles  are  manufactured  of  Portland-cement  mortar  or  concrete  for 
use  as  substitutes  for  brick,  stone  and  terra-cotta.  Concrete  blocks  are  made  by 
the  DRY  prcx:ess  by  tamping  a  dry-concrete  mix  into  shape  in  forms,  or  by  the 
WET  process  which  consists  of  pouring  a  semiliquid  or  slush-mix  into  molds  and 
curing  the  product  by  air  or  steam.  Various  types  of  machines  have  been  patented 
for  the  manufacture  of  the  blocks  by  the  former  method,  a  typical  machine 
being  that  of  the  Ideal  Concrete  Machinery  Company  of  South  Bend,  Ind. 
Concrete  hollow  tile  is  being  made  for  the  same  uses  as  terra-cotta  tiling,  for 
partitions  and  floors  in  general,  and  for  enclosure-walls  as  well  as  for  partitions 
in  residences.  For  wall-bearing  purposes,  the  tiles  are  usually  filled  solid  for 
a  layer  or  two  where  the  beams  rest  upon  them.  In  hollow-block  construction, 
distinction  should  always  be  made  between  the  strength  of  the  blocks  nHicn 

*  "Fire  Prevention  and  fire  ProtectioQ,"  J.  IL^^tag. 
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laid  with  the  care-holes  vertical  and  when  laid  with  the  core-holes  horjzoatal, 
as  the  strength,  in  the  latter  position,  approximates  only  one-half  of  what  it  is 
in  the  former.  The  specifications  given  in  the  Proc.  Nat.  Asso.  of  Cement 
Users,  1911,  are  generally  accepted  as  the  best  practice  in  the  manufacture  of 
concrete  blocks.    (See,  also,  Chapter  III,  page  233.) 

Concrete  Tile.  Concrete  building  tiles  have  been  used  extensively  for 
residences  in  Chicago,  111.,  Rochester,  N.  Y.  and  the  suburbs  of  New  York 
City.  The  shape  and  size  of  the  blocks  vary  with  the  make  of  the  product 
Tilecrete,  a  wet-process  tile  made  by  the  Concrete  Products  Company,  of 
New  York  City,  is  in  extensive  use  in  various  parts  of  the  country,  for  enclos- 
ure-walls, interior  partitions  and  combination  concrete-and-tile  floors  of  resi- 
dences. The  COMPRESSIVE  STRENGTH  in  pounds  per  square  inch  of  Tilecrete 
tested  for  the  Bureau  of  Buildings,  New  York  City,  in  19x1  was  as  follows: 


Table  m.    Compreiaive  Strength  of  Tilecrete.* 


ijimensiQDS  and  use 

Cells  vertical 

Cells  horizontal 

Thickness, 
in 

Kind  of  tile 

Number 
of  cells 

Gross 
area,  lb 
persqin 

Net 
area,  lb 
persqin 

Gross 
area,  lb 
persqin 

Net 
area,  lb 
persqin 

8 

10 

10 

13 

1 

WaU-tile 
Wall-tile 
Coraer-tile 
Wall-tile 

2 
2 
2 
4 

633 
510 

X510 
XS80 

IC^O 

320 

351 
'*'3to" 

746 
1228 

1066 

•  Further  hiformation  may  be  obtained  from  the  catalogues  of  the  Concrete 
Prodtacts  Company,  New  York  City;  Chicago  Structural  Tile  Company,  Chicago. 
III.;  Whitmore.  Rauber  and  Vidnus.  Rochester.  N.  Y.;  Concrete  Stone  and  Sand 
Company.  Youngstown,  Ohio. 

Concrete.  Stone  concrete,  under  the  action  of  heat,  is  affected  much  the 
same  way  as  brickwork.  The  heated  surface  expands,  and  as  the  concrete  is 
a  very  poor  conductor,  the  other  surface  remains  cool  and  either  cracks  or 
causes  warping.  Th^  heat  also  affects  the  strength  and  texture  of  the  concrete, 
causing  a  disintegration  of  the  concrete  to  a  depth  of  about  i  in.  Often  the 
surface  spalls  off  with  a  report.  If  water  is  appUed  after  the  heat,  the  surface 
is  washed  away  to  the  depth  of  the  affected  part.  These  effects  vary  somewhat 
with  the  stone  used  in  the  aggregate.  Gravel  and  granite,  on  account  of  the 
difference  between  thdr  coefficient  of  expansion  and  that  of  the  concrete,  are 
likely  to  spall.  Limestone  calcines  imder  the  action  of  heat  and  is  especially 
liable  to  destruction  for  some  depth  by  the  water.  Trap-rock  is  the  most  satis- 
factory material  to  use,  from  the  standpoint  of  Ere-resistance  as  well  as  that 
of  strength.  If  there  is  no  application  of  water  after  the  ffre  and  the  siu-face 
b  allowed  to  cool  off  gradually,  the  concrete  may  set  again  and  become  hard. 
It  is  not  well,  however,  to  rely  on  this.  (See,  also.  Chapter  III,  page  245,  for 
the  effect  of  heat  on  concrete  fireproofing.) 

Stag  Concrete.  Blast-furnace  slag  has  been  used  as  the  aggregate  in  con- 
crete, with  very  satisfactory  results  as  to  both  fire-resistance  and  strength.* 

*  For  a  series  of  tesU  and  description  of  materials,  see  pamphlet  issued  by  the  Carnegie 
Steel  CoaqNUiy,  191X.  "Furnace  Slags  in  Concrete." 
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Cinder  Concrete. ,  Cinder  concrete,  because  of  it^  porous  character  and  the 
nature  of  its  aggregate,  makes  a  most  excellent  fireproofing  material.  Tests 
and  the  experience  of  recent  conflagrations  would  indicate  that  it  is  the  best. 
Care  must,  however,  be  taken  in  the  selection  of  the  cinders.  They  must  be 
dean  f umace^inders,  free  from  particles  of  unburnt  coal,  and  should  be  ground 
by  machinery  before  mixing  for  concrete.  When  properly  selected  and  propor- 
tioned cinders  produce  good  concrete,  but  generally  a  very  non-homogeneous 
material  is  obtained,  so  that  its  strength  is  variable  and  doubtful.  For  this 
reason  in  usmg  cinder  concrete  in  floor-construction  the  working  loads  should 
be  determined  from  load-tests  and  a  high  factoA  or  sapkty  should  be  used. 
The  practice  in  New  York  City  is  to  take  one-tenth  of  the  BREAJCiNG-tX)AD  as 

the  WOAIONG  LOAD. 

Corrosive  Action  of  Cinders.  When  cinder  concrete  is  used  to  encase 
steel,  either  as  a  protective  covering  or  as  a  part  of  a  concrete  construction,  the 
corrosive  effect  of  dnders  must  be  guarded  against.  A  discussion  of  this  sub- 
ject wiU  he  found  in  Chapter  XXIV,  pages  961  and  96a. 

Mortare,  Plftsters  and  Plaster  of  Paris.  Mortar  and  plaster  must  neces- 
sarily enter  int^  the  composition  of  all  masonry  buildings,  whether  built  of 
brick,  stone,  or  terrarcotta;  That  ordinary  lime  mortar,  when  well  made,  ^-ill 
endure  for  unlimited  periods  of  time,  in  dry  situations,  has  been  proved  by 
actual  use.  Hydraulic-cement  mortars  are  equally  durable  in  wet  or  damp 
places.  For  laying  brickwork  or  tilework  in  flrst-dass  buildings,  cement-and- 
sand  mortar  is  preferable  to  any  other;  and  cement  mixed  with  lime  mortar 
gives  greater  strength  than  lime  and  sand  alone.  Regarding  the  fire-proof 
qualities  of  mortars  and  plaster  compositions  there  has  been  much  controversy; 
the  truth  of  the  matter  seems  to  be  that  all  such  compositions  will  withstand 
the  action  of  heat  up  to  a  certain  degree,  when  they  are  affected  in  one  way 
or  another,  depending  not  only  upon  the  composition  but  in  large  measure  upon 
their  body,  and  upon  the  way  in  which  they  are  used.  Lime  mortar  for  walls 
was  formerly  considered  as  the  most  satisfactory,  so  far  as  fire-resistance  is 
concerned;  but  since  the  improvements  in  cement-manufacture,  cement  mtn-tar 
is  generally  preferred.  Lime  plaster,  applied  on  wire  lath,  will  withstand  a  high 
degree  of  heat  without  injury,  but  is  liable  to  be  washed  away  in  places  by 
streams  of  water.  Hard  waU-plasters,  or  patent  plasters,  when  applied  to 
brickwork  or  metal  lath,  are  in  all  caseA  equal  in  heat-resistance  to  common 
lime,  and  many  of  the  patent  plasters  will  stand  the  combined  effects  of  fire 
and  water  longer  than  the  common  mortars. 

Plaster  of  Paris.  Compositions  of  plaster  of  Paris  and  broken  bricks,  wood 
chips,  or  sawdust  are  non-conductors  of  heat  and  possess  fire-resisting  properties 
of  considerable  importance;  and  on  account  of  their  lightness  and  cheapness, 
arc  often  used  in  fire-proof  or  scmifirc-proof  buildings.  In  France  such  com- 
positions have  been  used  for  generations  to  form  ceilings  between  beanu,  and 
thdr  durability  and  fireproofing  qualities  are  unquestioned  in  that  country. 
Plaster-of-Paris  compositions  when  subjected  to  severe  heat  are  softened  on 
the  surface,  and  when  water  is  thrown  upon  them  they  wash  away  to  some 
extent. 

Asbestic  Plaster.  A  plaster  made  by  mixing  Aabestic  with  freshly  slacked 
lime-putty  has  been  used  to  some  extent  in  New  York  City.  Asbestic  is  made 
from  a  serpentine  rock,  mined  near  Montreal,  Canada,  and  contains  a  large 
proportion  of  asbestos.  "Claims  of  great  fire-resisting  properties  are  made  for 
this  material,  as  well  as  resistance  to  the  effects  of  water  during  fire;  cracking 
and  discoloration  due  to  the  percolation  of  water  or  adds  are  also  daimed  to  tie 
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avoided.  The  piaster  is  tough  and  elastic,  and  it  will  receive  nails  without 
chipping  or  cracking.  '  The  weight  is  said  to  be  about  half  that  of  ordinary 
cement  mortar."  Asbestic  was  subjected  to  a  severe  fire-and-water  test  in 
the  presence  of  the  officials  of  the  Supervising  Architect's  office  at  Washington, 
D.  C.,  ''and  the  plaster  did  not  crack  or  drop,  but  remained  intact.  All  of 
the  wallsp  ceilings,  and  columns  of  the  appraiser's  warehouse  in  New  York 
City  were  covered  with  a  coat  of  Asbestic,  from  H  to  H  in  thidc,  applied,  on 
the  concrete  or  terra-cotta  surfaces.  The  great  objection  to  the  use  of  this 
material  lies  in  its  slow  drying,  the  time  required  for  a  thorough  drying  out 
beiog  usually  very  k>ng."  ♦ 

Asbestos  Prodocts.  Asbestos  fiber  combined  with  cement  is  manufactured 
in  the  form  of  steam-packings,  corrugated  sheathings,  roof-<oating8  and  shingles, 
wall-boards  and  buUding-Iumber,  insulating  sheathing  and  blocks,  asbestos 
theater-curtains,  various  forms  of  preservative  and  fire-resisting  compounds, 
and  substitutes  for  wall-plaster  and  stucco.  The  value  of  these  products  lies 
in  their  low  heat-conductivity  and  incombustibility. 

Asbestos  Building-Lumber  is  made  in  standard  sheets,  36  by  48,  42  by  48 
and  42  by  96  in  in  size,  and  varying  in  thickness  from  H  in  (about  i  to  iH  lb 
per  sq  ft  in  weight)  to  2  in  (from  x 6  to  20  lb  per  sq  ft  in  weight).  When  seasoned 
it  is  harder  than  ordinary  wood,  takes  nails  and  screws,  and  it  can  be  manipulated 
with  heavy  tools  and  machinery  such  as  are  used  for  working  iron;  it  is  too  hard 
for  ordinary  wood-working  tools.  It  is  sufficiently  elastic  to  withstand  ordinary 
vibration,  expansion  and  contraction  of  surrounding  parts,  wind-pressure  and 
blows;  and  in  large  pieces,  it  can  be  bent  around  slight  curves  without 
splitting. 

Asbestos  Corrugated  Sheathing  is  corrugated  asbestos  building-lumber, 
reinforced  with  sheet  steel  of  from  No.  24  to  No.  27  United  States  gauge  or  with 
woven-wire  netting.  It  b  applied  in  the  same  way  that  corrugated  iron  is 
applied,  either  nailed  to  wooden  strips  bolted  to  the  purlins,  or  dipped  directly 
to  the  purlins  by  dips  of  hoop-iron  or  wire.  It  comes  in  standard  sheets,  27  Vi  in 
wide  and  in  lengths  of  4,  5,  6,  7,  8  and  10  ft. 

Asbestos  Roofing-Shingles,  suitable  for  wooden-roof  construction,  possess 
fire-resisting  qualities  far  superior  to  wooden  shingles.  The  advantages  claimed 
are  their  fire-proof  qualities,  toughness,  elastidty  and  lightness  in  weight;  ease 
of  manipulation,  cutting,  sawing  and  shaping  to  fit  dormer  windows,  chimneys, 
etc.;  and  their  immunity  from  the  corrosive  action  of  salt  air.  The  prindpal 
companies  manufacturing  asbestos  building-products  are  the  Johns-Manville 
Company,  New  York  City,  the  Keasbey  &  Mattison  Company,  Ambler,  Pa. 
and  the  Asbestos  Manufacturing  Company,  X^chine,  Canada. 

Asbestos-Protected  Metal  consists  of  steel  sheets  of  from  No.  28  to  No.  20 
United  States  gauge,  coated  on  both  sides  with  asphaltum-compounds  contain- 
ing heavy  natural  oils,  and  covered  with  layers  of  asbestos-felt  put  together 
under  great  pressure.  The  sheets  are  made  flat,  corrugated  or  beaded.  It 
forms  an  incombustible  roofing,  siding,  sheathing  and  interior-finish  material. 
It  is  manufactured  in  three  brands:  Duckback,  for  exterior  service,  as  a  pro- 
tection a^inst  moisture  and  corrosive  fumes;  Aspromet,  for  interior  finish,  in 
places  where  fire-resistance  is  the  important  factor;  and  Special  Interior  Finish, 
to  be  painted  or  enameled.  The  manufacture  of  this  product  is  controlled  by 
the  Asbestos  Protected  Metal  Company,  Canton,  Mass.  The  standard  sizes 
are  as  follows: 


'  Freitag. 


y  Google 


820  Fireproofing  of  Buildings  Chap.  23 

Plat  sheets.  30  by  xaoin;  30  by  96  in;  Nos.  a8  to  ao,  U.  S.  gauce; 

GuTUgated.  sH^in  oorrugations,  26  by  Z2oin;  a6  by  96  in;  • 

Clapboard-siding.  a6  by  60  in;  5-in  face;  Nos.  28  to  22,  U.  S.  gauge; 

Interior-finish  sheets,  in  sizes  up  to  30  by  144  in. 

Steel  and  Wrooght  Iron.  Wrought  iron  and  steel  will  expand,  bend  and 
twist  under  a  moderate  degree  of  heat.  Inasmuch  as  a  temperature  of  i  700**  F. 
is  not  unusual  in  fires,  these  materials  should  not  be  used  in  fire-proof  con- 
struction without  proper  protection.  Fire-tests  at  the  Continental  Iron  Works 
in  1896  showed  that  unprotected  steel  columns  under  load  began  to  fail  when 
the  temperature  reached  about  i  100°  F.*  In  the  Baltimore  and  San  Francisco 
fires  there  were  many  instances  of  failure  in  steel  columns  due  to  lack  of  or  to 
insufficient  protection. 

Cast  Iron.  "As  the  result  of  tests  and  actual  experience  in  conflagrations 
it  may  be  stated  that  unprotected  cast  iron  can  stand  practically  unharmed  up 
to  temperatures  of  i  300  or  i  500®  F.  while  carrying  very  heavy  loads  even  with 
frequent  applications  of  cold  water  while  the  metal  is  at  a  red  heat."t  In  the 
tests  at  the  Continental  Iron  Works,  referred  to  in  the  preceding  paragraph,  a 
temperature  of  nearly  i  300°  F.  was  reached  before  the  cast-iron  columns  began  to 
fail.  The  contents  of  most  mercantile  buildings,  when  burning  freely,  would 
probably  generate  a  heat  exceeding  at  times  2  000°  F.  Consequently,  cast-iron 
columns,  when  unprotected,  are  almost  sure  to  fail  in  such  a  fire  either  by  bend- 
ing or  breaking.  No  building  in  which  unprotected  iron  or  steel  columns  are 
used  can  be  considered  fire-proof;  but  in  many  classes  of  buildings  unprotected 
cast-iron  columns  might  safely  withstand  any  heat  to  which  they  would  probably 
be  exposed.  From  a  fire- residing  point  of  view,  when  there  is  no  protective 
covering,  cast-iron  columns  are  unquestionably  preferable  to  steel  columns. 

Fire-proof  Wood.  To  meet  the  requirements  of  certain  provisions  of  the 
New  York  City  Building  Code,  an  attempt  has  been  made  to  produce  fire-proof 
wood.  The  processes  for  rendering  wood  fire-proof,  in  general,  consist  in  im- 
pregnating its  fibers  with  certain  chemicals.  After  the  fireproofing-process, 
the  lumber  should  be  thoroughly  kiln-dried  before  it  is  used.  The  softwoods 
are  more  easily  thoroughly  treated  than  the  hardwoods,  the  resinous  woods 
being  particularly  difficult  to  handle. 

"The  treatment  of  the  wood  to  render  it  fire-proof  slightly  raises  the  igniting- 
point  of  the  wood.  The  treated  wood  is  harder  to  light  than  the  untreated 
wood,  taking  two  to  three  times  as  long  to  ignite.  The  amount  of  wood  destroyed 
when  exposed  to  the  action  of  a  flame  is  from  5  to  i  a  per  cent  greater  in  the 
case  of  an  untreated  wood  than  in  the  case  of  a  treated  wood.  The  untreated 
wood  furnished  more  flame  than  the  treated  wood.  The  untreated  wood  will 
sustain  flame  longer  than  the  treated  wood  after  the  source  of  heat  has  been 
removed.  From  this  it  can  be  seen  that  the  fire-proofed  wood  is  less  likely 
to  ignite  and  less  likely  to  cause  the  spread  of  fire  than  the  untreated  wood."t 

Among  the  disadvantages  of  fire-proof  wood  should  be  mentioned  an  increased 
difficulty  in  working  the  wood,  and  a  tendency  to  dull  woodworking-tools  more 
rapidly  than  with  untreated  wood.  Hence  an  increased  cost  in  the  use  of  fire- 
proof wood.  Professor  Woolson  estimates  this  increase  to  be  from  $35  to  $6$ 
per  thousand  feet,  the  hardwoods  costing  the  most.  The  salts  used  in  the  proc- 
ess of  fireproofing  being  hygroscopic,  tend  to  keep  the  woodwork  damp.  Hard- 
ware or  other  metalwork  in  contact  with  fire-proofed  wood  is  liable  to  corrode. 

*  See  Engineering  News,  Aug.  6,  1896. 
t  Freitag. 

X  See  Insurance  Engineering,  Vol.  IV,  page  551;  also  Professor  Norton's  Report 
No.  I  to  the  Boston  Manufacturers'  Mutual  Fire  Insurance  Company. 
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The  strength  of  the  wood  is  often  a£Fected,  and  in  some  cases  the  wood  beoomeB 
quite  brittle.  These  fwo  last-mentioned  faults  can  be  hugely  overcome  by 
neutzalizing  the  fireproofing-solutioo  by  a  proper  mixture  of  add  and  alkaline 
salts. 

The  test,  known  as  the  timber-test,  applied  to  fire-proof  wood  in  New  York 
City,  consists  in  placing  a  stick  of  the  treated  wood,  M  by  zH  in  in  cross-section 
and  8  in  in  length,  for  two  minutes  over  a  crucible  gas-furnace  in  which  a  con- 
stant temperature  of  x  700°  F.  is  maintained;  then  removing  the  test-piece, 
noting  the  time  it  continues  to  flame  and  glow;  and  then  scraping  away  the 
charred  wood  and  determining  the  percentage  of  unbumed  wood.  The  con- 
ditions of  acceptance  are  that,  "  the  flame'  and  glow  should  disappear  within 
ten  to  twenty  seconds  after  the  removal  of  the  test-piece  from  the  furnace,  and 
the  unbumed  and  uncharred  section  at  the  center  of  the  specimen  should  be 
not  less  than  50  to  70  per  cent  of  the  original  cross-section,  depending  on  the 
variety  of  wood  under  test."  If  the  woo4  has  been  thoroughly  treated,  a 
splinter  of  it  after  having  been  exposed  to  flame  and  withdrawn,  will  show 
no  glow  or  flame.  Other  tests  have  been  suggested  and  used  but  need  not  be 
described  here.  At  the  present  time  fire-proof  treatment  of  wood  is  being 
carried  on  by  The  Standard  Wood  Treating  Company  and  the  Electric  Fire- 
proofing  Company,  both  of  New  York  City. 

Wlre-Glast.  The  mtroduction  of  this  material  has  made  it  possible  to 
secure  fire-protection  in  many  cases,  without  the  necessity  of  disfigurement  due 
to  fire-shutters.  Wire-glass  is  either  ribbed,  rougb,  maze,  cobweb  or  pousheo 
PLATE  with  wire  embedded  in  its  center  during  the  process  of  manufacture. 

"The  temperature  at  which  the  wire  is  embedded  in  the  glass  insures  ad- 
hesion between  the  metallic  netting  and  the  glass,  and  the  two  materials  become 
one  and  inseparable,  so  that  if  the  glass  is  broken  by  shock,  by  intense  heat,  or 
from  other  cause,  it  remains  intact."  It  is  this  property  of  remaining  intact 
that  gives  it  its  fire-retarding  qualities.  Although  fire  and  water  may  cause 
cracks  to  spread  throughout  the  glass  the  wire  holds  the  pieces  so  firmly  that 
flames  cannot  pass  through  it.  Many  severe  tests  during  actual  fires  have 
positively  demonstrated  the  truth  of  the  above  claim.  For  warehouses  and 
factories  the  ribbed  or  maze  glass  is  generally  preferable;  but  for  offices,  or 
wherever  clear  transparent  glass  is  desired,  the  pousued  plate  is  nearly  if 
not  quite  as  acceptable  as  the  same  glass  without  the  wire,  the  effect  being  the 
same  as  that  obtained  by  looking  through  a  window  with  a  screen  on  the  out- 
side. Where  fire-resistance  is  the  desired  feature,  the  following  requirements 
should  be  satisfied.  The  thickness  of  the  plate  at  the  thinnest  part  should 
be  not  less  than  H  in,  and  the  pkine  of  the  wire  mesh  should  be  midway  between 
the  two  suriaces  of  the  glass.  No  wire  should  be  smaller  than  No.  24  Brown 
and  Sharpe  gauge.  The  imsupported  surface  of  the  glass  should  not  exceed 
720  sq  in  in  any  case  and  should  be  contained  in  a  metal  frame  not  larger  than 
5  by  9  ft  between  supports.  The  chief  manufacturers  of  wire-glass  in  this  coun- 
try are  the  Pennsylvania  Wire  Glass  Company,  Philadelphia,  Pa.  and  the  Mis- 
sissippi Wire  Glau  Company,  New  Yoric  City.  As  now  manufactured  by  the 
continuous  process,  it  is  rolled  m  lengths  up  to  about  10  ft  and  in  thicknesses 
up  to  Vi  in. 

Prism  GUm.  Prisms  installed  for  the  purposes  of  increased  light  are  usu- 
ally pot  contained  in  frames  which  are  designed  to  withstand  severe  heat. 
The  dimensions  of  the  unsupported  electro-glazed  panel  should  not  exceed 
50  in  in  either  direction.  The  polished  plate  in  prism -glass  units  should  not 
exceed  4  in  in  either  direction,  with  a  minimum  thickness  of  ^«  in.  In  Report 
No.  IX  of  the  Insurance  Engineering  Experiment  Station,  C.  L.  Norton  describes 
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a  series  of  oompanitiTe  fire-tests  oa  dectro-glaced  Ltixfer  prisiia»  0.35  in  thick 
and  4  in  square;  electro-glazed  plate,  H  in  thick  and  4  in  square;  and  H-in  wire- 
glass.  The  results  of  these  tests  indicate  that  the  three  materia h  in  sheets  up 
to  24  by  30  in,  are  of  equal  value  in  fike-kesistant  pkopekties  and  remain 
in  effective  operation  up  to  the  time  when  the  tempeiature  of  melting  ^ass  is 
reached.    (See,  also,  page  1492.) 

Fire-proof  Paint.  Numerous  so-called  rse-proof  paints  have  been  intro- 
duced in  recent  years.  When  applied  to  woodwork  they  provide  a  more  or  less 
effective  protection  against  6re  and  may,  for  this  reason,  prevent  the  spread  of 
fire.  The  Bureau  of  Buildings  of  New  York  City  makes  the  following  regula- 
tions regarding  fire-proof  paint: 

"(1)  The  tcnn  fire-pkoof  paint  shall  be  tmderstood  to  mean  any  prepara- 
tion used  to  cover  the  surfaces  of  wood  or  other  materials  for  the  purpose  of 
protecting  the  same  against  ignition. 

"(3)  No  fire-proof  paint  will  be  considered  satisfactory  unless  it  so  protects 
the  wood  or  other  material  to  which  it  is  applied  that  the  same  will  not  flame 
or  gbw  after  having  been  subjected  to  the  flame  of  a  gasoline  torch  for  two 
minutes. 

"(3)  Before  applying  fire-proof  paint  to  any  material  the  surfaces  must  be 
cleaned. 

"(4)  Application  of  fire-proof  paint  must  be  repeated  whenever  It  is  found 
that  the  material  to  which  it  is  applied  is  no  longer  protected  to  fulfill  Specifi- 
cation No.  2."* 


1.   Column-Protection 

Girder  and  Column-Protection.  As  the  columns  and  girdcis  of  a  building 
form  the  back-bonk  of  the  structure,  it  is  of  vital  importance  that  they  be  very 
thoroughly  protected  from  heat.  As  a  rule,  the  manner  of  protecting  these 
structural  elements  depends  quite  largely  upon  the  floor-system  adopted. 
Where  concrete  is  used  for  the  floor-construction  it  is  generally  also  employed 
for  incasing  the  columns  and  girders;  where  hollow  tile  is  used  in  the  floors, 
thc»>ame  material  is  almost  invariably  employed  for  protecting  the  steel  frame. 
The  methods  used  for  protecting  girders  are  described  in  Subdivision  4,  pages 
863  to  866,  of  this  chapter.     (See,  also,  pages  780  to  78a-) 

Necastity  for  Colomn-Protectioii.  It  is  now  generally  reoogniccd  that 
iron  and  steel  columns  should  be  incased  with  some  material  that  will  thor- 
oughly protect  the  metal  against  fire.  In  1896  a  committee  of  the  American 
Society  of  Mechanical  Engineers,  in  conjunction  with  representatives  from  other 
organizations,  made  a  series  of  fire-tests  on  full-sized  unprotected  cast-iron,  and 
steel  columns,  loaded  to  their  figured  safe  capacities.  These  tests  showed  that 
the  steel  columns  failed  at  an  average  temperature  of  t  150*"  F.,  and  the  cast- 
imn  columns  at  an  average  temperature  of  i  300^  F.,  the  failure  setting  in  after 
an  exposure  to  the  fire  of  from  23  minutes  to  i  hour  and  20  minutes,  or  an 
average  duration  of  about  50  minutes.  In  order  to  determine  the  value  of 
several  materials  as  satisfactory  protective  coverings,  the  Bureau  of  Buildings 
of  New  York  City  made  a  scries  of  tests  on  the  HKAT-coNDircTiviTY  of  these 
materials.  A  aist-iron  plate  covered  with  the  material  under  test  was  subjected 
to  a  temperature  of  i  700"  F.  for  two  hours  over  a  crucible  furnace,  and  the 
heat  of  the  plate  noted  at  regular  intervals  of  time.  The  results  of  the  tests  are 
shown  in  the  following  table: 


•  Annual  Report,  1904. 
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Column-Protection 
Tible  IV.    Tetts  of  ProtectiTe  Coveiiiist 


Materials  under  test 

Temp, 
on  face 
of  pro- 
tective 
material, 
degrees 
Fahr. 

Temperaturfe  of  plate  at 

back  of  protective  material, 

degrees  Pahr. 

Before 
heating 

After 
heating 
forahr 

Heat- 
trans- 
mission 

Terra-cotta:  dense,  hollow,  2  in  thick. . 

Teira-cotta:     scmiporous,  solid,  2  in 

thick 

1700 

1  700 

I  700 
1  700 

1700 

1  700 

1700 

I  700 

IS 
73 

69 

70 

73 
73 
66 

76 

223 

• 
244 

IS9 
163 

167 

363 

248 

296 

148 

171 

90 
93 

95 

290 

182 

218 

Plaster  of  Paris  and  shavings,  2  in 
thick 

Plaster  of  Paris  and  asbestos.  2  in  thick . 

Plaster  of  Paris,  wood  fibers,  and  in- 

fosorial  earth,  2  in  thick 

Concrete  of  grotind  cinders,  iMc  in 
thick 

Cinder  concrete,  on  metal  lath,  a  in 
thick 

Metal  lath  and  patent  plaster,  about 
H  in  thick  over  i  in  air-space 

T.C. 


Fig.  2.    Hollow-tile  Protection. 
Cylindrical  Column 


Blocks  set  in  cemrat  mort«r,  octMAaaaXijf 
in  additiott.  jboond  with  copper  vrire  at  inter- 
THboClV 


Fig.  1.    Hollow-tile  Protection. 
Column 


Plate-and-angle 


Fig.  i.    Ribbed-tile  Protection. 
Cylindrical  Column 


Terra-Ciotte  Column-Protection.  Fig.  1  shows  the  manner  in  which  built- 
up  coluitins  art  protected  in  the  best  class  of  fire-proof  buildings  when  tile  fire- 
proofing  is  used.    Figs.  2,  3  and  4  show  common  methods  of  protecting  cylin<^ 
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drical  columns,  and  Figs.  5  and  6  columns  of  rectangular  cross-section.  The 
steel  guard,  shown  in  Fig.  1,  is  often  employed  in  mercantile  and  manufacturing 
buildings,  and  put  on  to  a  height  of  4  or  5  ft  above  the  floor.  The  efficiency  of 
this  construction  is  greatly  increased  by  wrapping  the  columns  with  wire  lath 
before  plastering,  although  it  is  not  a  common  practice.  To  insure  the  protec- 
tion of  the  metal  under  the  most  trying  conditions,  it  is  imperative  that  the 


Fig.  4.  Solid-tile  Pro- 
tectioii.  Cylindrical 
Column 


Fig.  5.    HoUow-tUe  Protec- 
tion. Built-up  Box  Column 


Fig.  6.  HoUow-tile  Pro- 
tection. Square  Column- 
section 


protective  covering  shall  not  be  detached  by  the  streams  from  the  firemen's 
hose,  and  thus  expose  the  steel.  This  can  be  positively  guarded  against  only 
by  using  two  layers  of  tiling  or  concrete  and  wrapping  the  inner  layer  with 
metal  lathing.  Fig.  7  shows  a  column  protected  in  this  way,  the  construction 
being  essentially  that  adopted  in  the  Fair  Building  in  Chicago,  IlL  The 
inner  layer  of  tiles  is  wrap^jied  with  wire  lath  embedded  in  the  mortar,  and  all 

spaces  between  the  tiles 
and  metal  are  filled 
solid  with  cement  mor- 
tor. 

Concrete  Column- 
Protection.  Where 
concrete  is  to  be  used 
for  column-protection, 
the  way  to  obtain  the 
most  efficient  construc- 
tion is  undoubtedly  to 
surround  the  metal  with 
cinder  concrete,  poured 
,  inside  of  a  plank  form 
set  aroimd  the  column, 
a  coat  of  liquid  cement 
being  first  applied  with 
a  brush  to  the  metal. 
Ffg.  7.    Double-tik  and  MeCal-Iath  Column-protectioo        The  plank  form  should 

be  set  at  least  2  in  out- 
side of  the  metal.  It  is  generally  conceded  that  this  forms  one  of  the  most 
efficient  fire-casings  for  columns,  and,  in  addition,  lends  added  stiffness  to  the  steel 
members  embedded  in  it.  It  is  advisable  to  reinforce  the  concrete  or  anchor  it  by 
means  of  metal  lath  to  the  steel  column.  There  are  two  general  methods  in 
use  in  applying  the  concrete.  Fig.  8  illustrates  a  column  which  b  first  wrapped 
spirally  with  No.  10  gauge  galvanized  wire,  12  in  on  centers,  to  afford  a  key 
for  the  concrete.  The  wood  forms  are  plductd  the  full  length  of  the  column, 
•and  the  concrete  poured  from  a  hole  in  the  ceiling  above.    A  slush-mixture  of 
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other  cinder  or  stone  ooncreteof  1:2:5  oux  may  be  used.  Fig.  9  shows  a  form 
of  rough  boards,  made  in  sections  from  4  to  6  ft  in  length  and  provided  with 
yokes  at  each  end.    The  concrete  may  be  thoroughly  tamped  about  the  column 


#!•  Oalr.  8Uel  Wb*  Loop* 


Wood  Form,  Full  Column 

Fig.  8.    Concrete  Coluran>pn>tection        Fig.    9.     Concrete    Column-protection   and 
and  Wooden  Form  Wooden  Form 

as  each  section  is  placed  and  filled.  Fig.  10  shows  a  method  of  furring  the 
column  with  stiffened  ydn  lath,  which  serves  as  a  substitute  for  the  wooden 
forms  and  at  the  same  time  anchors  the  concrete  to  the  steel.    A  similar 


yprying 


Fig.  10.     Coocrete  Cdunm-protection.       Fig.  11.    Metal-lath  and  Plaster  Column-pro- 
Wire-lath  Furring  tection 

method  may  be  employed  to  obtain  an  air-space  by  placing  immediately 
around  the  column  an  envelope  of  metal  lath  with  a  2-in  layer  of  concrete. 
In  many  buildings  with  reinforced  concrete  floors,  the  columns  are  protected 
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simply  by  plaster  on  metal  lath.  When  only  a  single  covering  is  provided, 
the  protection  cannot  properly  be  considered  hre-proof;  but  when  two  cover- 
ings are  provided,  as  in  Fig.  11,  they  are  probably  all  that  b  necessary  for 
cast-iron  colunmS.  The  greatest  defect  in  lath  and  plaster  for  fireproofing  is 
that  the  plaster  is  liable  to  be  dislodged  by  the  force  of  the  water  from  the 
firemen's  hose.  When  there  are  two  coverings,  however,  this  danger  is  reduced 
to  a  minimum.     (See,  also.  Chapter  XXII,  Figs.  23,  24  and  25.) 

Plaster  Column-Covering.  Plaster-blocks  have  been  used  in  buildings  as 
a  colimm-covering,  but  their  use  b  not  to  be  reconunended.  While  it  is  true 
that  their  non-conductivitv  is  in  their  favor,  it  is  difficult  to  secure  them 
firmly,  and  the  plaster  tends  to  promote  corrosion  in  the  metal.  They  are 
easily  washed  away  by  hose-streams  and  subject  to  greater  damage  than  other 
materials.    In  unimportant  work  their  cheapness  may,  at  times,  justify  their  use. 

Protection  of  Connections  between  Columns  and  Girders.  The  most 
defective  parts  of  the  coverings  of  columns,  whatever  the  materiab  used,  are 
probably  those  about  the  connections  with  the  beams  and  girders.  Concrete 
undoubtedly  is  better  adapted  for  covering  these  parts  of  the  colunm  than  any 
other  material,  because,  being  elastic,  it  can  be  made  to  fit  into  any  space 
and  around  any  form  of  connection. 

The  Cement-Gun.  During  recent  yeare,  a  new  method  of ,  protecting 
structural  steel  by  means  of  the  cement-gun  has  been  introduced.  This  gun 
oonsbts  essentially  of  two  superimposed  tanks,  forming  two  compartments. 


I 
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Fig.   12.    Tile  Column-protection   with   Pipe-      Fig.    13.    Concrete   Column-protec- 
space  tion  with  Pipe-space 

from  the  bottom  of  which  a  dry  mixture  of  sand  and  cement  is  ejected  by  com- 
pressed air  through  a  hose-line  with  a  nozzle  at  the  end.  To  this  nozzle  a  smaller 
hose  delivers  "a  supply  of  water  under  pressure,  which  is  applied  to  the  dry  con- 
stituents just  before  they  emerge  from  the  nozzle.  The  mortar  issuing  in  the 
form  of  a  spray  shoots  out  from  the  nozzle  with  considerable  force  and  im- 
pinges on  the  surface  of  the  steelwork.  The  columns  of  the  fifty-five-story 
Woolworth  Building  in  New  York  City  are  provided  with  a  ij^-in  coating  of 
cement  mortar  applied  in  this  way,  and  coated  on  the  outside  with  a  2-in 
thickness  of  terra-ootta.  The  steelwork,  also,  of  the  new  Grand  Central  Ter- 
minal buildings  in  New  York  City  are  protected  with  a  2-in  coat  of  cement 
mortar  or  Gunnite.  By  this  means,  inaccessible  comers  are  readily  protected 
without  the  use  of  forms.  Tests  have  shown  that  Gunnite  is  sui^erior  in  tensile 
and  compressive  strength,  permeability,  absorption,  porosity  and  adhesion  to 
good  hand-made  products  of  the  same  kind.* 

*  Engiopering  News,  191a,  Vol.  67,  page  26;  and  VoL  68,  page  xo86. 
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Recesses  for  Pipes.  "As  a  matter  of  economy,  both  in  original  cost  and 
in  the  matter  of  space,  it  has  been  the  common  practice  to  run  water-pipes, 
wastet-pipes  and  vent-pipes  immediately  alongside  the  steel  ooliunns  and  inside 
the  fire>resisting  covering."*  This  is  undoubtedly  bad  construction,  as  Freitag 
illustrates  by  explaining  its  disastrous  results  in  recent  conflagrations;  and  in 
the  better  types  of  fire-proof  buildings,  the  pipe-space  is  now  separated  from  the 
columns  by  the  fireproofing.  Fig.  12  shows  a  method  of  running  the  pipes 
in  some  fire-proof  buildings,  and  it  is  probably  as  satisfactory  as  any  arrange- 
ment in  which  the  pipes  are  to  be  run  beside  the  columns.  Fig.  13  shows  a 
somewhat  similar  method  in  which  concrete,  metal  lath  and  plaster  are  em- 
ployed for  the  fireproofing.    (See,  also,  pa^e  782J 

4.  Fire-proof  Floor-Censtmetioa 

Fire-proof  Floors.  In  the  study  of  fireproofing-materiab  by  far  the  great- 
est attention  has  been  given  to  floor-construction;  and  of  the  very  large 
number  of  types  which  have  been  developed,  the  characteristic  and  leading 
ones  are  here  considered. 

Requirements  for  a  Fire-proof  Floor.  It  goes  without  saying  that  a  fire- 
proof floor  must  be  made  of  incombustible  materials.  It  seems  unnecessary, 
also,  to  mention  that  it  must  resist  as  much  as  possible  the  transmission  of 
heat,  90  as  to  afford  thorough  protection  to  the  metal  incased  by  it  or  forming 
an  essential  part  of  it.  The  materials  used  should  not  disintegrate  or  otherwise 
fail  when  exposed  to  heat  or  flame.  They  should  also  resist  the  action  of  water 
that  may  be  used  to  extinguish  a  fire.  The  floor-construction  should  be  essen- 
tially water-tight,  so  as  to  prevent  damage  by  water  in  stories  below.  It  should 
be  designed  to  safely  carry  its  load  at  all  times.  The  New  York  City  Building 
Law,  after  describing  certain  acceptable  forms  of  fire-proof  floors,  provides  for 
a  fire-test  on  other  types  as  a  precedent  condition  for  their  approval.  More 
than  seventy  tests  have  been  made  under  the  auspices  of  the  New  York  City 
authorities  and  these,  together  with  a  few  made  by  the  authorities  of  other  cities, 
comprise  practically  all  that  have  been  made  in  this  country.  The  British 
Fire-Prevention  Committee  of  London  has  also  made  a  number  of  such 
tests-t 

Fire-Tests  for  Floors.  The  standakp  fike-test  of  the  American  Society 
for  Testing  MateriabJ  is  essentially  the  same  as  that  required  by  the  New 
York  City  Building  Code  and  as  the  one  used  by  the  British  Fire  Prevention 
Committee.  Briefly,  the  test  consists  in  subjecting  the  floor  in  question,  carry- 
ing a  load  of  150  lb  per  sq  ft,  to  a  fire  maintained  at  i  700^  F.  for  four  hours; 
then  in  applying  a  stream  of  water,  at  60-Ib  noszl«-pressure,  for  ten  minutes; 
and  finally,  after  cooling,  in  increasing  the  load  on  the  floor  to  600  lb  per  sq  ft. 
The  conditions  of  acceptance  are  that  "  no  fire  or  smoke  shall  pass  through  the 
floor  during  the  fire-test,  the  floor  must  safely  sustain  the  loads  prescribed,  and 
the  permanent  deflection  must  not  exceed  H  in  for  each  foot  of  span  in  either 
slab  or  beam. " 

Types  of  Floor-Constmctions.  In  considering  the  several  systems  of  floor- 
construction,  they  are  for  convenience  divided  into  the  following  tjrpes  or 
groups: 

•  fire  Prevcnti<Mi  and  Fire  Protection,  J.  K.  Freitag,  page  374. 
t  For  a  Ust  of  these  tests  made  in  the  United  States  and  in  London,  see  Proc  Am. 
Soc.  ior  Test.  Mats..  Vol.  VI,  page  xi8. 
X  See  Year  Book,  Am.  Soc  Test,  MaU. 
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(i)  Brick  arches, 

(2)  Tcrra-cotta  or  Tile  floors: 

a.  Segmental, 

b.  Flat  side-construction, 

c.  Flat  end-construction, 

d.  Serrated, 

e.  Reinforced-tile  arches, 
/.    Guastavino, 

(3)  Concrete  floors: 

a.  Segmental, 

b.  Flat  reinforced  floors, 

c.  Sectional  systems, 

(4)  Composition  systems. 

Brick  Floor-Arches.  The  first  attempt  at  fire-proof  floor-construction 
between  wrought-iron  beams  was  made  by  using  brick  arches  sprung  between 
the  beams  and  resting  on  the  bottom  flanges,  as  illustrated  by  Fig.  14.    When 


-4-uLL^i^jji  Mill  \.jjjj^x^ 


Fig.  14.    Brick  Floor-arch 

this  form  of  construction  is  used  the  bricks  should  be  hard,  well-burned 
bricks  or  hollow  bricks  of  good  shape,  laid  to  a  line  on  centers  without  mortar, 
with  their  lower  edges  touching;  and  all  the  joints  should  be  filled  in  with 
cement  grout.  The  bricks  of  one  line  should  break  joints  with  those  of  the  next 
adjoining,  and  in  case  there  is  more  than  one  row,  the  joints  of  one  row  should 

Finished  FloOT^ 


Fig.  15.    Brick  Floof-arch.    Government  Printing  Office,  Washington,  D.  C. 

also  break  joint  with  those  of  the  row  above  or  below.  The  arches  need  not 
be  over  4  in  thick  for  spans  between  6  and  8  ft,  provided  the  haunches  are  filled 
with  a  good  cement  and  gravel  concrete,  put  in  rather  wet.  The  rise  of  the 
arch  should  be  about  one-eighth  the  span,  or  iVi  in  to  the  foot;  and  the 
most  desirable  span  is  between  4  and  6  ft.  The  building  laws  of  nuuiy  dtics 
provide  that  when  the  spans  exceed  s  ft  the  arches  must  be  increased  in  thick- 
ness, generally  to  8  in.    The  haui^cues  should  be  filled  with  concrete,  level 
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with  the  top  of  the  arch.  In  first-class  fire-proof  construction  the  bottom 
flanges  of  the  beams  should  be  protected  by  terra-ootta  skew-backs»  as  in 
Fig.  15  which  shows  the  oonatntction  used  for  the  floors  of  the  prindpal  stories 
of  the  Government  Printing  Office  at  Washington,  D.  C*  A  4-in  brick  arch 
of  6-ft  span,  well  grouted  and  leveled  off  with  Portland-cement  concrete,  should 
safely  carry  300  or  400  lb  to  the  square  foot.  Experiments  have  shown  that 
bridL  arches  will  stand  very  severe  pounding  and  a  great  amount  of  deflection 
without  failure.  The  weight  of  a  floor,  such  as  is  shown  in  Fig.  14,  is  about 
40  lb  per  sq  ft,  without  the  concrete  fill  or  finish.  Tie-rods,  as  described  on 
page  871,  should  always  be  provided.  The  brick  arch  is  the  strongest  type  of 
arch  €or  the  span  it  occupies,  with  the  exception,  perhaps,  of  the  stone-concrete 
arch.  It  is  perhaps,  also,  the  most  expensive.  Its  weight  necessitates  a  heavier 
framework  than  is  required  for  other  types;  and,  on  account  of  its  appearance, 
it  is  adapted  only  to  buildings  of  the  warehouse  type. 

Terra-Cotta  or  Tile  Floor-Archet.  Terra-cotta  or  the  as  a  fire-proof 
material  and  the  relative  merit  of  dense,  porous  and  semiporous  tile  have  been 
discussed  on  page  815.  For  floor-construction  the  semiporous  tile  is  probably 
the  best  as  it  is  a  compromise  between  the  advantages  and  disadvantages  of  the 
dense  and  porous  tile,  particularly  as  to  strength  and  fire-resistance.  As  indi- 
cated on  page  828,  six  different  tyx>es  of  terra-cotta  floor-construction,  including 
a  larger  number  of  systems,  will  be  discussed.  For  these  a  great  variety  of 
slu4)es  and  sizes  of  blocks,  of  the  dense,  porous  and  semiporous  material,  are 
manufactured  in  this  country.  The  largest  company  devoted  to  the  manu- 
facture and  erection  of  hoUow-tile  fireproofing-material  is  the  National  Fire 
Proofing  Company,  New  York  and  Chicago.  Other  large  companies  are  Henry 
Maurer  &  Son,  New  York;  the  Haydenville  Company,  Haydenville,  Ohio; 
the  Delaware  Fire-proofing  Company,  Delaware,  Ohio;  and  the  Illinois  Terra- 
Cotta  Lumber  Company,  Chicago.  Any  one  of  these  companies  can  make 
any  form  of  blocks  desired,  except  such  as  are  covered  by  letters-patent,  and, 
as  a  rule,  they  can  make  them  in  dense,  porous  and  semiporous  material. 

AdTtntaget  of  Tile  Floor-Archet.  Many  architects  prefer  the  use^of 
TERRA-COTTA  ARCHES  in  buildings  because  the  setting  of  them  causes  less  dis- 
turbance to  the  mechanics  of  other  branches  of  the  construction.  During  the 
placing  of  concrete  arches  the  continual  dripping  of  water  and  bits  of  con- 
crete interferes  seriously  with  other  work.  The  work  of  installing  tile  arches 
is  generally  more  rapid  than  for  other  typies  and  it  is  not  necessary  to  wait  for 
them  to  dry  out.  The  quality  of  terra'^otta  can  be  readily  judged  from  its 
appearance,  not  only  before  it  is  put  in  place  but  also  after  it  is  set.  Thus  it 
does  not  require  the  constant  supervision  necessary  for  materials  that  are  mixed 
as  they  are  put  m  place. 

Disadvantages  of  Tile  Floor-Arches.  The  principal  disadvantage  of 
tile  arches  for  floor-construction  b  the  difficulty  of  adapting  any  system  to 
the  filling  of  irregular-shaped  spaces.  The  arches  must  be  set  between  I  beams 
or  channels,  and  to  get  the  best  effect  the  supporting  beams  must  be  parallel  or 
nearly  so.  Tile  arches,  especially  of  the  end-constructions,  are  weakened 
more  by  holes  for  pipes  than  are  the  monolithic  floors.  As  there  is  no  bond 
between  the  rows  of  tiles  in  the  endconstruction  arch,  if  a  single  tile  in  a  row 
is  cut  out  or  omitted,  there  is  nothing  to  hold  up  the  remaining  tiles  in  the  row 
except  the  adhesion  of  the  mortar  in  the  side  joints.  In  .this  respect  side- 
method  arches  have  an  advantage  over  the  end-construction.    Where  it  is 

*  A  description  of  the  structural  features  of  this  building  may  be  found  in  the  Engineer- 
ing Reoocd  for  Dec  6,  xQoa. 
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necessary  to  use  oonaiderable  ooncrete  filling  over  the  arch  the  weight  of  the 
floor-coQstruction  will  usually  greatly  exceed  that  of  the  concrete  qrstems,  and 
this  additional  weight  means,  also,  additional  expense.  The  floor-hlocks  are 
liable  to  breakage  and  chipped  blocks  in  the  floor  are  not  unusual.  This  is 
pethaps  more  apt  to  occur  when,  as  in  some  localities,  the  arches  are  set  by 
bricklayers.  The  manufacturers  daim  that  when  they  use  their  own  men, 
better  work  can  be  expected. 

Inspection  of  Floor-Arches.  Flat  arches  of  hollow  tile  require  dose  ihsfec- 
nON  during  erection  to  see  that  broken  or  imperfect  tiles  are  not  used;  that 
the  libs  in  end-construction  tiles  abut  opposite  each  other;  that  all  joints 
are  properly  mortared  and  that  all  of  the  steelwork  is  properly  protected.  M  uch 
poor  workmanship  has  been  allowed  to  pass  in  order  to  avoid  delay,  and  also 
because  it  cannot  be  discovered  until  the  centering  is  removed.  A  tile  arch 
generally  looks  better  on  the  top  surface  than  it  does  on  the  bottom.* 

Setting  of  Tile  ftoor-Arches.  Tile  arches  are  always  set  on  wooden 
CENTEiis  suspended  by  bolts  hooked  over  the  tops  of  the  1  beams.  For  all  spans 
of  5  ft  and  over,  the  centers  should  be  slightly  cakbered.  Before  any  floor- 
arches  arc  set,  all  girders  projecting  below  floor-beams  should  be  completely 
covered  on  the  bottom  and  sides,  independently  of  the  floor-construction.  To 
protect  the  steel  from  rust  it  should  have  a  good  coat  of  Portland-cement  mortar 
before  the  tiles  are  applied.  After  the  centers  are  in  place  the  beam- tiles  should 
be  placed  \mder  the  bottom  of  the  beams  and  mortar  slushed  on  the  sides.  The 
entire  sides  of  the  skew-backs  which  rest  against  the  floor-beams  should  then 
be  covered  with  jxist  enough  mortar  to  give  them  a  perfect  bearing,  and  shoved 
up  against  the  beams.  After  this,  the  intermediate  blocks,  with  their  ribs 
on  one  end  and  one  side  covered  with  a  full  bed  of  mortar,  should  be  shoved 
into  place.  The  keys  should  have  mortar  on  both  sides  and  one  end,  if  side- 
METBOD  KEYS  are  used  and  they  should  fit  snugly,  but  not  tight.  "  Under  no  con- 
ditions should  a  key  be  rammed  in  place.  It  is  better  to  use  a  smaller  key  and  fill 
out  the  space  left  with  dther  a  solid  slab  of  tile,  or,  if  the  opening  is  too  small, 
with  a  piece  of  slate. "  t  "In  setting  tile  arches  it  is  very  common  to  build  the 
arches  in  STRiNG-coiTRSES,  first  fitting  all  the  skews,  then  all  the  intermediates, 
and  finally  all  the  keys.  This  is  bad  practice,  as  it  loads  the  center,  both  planks 
and  stringers,  to  excess,  causing  too  great  a  deflection.  In  the  end-conbtruc- 
TiON  the  arches  should  be  built  one  by  one,  each  bdng  complete  before  the 
n^  is  started.  In  side-construction,  where  joints  are  broken  longitudi- 
nally, the  arches  should  be  keyed  up  or  completed  at  the  first  point  where  the 
intermediates  meet  the  lines  of  the  key,  thus  completing  the  successive  ardies 
as  rapidly  as  possible. "  t  All  joints  in  the  arches  should  be  filled  with  mortar, 
espedally  at  the  top. 

Wetting  the  Floor*Tilee.  In  warm  weather  all  hollow  tiles,  whether  dense 
or  porous,  should  be  well  wet  or  water-soaked  before  laying.  In  freezing  weather 
they  must  be  kept  dry. 

Mortar  for  Setting  Floor-Tilet.  ''Mortar  for  setting  porous  hollow  tile 
should  never  be  made  of  cement  and  sand  alone,  as  such  mortar  is  too  short, 
rolls  off  the  tile,  and  does  not  insure  a  full  joint.  '*  §  A  good  mortar  is  made 
by  mixing  the  cement  and  sand  in  the  proportion  of  1:3,  and  adding  cold 
lime  putty  to  the  extent  of  10%  of  the  cement-content.  The  mortar  should  he 
thoroughly  worked.    Hot  lime  mortar  should  never  be  used.    In  dry  weather 

*  The  careless  workmanship  possible  in  the  setting  of  tile  arches  was  dearly  set  forth 
in  an  article  in  Engineering  News,  April  14,  XS98. 
t  E.  A.  Hoeppner.  %  Frdtag.  f  E.  A  Hoeppocr. 
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the  centers  can  be  removed  in  36  hours  after  the  tiles  are  in  place,  but  it  is 
much  better  to  allow  48  hours  and  even  longer  in  cold  or  wet  weather. 

Fining  above  Tile  Floor-Arches.  The  strength  of  all  tile  arches  is  greatly 
'ncreased  by  wetting  their  top  surface  and  covering  it  with  a  rich  dnder  con- 
crete, mixed  with  Portland  cement,  well  tamped  and  brought  level  with  the 
tops  of  the  steel  beams.  If  the  floors  are  to  be  finished  in  wood,  nailing-strips 
are  required  to  secitfe  the  flooring.  These  nailing-strips  are  usually  dovetail- 
shape  in  cross-section,  about  2^  in  wide  at  the  top,  sl^ii  in  at  the  bottom  and 
from  1^4  to  2  in  thick.  It  is  preferable  to  lay  them  at  right-angles  to  the  steel 
beams,  so  that  th^  may  be  secured  to  the  top  flanges  by  metal  clips,  as  in  Fig.  16. 


Fig.  16.    Segmental  TUe  Floor-aich 

Before  the  nailing-strips  are  laid,  all  piping  and  wiring  which  must  go  above 
or  through  the  tile  ardies  should  be  put  in  place.  After  the  nailing-strips  are 
in  place  the  tops  of  the  steel  beams  should  be  covered  with  a  thin  coat  of  Port- 
land-cement-and-sand  grout,  applied  with  a  brush.  The  spaces  between  the 
nailing-strips  should  be  filled  with  a  i  :  8  or  1  :  10  dnder  concrete,  finished 
about  H  in  bebw  the  tops  of  the  strips.  Some  architects  claim  better  results 
with  strips  of  rectangular  section,  with  naib  driven  horizontally  into  the  ver- 
tical sides  to  form  the  grip  in  the  concrete.  This  method  avoids  the  loosening 
of  the  strips  and  flooring  from  any  shrinkage  of  the  strips. 

Tile  Fflling-Blocks.  In  cases  where  the  tops  of  the  tile  arches  are  2  in  or 
more  below  the  tops  of  the  steel  beams,  hollow  tile  blocks  are  sometimes  used 
for  filling  to  the  top  of  the  teams,  as  in  Fig.  26.  These  blocks  are  lighter  than 
good  concrete,  but  they  do  not  strengthen  the  arches. 

Cement  Floors.  If  the  floors  are  to  be  finished  with  cement,  the  cement  and 
concrete  should  be  at  least  2^  in  and  preferably  3  in  thick  above  the  steel  beams, 
and  du>uld  be  blocked  out  in  sections  of  not  over  6  ft  square,  with  joints  extend- 
ing through  the  concrete.  When  practicable  the  joints  in  one  direction  shoukl 
be  over  the  beams. 

Wetfher-Protectioii.  Tcrra-ootta  arches  should  always  be  protected  against 
rain  or  snow,  espedally  in  freeang  weather,  as  both  the  blocks  and  the  mortar 
in  the  joints  are  injured  by  freezing.  Porous  terra-cotta,  espedally,  may  be 
utterly  ruined  by  freezing  when  soaked  with  water. 

Protectioii  of  Ceilings  from  Stains.  "If  plastered  ceilings  are  to  be  used, 
the  terra-ootta  work  should  be  protected  against  the  smoke  or  soot  from  the 
hoisting  engines.  Stains  are  also  quite  liable  to  occur  from  the  effects  of  iron 
in  the  day,  or  from  the  dnders  in  the  concrete  over  the  arches,  if  the  floor  is 
aUowed  to  become  wet,"  *  To  prevent  these  stains  several  kinds  of  hydraulic 
paints  have  been  used,  some  of  which  have  proved  very  effective. 

•  Frdtag. 
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Segmental  Tile  Floor-Arches.  "This  form  of  arch  is  the  strongest  an4 
cheapest.  It  is  particularly  adapted  to  warehouses,  lofts,  factories,  sidewalksj 
or  wherever  great  strength  is  required  and  a  flat  ceiling  is  not  necessary.  Whcq 
a  light,  strong  arch  is  required  in  deep  beams  and  a  flat  ceiling  is  also  demanded,! 
this  result  can  be  obtained  by  using  a  metal-lath  ceiling  suspended  below  the 
beams. "  *  These  arches  are  usually  formed  by  either  6  or  8-in  hollow  tiles, 
set  on  the  szDE-coKSTKUcnoN  principle  and  bonded  endwise  like  a  brick  vaults 
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Fig.  17.    Segmental  Tile  Floor-axch.    Deep  Skew 

They  can  be  iLsed  for  spans  up  to  20  ft,  but  it  b  better  to  limit  the  span  to 
about  16  ft.  "  End-construction  blocks  may  be  used,  but  they  are  tmsatisfac- 
tory,  unless  the  arches  are  of  uniform  span  and  rise  throughout.  The  rise  of 
the  siDE-cONSTRUcnoN  arch  can  be  varied  by  increasing  Ihe  thickness  of  the 
upper  or  lower  part  of  the  mortar  joint,  but  this  cannot  be  done  with  the  eno- 
coNSTRUcnoN  method. "  • 

Figs.  17  and  18  show  tsrpical  forms  of  sbgicental  arches.    The  weight  of 
the  arch  tiles  will  run  about  26  lb  per  sq  ft  for  6-in  tile  and  32  lb  for  8-in 
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Fig.  18.    Segmental  Tile  Fk>or-arch.    Deep  Beam.    Dropped  Skew 

tile.    To  these  weights  should  be  added  the  weight  of  concrete  filling,  flooring, 
pUster,  etc. 

ThicknesB  of  Webs.  "For  general  use  the  webs  of  segment>tile  should  be 
H  in  thick  for  semiporous  tile  and  H  in  for  porous  tile.  The  skew-back  should 
be  at  least  H  in  thick  for  the  first-named  material  and  x  in  for  the  second.  For 
printing-establishments  or  any  other  building  where  a  large  amount  of  N'ibra- 
tion  occurs  the  webs  of  all  tiles  must  be  designed  in  proportionate  thickness  to 
the  load  they  are  required  to  carry."  f  These  thicknesses  apply  to  Chicago 
practice  more  particularly,  where  a  stronger  tile  is  produced  than  in  the  East.  In 
New  York  City  webs  are  generally  H  in  thick  for  semiporous  and  i  in  for  porous 
tiles. 

•  Bevicr.  National  Fire  Proofing  Company,  New  York  City, 
t  E.  A.  Hoeppner. 
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SIm  of  Segmental  Floor-Arches.  The  use  of  the  soffit  of  the  arch  above 
tbe  springing-line  should  be  from  one-tenth  to  one-eighth  the  span.  The  greater 
the  rise  the  less  will  be  the  thrust  of  the  arch.  No  single-cell  tiles  should 
ever  be  used  in  any  form  of  terra-cotta  arch-construction. 

Fining  the  HanncheB.  The  haunches  of  segmental  asches  should  be 
^ed  with  good  cement  concrete  leveled  up  to  a  point  not  less  than  i  in  above 
the  cftowN  of  the  arch.  For  short  spans  dnder-concrete  filling  may  be  used, 
^  for  wide  spans  it  is  better  to  use  gravel  concrete,  as  the  concrete  fiUing 
lOQtributes  to  the  strength  of  the  arch  at  the  haunches. 

Tie-Rods.  The  thrust  of  segmental  arches  is  very  considerable,  so  that  it 
is  important  to  provide  tie-rods  between  the  beams.  A  formula  for  determin- 
tog  the  stress  in  the  tie-rods  and  their  diameter  is  given  on  page  871.  To  be 
most  effective  the  tie-rods  should  be  placed  at  the  center  of  the  skew.  Placing 
tiie  tie-iods  in  this  manner,  however,  may  cause  them  to  project  bebw  the 
soffit  of  the  arch,  giving  an  unsightly  appearance  to  the  ceiling.  It  is  also 
more  difficult  to  protect  them  when  in  this  position.  Occasionally  the  tie-rods 
an  incased  with  special  tiles,  as  in  Fig.  19. 
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Fig.  10.    Segmental  lUe  Floor-arches.    Incased  Tie-rods 

Strength  of  Segmental  Semiporous-Tile  Floor-Arches.  The  sate  loads 
per  square  foot  on  6  and  8-in  segmental  arches,  with  side-construction,  semi- 
porous  tile,  a  rise  of  one-eighth  the  span,  webs  and  shells  H  in  thick,  and  with 
&  Cactor  of  safety  of  7,  as  obtained  from  the  tables  of  the  National  Fire  Proofing 
Company  are  as  follows: 


Table  V 

.    Safe  Loads  for  Segmental  Semiporous-Tile  Floor-Arches 

Span, 

6-inch  arch. 

8>inch  arch. 

Span. 

6-inch  arch, 

8-inch  arch, 

ft 

lb 

lb 

ft 

lb 

lb 

4 

1103 

X318 

II 

40a 

480 

5 

878 

1049 

13 

370 

443 

6 

735 

883 

13 

340 

407 

7 

630 

735 

14 

317    • 

379 

8 

554 

662 

15 

296 

353 

9 

490 

585 

16 

278 

331 

10 

443 

529 

Th<fse  loads  include  the  weight  c^  the  construction;  so  that  to  get  the  safe  live 
oad,  all  the  dead  load  of  arch-blocks,  concrete  fill,  plastering,  flooring,  etc.,  must 
«  deducted. 
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Side-Constroctioii  Tile  Floor-Archea.  By  this  tenn  is  understood  the 
flat-tile  arches  in  which  the  voids  in  the  blodu  run  pamUel  with  the  beams,  aa 
shown  in  Fig.  20.  One  advantage  of  this  arch  over  the  end-construction  b 
the  BREAKING  OF  JOINTS  that  is  effected  in  the  setting  ol  the  blocks,  by  means 
of  which  the  failure  of  a  single  block  does  not  impair  the  strength  of  the  arch 
beyond  that  block.  The  webs  should  not  be  less  than  H  in  thick.  "  Radial 
JOINTS  are  sometimes  specified  but  should  be  avoided,  as  they  incur  needless  ex- 
pense in  manufacture  and  endless  confusion  and  delay  in  setting,  without  any 


Hg.  20.    Flat  Tile  Fkxn-arch.    Side<coMtnictioQ 

compensating  advantage.  "*  In  the  skew-backs  a  web  should  always  be  pro- 
vided across  the  block  at  the  lower  flange  of  the  beam,  as  at  this  point  comes 
the  greatest  pressure  in  this  block.  Arches  have  collapsed  because  of  failure 
to  provide  this  web.  The  depth  of  the  arch  must  be  proportioned  to  the  span 
between  the  beams  and  to  the  load  to  be  carried.  For  ordinary  loads,  a  safe 
rule  is  to  make  the  depth  of  the  block  iH  in  for  eadi  foot  of  span,  plus  the 
amount  necessary  for  protection  below  the  beams.  Sape  loads  for  semiporous- 
tile  arches,  side-construction,  with  webs  H  in  thick  and  a  factor  of  safety  of  7> 
as  given  by  the  National  Fire  Proofing  Company*  are  shown  in  Table  VI. 

Table  VI.    Safe  Loads  for  Semiporoiw.  Side-ConaCmctlon,  Tile  Floor-Archea 


Depth  of  arch 

6  in 

7  in 

Sin 

9  in 

10  in 

12  in 

Weight  of  arch 
per  sq  ff 

24  lb 

a61b 

27  lb 

29  lb 

34  lb 

37  lb 

Span  of  arch, 
ft    in 

StrcnRth  of  arch  in  pounds  per  square  foot 

4    o 

4  6 

5  P 

5  6 

6  0 

6  6 

7  0 

197 
IS6 

230 
182 
148 



208 
j68 
119 

296 
333 
189 
156 
X3I 

438 
346 
281 
232 
X9S 
166 

5as 

415 
336 

a34 

199 
17a 

These  loads  represent  the  Gat^ss  loads;  so  that  for  the  safe  live  loads  the  weight 
of  the  construction,  including  the  arch'blocks,  fill,  flooring,  plastering,  etc..  must  be 
deducted.  For  blocks  with  thicker  webs  the  loads  may  be  increased  proportionately. 
Where  no  loads  ar«  given  in  the  table,  the  spans  are  considered  excessive  for  the 
depth  of  block  specified.  The  weights  of  arch  given  in  the  table  are  for  the  lightest 
blcxks.  If  thicker  webs  are  used,  the  weight  of  block  must  be  taken  proportionately 
greater. 

End-Construction  Flat  Floor-Archea.  In  this  construction  the  sides  and 
voids  of  the  individual  blocks  run  at  right-angles  to  the  beams,  so  that  the  pres- 

•  Bevier,  National  Fire  Proofing  Company.  New  York  City. 
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fOTt  <m  the  blocks  is  endwise  of  the  tile.  It  has  been  condusivdy  demonstrated 
that  hoDow  tiles  are  much  stronger  in  end-covpressiok  than  transversely. 
"The  objection  urged  against  this  construction  is  that  it  is  wasteful  of  mortar 
and  difficult  to  get  the  edges  of  the  blocks  properly  bedded.  They  do  require 
slisfatly  more  mortar,  but  the  second  objection  is  not  serious,  for,  if  the  blocks 
ve  cut  to  a  proper  bevel,  the  tighter  they  are  set  the  stronger  the  arch."* 
The  individual  blocks  in  the  end-construchon  are  commonly  made  rectan- 
gular in  shape,  advancing  by  i  in  from  6  to  15  m  in  depth.  The  length  and 
width,  also,  of  the  blocks  may  be  varied,  but  the  standard  size  is  12  in  for  both 
dimensions.  The  number  of  partitions  or  webs  in  the  blocks  varies  with  the 
size  of  the  hhdts  and  also  with  the  strength  desired.  The  6,  7  and  8-in  blocks 
usually  have  two  vertical  i>artitions  and  on6  horizontal  partition,  or  one  vertical 
^  one  horizontal,  for  blocks  8  in  wide.  The  zo  and  12-in  arches  may  have 
either  one  or  two  horizontal  partitions.  Arch-blocks  over  12  in  deep  should 
always  have  at  least  two  horizontal  partitions.  In  the  strongest  blocks  the 
voids  are  about  3  in  square.  "The  arch-blocks  must  be  set  end  to  end  in 
straight  courses  from  beam  to  beam,  and  cannot  be  set  breaking  joints,  as  in 
the  smE-coNSTRUcnON  method. "  ♦  So  that  if  one  block  fails,  the  rest  of  the 
vcfa,  for  the  width  of  that  block,  is  dependent  for  its  strength  on  the  adhesion 
of  the  individual  blocks  to  those  adjoining. 

TliickneM  of  Web.    This  should  be  at  least  H  in  for  porous  and  H  in  for 
semiporous  tiling.    The  thicker  the  webs  the  greater  win  be  the  strength  and 


Fig,  22.    Flat  Tile  Floor-arch.    End<onstructiGf& 

fire-resistance  of  the  arch.  The  end-joints  are  alwasrs  beveled,  as  in  Figs.  21 
and  22,  the  ends  being  parallel;  thus  all  the  intermediate  blocks  are  made  with 
the  same  die. 

Form  of  Skew^baeks.  An  end-construction  arch  may  have  skew-backs 
formed  of  the  same  blocks^  with  notches  in  the  ends  of  the  blocks  to  fit  over  the 
bottom  Baoges  of  the  beams,  as  in  Fig.  21.  It  is  generally- considered  that  the 
eod-construction  skew-back  is  much  stronger  than  the  side-construction  skew- 
back  but  on  account  of  the  large  amount  of  mortar  lost  in  the  voids  and  the 
difficulty  of  obtaining  an  even  bearing  with  end-construction  skew-backs, 
and,  also,  because  of  the  greater  facility  with  which  the  side-construction  skew- 
backs  can  be  used,  contractors  generally  prefer  to  use  the  latter;  and  this  has 
given  rise  to  the  combinatxon->uich,  shown  in  Fig.  23.  But  a  more  important 
reason  for  using  side-construction  skew-backs  with  end-construction  arches,  is 
the  better  protection  against  fire  that  they  afford  to  the  beam  or  girder.     To 


Bevier. 
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develop  the  necessary  strength,  side-construction  skew-backs  should  have  a 
large  sectional  area  and  a  sufficient  number  of  partitions,  following,  approxi- 
mately, the  lines  of  thrust.  With  any  form  of  skew-back  the  recess  for  the 
beam-flange  should  be  of  ample  width,  so  that  when  the  tiles  are  set  the  pro- 
tecting flanges  on  the  skew-backs  will  not  touch  the  bottom  of  the  beams,  but 


Fig.  23.    Flat  TOe  Fkxv-uch.    Combmatioo  End  and  Side-oonstructioa 

win  be  at  least  Vi  in  below  them.    Many  varieties  of  side-construction  skew- 
backs  are  made  to  meet  all  possible  conditions. 

Keys.  Both  end-construction  and  side-construction  keys  are  used  with 
end-construction  arches,  the  choice  of  the  key  depending  principally  upon  its 
length.  If  the  span  of  the  arch  is  such  that  the  standard  intennediate  blocks 
require  a  key  6  in  or  more  in  width,  the  eni>-M£THOD  key  is  used,  as  in  Fig.  21; 
but  if  the  space  for  the  key  is  small,  a  side-method  key,  such  as  shown  in  Figs, 
22  and  23,  is  used.  As  the  key  is  ahnost  entirely  in  compression,  a  side-construc- 
tion key  6  in  or  less  in  width  will  usually  give  all  the  strength  required,  provided 
that  the  horizontal  webs  are  in  the  same  line  with  those  in  the  intermediate 
blocks.  E.  V.  Johnson,  western  manager  of  the  National  Fire  Proofing  Com- 
pany, says:  "We  prefer  the  use  of  an  end-construction  key  in  all  cases  where 

possible.  Our  custom  is  «to 
use  side-construction  keys  for 
spaces  of  6  in  and  under,  and 
end-construction  keys  for  larger 
spaces.  When  using  the  latter 
ke>'s  we  insert  a  ^-in  fire-clay 
slab  between  the  ends  of  the 
tUe." 

Raised  Skew-Backs. 

Wliere  flat  arches  are  sprung 
between  i8,  20  or  24-in  beams 
it  is  necessary  either  to  use  a 
raised  skew-back  or  else  to 
Rg.  24.  Raised  Side -construction  Skew  for  End-  have  a  large  space  abo\'e  the 
construction  Tile  Floor-arch  top  of  the  tile  arches  which 

must  be  filled  in  some  way. 
Raised  skew-backs  are  preferable  to  a  hollow  space  above  the  tiles  and  cheaper 
than  concrete  filling.  They  are  often  used  for  roof-arches,  because  for  that  pur- 
pose it  is  seldom  necessary  to  make  the  arches  as  deep  as  the  beams,  while  the 
top  must  be  about  on  a  level  with  the  beams.  Raised  skew-backs  arc  almost 
alwajrs  made  on  the  side-construction  principle.  Figs.  24  and  25  show  typical 
forms  of  raised  skew-backs  for  end-construction  arches. 

Flat  Versus  Paneled  Ceilings.  In  connection  with  the  raising  of  the 
arches  above  the  bottom  of  the  beams  or  girders  J.  K.  Freitag  calls  attention 
to  the  advantages  of  flat  ceiungs,  as  follows:    "Flat,  unbroken  ceilings  are 
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always  to  be  preferred  to  any  type  of  terra-cotta  arch  which  may  require  a 
paneSed  effect  due  to  the  projection  of  the  girders  or  beams  below  the  main 
ceiling-line. "  A  perfectly  flat  ceiling  reflects  more  light,  makes  a  better-lighted 
room  and  deflects  the  heat.  Paneling  forms  pockets  for  the  retention  of  heat 
and  flame  and  greatly  increases  the  eiqrased  area. 

'  18"  Steel  Beam 


Fig.  25.    Raised  Tile  Floor-aich  and  Girder-protection 

Floor-Arches  and  Beams  of  the  Same  Depth.  A  deep  block  makes  a 
much  stronger  floor  than  a  shallower  one,  and  for  the  same  depth  of  beams 
a  Ughter  and  cheaper  floor.  A  12-in  arch  weighs  less  per  square  foot  than  a 
lo-in  arch  with  2  m  of  concrete  filling;  and  it  costs  less. 

Depth,  Span  and  Weight.  The  maximuu  spans  for  different  depths  and 
the  AVESAGE  WEIGHTS  per  square  foot  of  this  type  of  arch,  set  in  place,  are  as 
follows: 

Table  Vn.    Mazfanism  Spans  for  Flat  Tile  Floor-Arches  of  Different  Depths 
and  Weights 


Depth  of  arch, 

Maximum  span, 

Weight  per  sq  ft. 

in 

ft    in 

lb 

6 

4    6 

29 

8 

S    6 

31 

9 

6    0 

33 

10 

6    6 

33 

12 

8    0 

39 

IS 

9    0 

46 

16 

10    0 

SO 

The  weights  per  square  foot,  as  given  by  different  manufacturers,  vary  greatly, 
due,  no  doubt,  to  the  character  of  the  material  used  and  to  the  thickness  of  the  webs. 
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The  DEPTH  OF  ABCH  most  frequently  used  is  10  in,  the  gilders  being  spaced 
to  use  lo-in  I  beams  for  joists  spaced  from  5  to  6  ft  apart.  As  a  rule  the  depth 
of  the  arch  should  be  about  equal  to  the  depth  of  the  beam,  as  it  is  just  about  as 
cheap  and  much  better  construction  to  use  deeper  tiles  and  less  concrete  filling. 

Safe  Loads  for  End-Constructioii  Tile  Floor-Arches.  The  strkkgth 
of  Oat  arches  of  hollow  tile  depends  upon  the  crushing  resistance  of  the  mate- 
rial, the  sectional  area  per  linear  foot  of  arch,  the  depth  and  the  span.  For  these 
reasons  it  is  impossible  to  give  a  table  for  strength  which  applies  to  all  arches. 
Table  VIII  is  condensed  from  two  tables  prepared  by  H.  L.  Hinton,  who  has 
gone  very  elaborately  into  the  strength  of  tile  arches,  in  the  handbook  pre- 
pared by  him  for  the  National  Fire  Proofing  Company.  The  values  given  for 
END-coNSTRUcnoN  arches  are  based  upwn  arch-blocks  of  the  cross-sectional 
areas,  i>er  foot,  given  in  the  second  horizontal  line  of  the  table,  and  are  intended 
to  have  a  factor  of  safety  of  7,  with  the  weight  of  the  tile  only,  deducted. 
Mr.  Hinton  says:  "  The  safe  loads  as  they  stand  in  the  table  afford  a  safe 
general  statement  of  safe  loads  for  all  sections,  since  they  represent  spe- 
cihcally  a  light  section  in  the  case  of  each  arch. " 

Table  Vm.    Safe  Loads  for  Bnd-Constniction  Tile  Floor-arches.* 

Semi  porous  material  of  sectional  area  per  linear  foot,  as  given  in  the  second  line 
The  loads  are  in  pounds  per  square  foot  of  floor 


Depth  of  arch  in 
inches 

6 

7 

8 

9 

10 

la 

15 

Areas,  sq  in 

310 

340 

370 

400 

430 

490 

S80 

Spans, 
ft  in 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

4  6 

5  0 

5  6 

6  0 

6  6 

7  0 

7  6 

8  0 

196 
155 

254 
302 
163 



319 
254 
206 
170 
141 

391 
31a 
254 
209 
175 
147 

470 
376 
306 
253 
3ia 
179 
153 

648 
519 
424 
352 
295 
251 
215 
185 

968 
777 
636 
5^9 
446 
38o 
326 
282 

Fig.   26. 


*  This  table  is  condensed  from  two  tables  prepared  by  H.  L.  Hinton. 

Patented  End-Con- 
struction Tile  Floor- 
Arches.  Figs.  26  and  27 
show  two  variations  of  a 
type  of  arch  invented  and 
patented  by  E.  V.  Johnson 
when  manager  of  the 
Pioneer  Company, 
Chicago,  111.  The  right  to 
manufacture  and  use  this 
arch,  in  certain  territory, 
was  granted  to  the  Pioneer 
Company;  also  to  Henry 
Maurer  &  Son,  New  York 
City,  and  to  a  company  in 


Excelsior   End-construction 
Side-skew 


Tile   Floor-arch. 


Haydenville,  Ohio.     Tbe  original  shape  of  the  arch-tile  is  illustrated  in  Fig. 
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27  and  this  shape  is  still  used  by  the  Pioneer  Company.  Henry  Maurer  &  Son 
have  modified  the  shape  to  that  shown  in  Fig.  26,  as  they  consider  that  this 
shape  gives  a  stronger  and  sUghtly  heavier  arch  than  one  of  the  original  shape. 
The  advantages  of  this  ardi  are  the  reduction  in  weight  for  an  equal  strength, 
and  the  clear  space  of  5  in  between  the  tiles,  which  avoids  the  cutting  of  the 
blocks  for  the  Uc-rods.     This  arch  can  be  adapted  to  any  span  up  to  xo  ft  by 


Fig.  27.    Johnson  End-construction  Tile  Floor-arch.    Original  Form 

using  blocks  of  suitable  depth.  The  Lnnr  op  span,  weight  per  square  foot 
and  SAFE  LOAD  of  the  Excelsior  arch  (Fig.  26)  is  given  by  Maurer  &  Son  as 
follows: 


Table  IX. 


Spans  for  Excelsior  Tile  Floor-Arches 


Depth  of  arch, 
in 

Limit  of  span, 
ft 

Weight  per  sq 
ft,  lb 

Safe  load  per 
sq  ft.  lb 

8 
9 

10 

12 

Sto6 

6  to  7 

7  to  8 

8  to  9 

27 

29 
33 
38 

300 
350 
300 
350 

The  Pioneer  Company  has  made  arch-blocks  as  deep  as  20  in  and  as  heavy  as 
56  lb  per  sq  ft.  This  company  and  Henry  Maurer  &  Son  use  semiporous  ma- 
terial for  the  arch-blocks.  It  should  be  noticed  that  the  arch  made  by  the 
former  has  an  end-construction  skew-back,  while  the  latter  uses  a  side- 
construction  SKEW-BACK.  The  Pioneer  Company  formerly  used  the  side- 
construction  skew-back,  but  found  that  when  arches  of  this  type  were  tested 
to  destruction  the  skew-backs  were  almost  invariably  the  parts  which  failed; 
hence  their  adoption  of  the  end-construction  skew-back.  Henry  Maurer  &  Son, 
however,  have  tested,  without  failure,  Excelsior  arches  of  8  and  lo-ft  spans,  and 
with  skew-backs  as  shown  by  them,  with  loads  of  over  i  000  lb  per  sq  ft. 
These  arches  have  been  extensively  used  in  both  eastern  and  western  cities. 

Reinforced-Tfle  Floor-Arches.  In  order  to  obtain  a  wide-span  flat  arch  o^ 
to  obtain  a  reduced  depth  of  arch-block  for  the  shorter  spans,  the  manufactureri 
of  terra-cotta  have  applied  to  their  floor-construction  the  principle  of  rein- 
forcement with  metal,  which  is  the  basis  of  reinforced-concrete  construction. 
Compared  with  reinforced  concrete,  even  when  dnders  are  used  for  the  aggre- 
gate, the  greater  depth  and  hollow  construction  of  these  reinforced-tilb 
arches  secure  for  them  greater  strength  per  square  foot  for  the  same  weight 
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of  construction.  On  the  other  hand,  however,  they  are  undoubtedly  more  ex- 
pensive than  cinder-concrete  floor-construction,  because  of  the  material  used 
and  the  increased  height  of  the  building  due  to  thicker  floors. 

The  Herculean  Arch.^  These  floor-arches  are  built  of  semiporous  terra- 
cotta blocks,  12  by  12  in  on  top  and  varying  from  6  to  x  2  in  in  depth,  according 
to  the  span  and  load.  In  the  sides  o^  the  bbcks  are  grooves  to  receive  iH  by 
iH  by  ^le-in  T  bars.  The  blocks  are  laid  end  to  end  the  entire  length  of  the 
span,  with  a  bearing  of  from  4  to  6  in  on  the  waUs  or  girders,  presenting  two 
continuous  grooves,  which  are  filled  with  cement  mortar,  and  into  which  the 
T  bars  are  then  inserted.  The  T  bars  must,  of  course,  extend  the  full  length  of 
the  span.  The  grooves  in  the  next  course  are  then  filled  with  cement  mortar 
and  the  blocks  pushed  into  place,  thus  thoroughly  covering  the  steel  with  mortar. 
All  joints  between  the  blocks  are  filled  with  cement  mortar  and  the  blocks  are 
laid  to  break  joint  endwise,  as  in  Fig.  28.    This  floor  has  been  used  for  spans 


Fig.  28.    Herculean  Reinforced,  TUe  Floor-txch 

varying  from  19  to  23  ft.  The  weight  per  square  foot  given  for  the  terra- 
cotta blocks  and  steel  T  bars  is  26  lb  for  blocks  6  in  deep,  33  lb  for  8-in  blocks, 
42  lb  for  lo-m  blocks  and  51  lb  for  12-in  blocks.  The  manufacturers  estimate 
the  SAFE  LOADS  for  this  construction  as  follows: 

For  a  12-in  arch  with  a  20-ft  span,  400  lb  per  sq  ft. 
For  a  xo-in  arch  with  a  i6-ft  span,  400  lb  per  sq  ft. 
For  a   8-in  arch  with  a  12-ft  span,  X50  lb  per  sq  ft. 

The  CHIEP  ADVANTAGE  of  this  constTuctiou  is  said  to  be  its  low  cost  as  com- 
pared with  the  cost  of  systems  equally  fire-proof  and  requiring  steel  beams 
every  6  or  8  ft.  It  is  particularly  well  adapted  to  buildings  with  masonry  walls 
and  partitions,  as  in  such  buildings  little  or  no  structural  steel  is  required.  The 
floor-construction  affords,  also,  an  unusually  smooth  undersurface,  thereby 
reducing  the  cost  of  plastering.    No  tie-rods  are  required  for  this  floor. 

The  Johnson  Long-Span  Flat  Floor-Conitraction.  This  reikvoeced- 
TiLE  FLOOR  was  invented  by  £.  V.  Johnson,  and  is  now  controlled  and  erected 
by  the  National  Fire  Proofing  Company.    Its  general  construction  is  as  follows: 

*  Patented  and  manufactured  by  Henry  Maurer  ft  Son,  1898  and  1900. 
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A  temporaiy  flat  centering  is  first  erected,  and  over  this  is  spread  a  layer  of 
rich  Portland-cement  mortar  about  H  in  thick.  On  top  of  this  mortar  is  laid 
a  WOVEN  FABRIC  Containing  steel  rods  varying  from  H  to  H  in  in  diameter, 
according  to  the  span,  and  spaced  from  2  to  8  in,  center  to  center.  Another 
layer  of  the  same  mortar  is  then  spread  on  top  and  hollow  tiles,  from  3  to  13  in  in 
depth,  according  to  the  span,  are  then  set  in  the  mortar  and  laid  so  as  to  break 
JOINT  and  to  form  continuous  rows  from  one  support  to  the  other.  A  layer 
of  ooocrete,  also,  about  2  in  thick,  is  usually  spread  on  top  of  the  tiles.    Fig.  29 


Fig.  29.    Johnson  Reinforced,  Tile  Floor-arch 

shows  the  general  method  of  construction  of  this  system,  but  without  the  rods, 
which  are  inserted  in  place  as  the  fabric  b  used.  For  short  spans  the  fabric 
can  be  used  without  the  rods.  This  system  differs  from  the  flat  concrete  system 
only  in  the  substitution  of  hollow  tiles  for  the  concrete  in  the  upper  portion  of 
the  slabs,  the  strength  of  the  floor  depending  upon  the  reintorcement  and 
the  adhesion  of  the  cement  mortar  to  the  steel  and  tiles.  As  the  tiles  are 
covered  both  on  the  bottom  and  top  with  concrete,  the  fireproofing  prop- 
erty, also,  is  measured  by  the  resistance  of  the  concrete  and  not  by  that  of  the 
tiles.  Tests  have  shown  that  the  adhesion  of  the  mortar  is  perfect  and  that  it 
win  stand  a  high  temperature  without  injury.  This  construction  can  be  used 
for  any  span  up  to  25  ft,  the  most  advantageous  span  being  about  16  ft.  The 
WEIGHT  per  square  foot,  including  the  fabric  and  the  cement  on  the  bottom  and 
in  the  joints,  but  not  on  top  of  the  tile,  is  as  follows: 

Depth  of  tile,  inches 12     10      9      8      7      6      s      4 

Weight  per  square  foot,  in  pounds    60    55    45    42    37    34    26     24 

The  concrete  above  the  tile  should  be  figured  at  12  lb  per  sq  ft  for  each  mch 
in  thickness.  The  strength  of  the  floor,  with  i  in  of  1:3  Portland-cement 
mortar  on  top  of  the  tiles,  is  given  as  follows: 
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tiibU  Z.    Ultinuite  StrMgth  of  Out  Johnson  Floor-Construction 


Span  in 
feet 

Thickness  of  tiles  in  inches 

12 

10 

9 

8 

7 

6 

5 

4 

3 

Ultimate  strength  in  pounds  per  square  foot 

10 

II 

12 

13 

14 
IS 
l6 
17 
l8 

20 
22 
24 

3  37S 

2800 

23SO 

2000 

1730 
I  500 

1320 

ii8o 

I  020 

844 

700 
587 

2580 

2340 

1800 

1540 

1325 

I  160 

I  010 

900 

795 

645 

536 

450 

2  140 

1780 

1480 

1265 

I  100 

950 

840 

740 

664 

535 

445 

370 

I  850 

1536 

1280 

I  100 

950 

830 

720 

640 

S70 

462 

384 

320 

I  525 
1264 
10d4 
910 
780 
680 
600 
578 
473 
381 

'^- 

126s 
1052 
880 
752 
650 
590 
500 
440 
392 
314 
263 
220 

1000 
832 
700 
595 
510 
450 
395 
350 
310 
250 
208 

T7S 
640 
S40 
460 
400 
348 
305 
270 
242 
194 

s6o 
464 
390 
334 
290 
250 
220 
194 
174 

With  this  table  the  follomnR  factors  of  safety  should  be  used: 

Factor  4.  Floors  <A  offices,  school-rooms,  hospital  and  asylum-wards,  dwellings 
and  roofs. 

Factor  5.  Floors  of  stores,  warehouses,  theaters,  public  halls  and  assembly- 
rooms. 

Factor  6.  Floors  of  buildings  in  which  there  is  vibration  of  machinery  or  in  which 
there  are  loads  causing  sudden  impact. 

A  section  of  this  floor,  16  ft  square,  supported  on  walls  around  the  four  sides, 
and  loaded  over  its  entire  area  with  a  total  uniformly  distributed  load  of  733  H> 
per  sq  ft,  showed  a  Dis^LBcnos  of  H  in,  full;  and  with  a  load  of  350  lb  per  sq 
ft,  a  DEFLECTION  of  H  in,  scant.  The  advantages  of  this  system  are  the  same 
as  noted  for  all  long-span  flat  systems.  It  can  be  used  to  special  advantage 
for  roofs  and  for  buildings  so  divided  biy  masonry  partitions  that  the  spans 
do  not  exceed  25  ft.  For  such  buildings  very  little,  if  any,  structural  steel  is 
required. 

The  New  Tork~Reiiiforced-TIle  Floor-Arch.    This  arch  (Fig.  SO)  was 


.Sofflt-Skew  Plain-Skew 

Fig.  30.    New  York  Reinforced,  TOe  Floor-arch 

designed  by  P.  H.  Bevier,  of  the  New  York  City  branch  of  the  National  Fire 
Proofing  Company,  for  use  "when  a  light  and  cheap  but  strong  floor  construc- 
tion with  a  flat  cdling  is  required,  and  is  particularly  adapted  to  wide  spans 
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in  shallow  beams.  When  Bght  floor  construction  vnth  deep  beams  is  necessary 
it  can  be  secured  by  setting  the  blocks  level  with  the  tops  of  the  beams  and  using 
a  flat  metal  lath  ceiling,  or  by  omitting  the  ceiling  a  panel  e£Fect  is  obtained. 
When  dialiow  beams  are  used  the  blocks  are  set  level  and  x  in  below  the  bottom 
of  the  beams.  Light  cinder  concrete  or  dry  dnders  is  used  to  level  up  to  the 
top  (^  the  beams.    The  wxkb  truss  seintorcement,  Fig.  31,  used  in  this 


Fig.  SI. .  Wize  RetnioKoemeot  for  New  Yock  Floor-aich 

system  is  shipped  to  the  building  in  reels,  and  is  cut  to  proper  lengths  on  the 
job  as  required.  It  is  embedded  in  Portland  cement  mortar  between  the  blocks, 
so  that  it  is  protected  both  against  rust  and  fire.  The  open-work  construction 
of  the  WIRE  TRUSS  enables  the  mortar  to  flow  freely  all  about  it  and  the  joint 
can  be  thoroughly  fiUed  between  the  blocks  and  the  wire  perfectly  embedded. 
The  6-in  arch  for  6-ft  span,  and  8-in  arch  for  7-lt  6-in  span,  have  been  tested 
by  the  Bureau  of  Buildings,  of  New  York,  and  accepted  for  live  load  of  150  lb 
per  sq  ft.  The  New  York  arch  has  been  used  in  a  number  of  large  buil(^ings  in 
New  York.  Load  tests  were  made  to  determine  the  ultihate  strength  of 
the  6-in  arch  on  a  Mt  span,  and  it  was  found  to  be  1 600  lb  per  sq  ft. " 

Tho  GttMtftyino  Tile^Arcfa  Systeni.  This  is  a  method  devised  by  R. 
Guastavino  of  New  Yoik  and  Boston,  of  constructing  floors,  partitions,  stair- 
cases, etc.,  by  means  of  thin  tiles,  i  in  thick,  about  6  in  wide  and  from  1 2  to 
24  in  long,  all  bonded  together  in  Portland-cement  mortar  so  as  to  make  one 
solid  mass.  The  floors  are  built  by  spanning  the  spaces  between  the  girdera 
with  single  arches,  vaults,  or  domes,  constructed  of  two,  three,  or  more  thick- 
nesses of  i-in  tiles,  the  number  of  thicknesses  depending  upon  the  dimensions 
of  the  arches  or  vaults.  In  its  best  application,  steel  is  used  in  tension  only  in 
tie-members;  and  in  place  of  steel  girders,  tile  girders  are  constructed  of  the 
same  material.  Wherever  steel  is  used  it  is  embedded  in  the  masonry  construc- 
tion. 

One  of  the  earliest  notable  buildings  in  which  this  system  was  used  is  the  Boston 
Public  Libcaiy  Building,  completed  in  1895.  Sonne  of  the  later  important 
constructions  are  the  Cathcdrsd  of  St.  John  the  Divine,  New  York  City;  the 
Minnesota  State  Capitol  Building,  St.  Paul,  Minn.;  the  Girard  Trust  Company's 
Building,  Philadelphia;  the  Chicago  and  Northwestern  Railway  terminal 
station,  Chicago;  the  Pennsylvania  and  the  New  York  Central  Railroad  ter> 
minal  stations,  New  York  City;  and  the  Hall  of  Fame,  University  of  New  York, 
New  York  City. 

An  illustration  of  the  wide  spans  that  can  be  safely  used  with  this  system  of 
construction  is  seen  in  the  Cathedral  of  St.  John  the  Divine  in  New  York  City. 
The  floor  above  the  crypt,  measuring  56  by  60  ft,  with  no  interior  supports, 
and  deigned  to  carry  a  safe  load  of  400  lb  per  sq  ft,  was  constructed  on  this 
principle.  Wherever  a  VAUtTED  ceiuno  is  desired  this  form  of  construction 
seems  to  be  weU  adapted  for  use.  Floors  built  in  this  way  have  been  tested 
under  the  supervision  of  the  New  York  City  Building  Department  up  to  3  700  lb 
per  sq  ft,  on  spans  of  10  It.  When  used  between  I  beams  the  only  steel  beams 
required  are  those  spannmg  from  column  to  column.  Architects  contemplating 
the  use  of  this  system  of  construcdon  are  advised  to  consult  the  R.  Guastavino 

le 


y  Google 


844  Firq;>roofi]ig  of  Buildiogs  Chap.  23 

Company  before  letting  &ny  contracts.  Wherever  vaulted  cdlings  are  required 
this  construction  should  be  at  least  as  cheap  as  any  other  form  of  equally  fire- 
proof construction,  and  it  is  often  cheaper.  One  particular  advantage  of  the 
system  is  that  frequently  the  soffit-course  of  tile  is  of  pressed  or  glazed  mate- 
rial, making  a  most  effective  and  permanent  finish,  as  in  the  case  of  the  City 
Hall  station  of  the  New  York  City  subway.  This  station  was  constructed  for 
very  heavy  loads  and  without  the  use  of  steeL 

Concrete  Floors.  Concrete  used  in  fire-proof  floors  may  be  either  fuun  or 
REIKPORCED.  Without  reinforcement  its  use  is  generally  practicable  for  very 
short  spans  only,  on  account  of  its  weight.  In  this  chapter  it  is  considered  only 
as  a  rLOOR-riLLiNG  between  steel  beams.  Chapter  XXIV  is  devoted  to  a  dis- 
cussion of  the  principles  governing  the  design  and  use  of  rdnforoed  concrete. 

AdTtntagei  of  Reinforced  Concrete  for  Fioor-Constmction.  Althou^ 
many  advantages  are  claimed  for  reinforced  concrete  over  the  tile-sjrstems, 
the  principal  advantage  is  that  of  economy,  taking  into  account  the  cost  of 
both  the  steel  framework  and  the  filling  bnetween.  The  other  important  ad- 
vantages are  less  weight  per  square  foot  of  floor  (usiially  but  not  always  the 
case),  adaptability  to  irregular  framing  and  rapidity  of  construction.  Except 
in  the  inmiediate  localit>'-  of  the  tile-factories,  fire-proof  floors  of  concrete  can 
usually  be  placed  at  less  expense  than  is  incurred  in  setting  floors  of  hollow  tile; 
and  when  the  spans  permit  the  use  of  dnder  cong^te,  the  concrete  floors  are 
lighter  than  those  of  the  tile,  when  both  floors  have  the  same  strength.  Some 
of  the  long-span  tile-systems,  on  the  other  hand,  are  much  lifter  than  many 
of  the  concrete  floors  that  are  now  being  built.  The  materials  entering  mto  the 
construction  of  reinforced-concrete  floors  are  readily  obtained  in  ahnoet  any 
locality,  no  specially  prepared  material  is  required,  except  perhaps  in  a  few 
special  forms  of  reinforcement,  and  the  work  can  be  done  almost  entirely  by 
unskilled  labor.  Less  capital  is  required  for  concrete  work  than  for  the  tile- 
constructions,  and  no  material  need  be  carried  in  stock  during  an  idle  period, 
except  tools,  mixing-machines,  old  centering,  etc.  That  the  above  advantages 
are  real  is  sufficiently  proved  by  the  immense  amount  of  reinforced  concrete 
now  under  construction  throughout  the  world.  Wherever  a  floor  is  to  have  a 
finished,  cement  surface,  reinforced-concrete  constructions  are  considerably 
cheaper  than  any  tile-system,  because  in  the  former,  the  entire  concrete  is  used 
to  give  strength,  while  with  the  flat-tile  arches  it  merely  increases  the  dead 
weight 

DisadTtntagef  of  Reinforced  Concrete  for  Floor-Conitntction.    One 

decided  disadvantage  connected  with  concrete  floor-construction  is  the  inter- 
ference in  a  large  measure  with  the  progress  of  other  parts  of  the  work.  During 
its  installation,  there  is  a  constant  dripping  from  the  floor,  making  it  some- 
times impossible  to  continue  other  lines  of  work.  After  the  completion  of  the 
floors  a  long  time  is  required,  depending  upon  the  weather,  for  the  drying  out. 
before  interior  finishing  can  proceed. 

Composition  of  the  Concrete.  The  materials  used  for  concrete  are  dis- 
cussed on  pages  240  to  241  and  on  page  817.  Portland  cement,  only,  ihouki 
be  used  in  any  floor-construction.  For  most  reinforced-concrete  floors,  having 
a  span  between  the  steel  beams  of  8  ft  or  less,  cinder  concrete  is  gencnUy 
used  for  the  reason  that  concrete  mixed  with  dnders  is  much  lighter  than  that 
mixed  with  broken  stone  or  gravel.  The  usual  proportions  op  cindkr  con- 
crete are  one  of  cement  to  two  of  sand  and  five  or  six  of  dnders.  For  a  first- 
dass  concrete  the  dnders  must  be  screened  through  a  mesh  not  larger  than 
H  in,  and  only  hard-coal  dnders  should  be  used.    Good  cinders  may  aome- 
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times  be  obtained  from  power-plants  using  soft  coal,  but  they  must  be  well 
screened  and  free  from  a^.  Concrete  mixed  with  common  ashes,  a  mixture  oc- 
casionally used,  has  little  strength  and  is  totally  unreliable.  For  all  spans  ex- 
ceeding 8  ft,  either  gravel  or  broken  rock  should  be  used,  and  these  should 
be  mixed  with  one  part  cement  to  two  of  dean,  sharp  sand  and  four  of  stone 
or  gravel.  The  weight  of  cinder  concrete  will  vary  from  80  to  no  lb  per 
sq  ft,  depending  upon  the  coarseness  of  the  material,  die  quantity  of  sand  and 
the  amount  of  tamping.  For  ordinaiy  puii>oses  a  1:2:5  dnder  concrete 
should  be  used,  wdghing  96  lb  per  cu  ft,  or  8  lb  per  sq  ft  per  inch  of 
thickness. 

Forms  of  Reinforcement.  While  steel  in  small  sections  is  used  almost 
entirely  for  the  reinforcement,  there  is  a  great  variety  in'  the  shape  and  char- 
acter of  the  metal  employed.  Different  forms  of  reinforceuent  are  described 
and  discussed  in  Chapter  XXTV.  AU  of  them  may  be  used,  and  most  of  them 
are  now  bdng  used  in  floor-construction.  In  addition  to  those  forms  discussed 
there,  others  that  are  not  readily  adapted  to  beam-construction  are  used  in 
floor-construction.  Such  are  the  hetal  fabrics  described  farther  on  under 
the  different  types  of  construction.  The  proper  position  for  the  reinforcement 
in  a  floor-construction  is  that  in  which  it  will  take  the  tensional  stresses, 
that  is,  in  floor-slabs,  near  the  lower  surface.  The  most  logical  form  is  that  of 
a  ROD  or  BAR.  A  greater  number  of  small  rods  or  bars  is  preferable  to  a  smaller 
niunbcr  of  larger  ones,  because  the  proportion  of  the  area  of  adhesion  between 
steel  and  concrete  to  the  sectional  area  of  steel  is  greater  in  the  former  case. 
This  result  is  apparently  attained  in  systems  in  which  wire  fabrics  are  used. 
But  the  disadvantage  in  the  use  of  the  smaller  reinforcement  is  the  greater  pos- 
sibility of  corrosion  and  consequent  failure  of  the  construction.  There  is  a 
further  disadvantage  in  the  use  of  wire  fabrics;  they  are  easily  displaced  in 
the  process  of  pladng  of  concrete,  either  getting  too  low  and  becoming  exposed 
to  fire  or  corrosion,  or  getting  too  high  with  a  corresponding  weakening  of  the 
floor.  Another  detail  that  must  be  remembered  when  using  metal  fabric  is 
that  the  mesh  must  be  large  enough  to  allow  a  good  bond  to  be  formed  between 
the  concrete  above  and  bdow  it.  Rdnforcements  in  the  iorm  of  bars  set  ver- 
tically in  the  concrete  have  a  tendency  to  shear  through  slabs  which  are  under 
heavy  loads.  The  best  and  most  logical  reinforcement  for  fire-proof  floors 
consists  of  from  Vi  to  H-in  round  or  square  rods,  dther  plain  or  deformed, 
spaced  at  varying  distances  to  suit  the  spans  and  loads. 

Necettity  for  Cross-Bars.  Where  wire  strands  or  bars  are  used  for  rein- 
forcement it  is  essential  to  have  cross-bars  as  well  as  transverse  tension- 
bars,  because,  when  the  loads  are  heavy  and  concentrated,  or  when  a  heavy 
body  faUs  upon  a  slab  the  concrete  will  crack  between  the  carrying  bars.  This 
can  be  readily  demonstrated  by  testing  with  a  drop-test  a  floor-slab  that  has  no 
cross-bars.  When  the  load  is  uniformly  distributed  the  cross-bars  are  not 
brought  into  play;  floor-loads,  however,  are  more  often  concentrated  than 
uniformly  distributed. 

Segmental  Concrete  Floor-Arches.  For  heavy  warehouse-floors  the 
arched  systems  are  preferable  to  the  flat  systems,  because  in  the  former  the 
concrete  is  used  in  its  strongest  form,  and  less  reinforcement  is  required.  In 
warehouses,  also,  a  cdling  formed  of  a  series  of  arches  is  not  objectionable. 
For  spans  between  floor-beams  of  5  ft  or  less,  a  i  :  6  gravel-concrete  arch,  3  in 
thick  at  crown  and  without  any  reinforcement,  should  sustain,  without  crack- 
mg,  a  distributed  load  of  i  500  lb  per  sq  ft.  For  spans  exceeding  5  ft,  the  cele- 
brated Austrian  experiments  (1891-1892)  seem  to  show  that  the  rdnforcing  of 
concrete  with  small  Z  beams  adds  greatly  to  the  strength  of  the  arch;  but  that 
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small  rods  or  netting  are  not  of  sufficient  advantage  to  warrant  the  additiooa) 
expense.*    Tests  made  on  arches  ol  S-ft  span  gave  the  following  results: 

A  concrete  arch,  sH  in  thick,  gH  in  rise,  broke  at  x  130  lb  per  sq  fL  A  Mooier 
arch  (wire  netting),  i^Me  in  thick,  loK  in  rise,  or  about  one-half  the  thickness 
of  the  concrete  arch,  failed  at  x  2x7  lb  per  sq  ft.  A  brick  arch,  sH  in  thick, 
9.85  in  rise,  failed  at  885  lb  per  sq  ft.  A  hoUow-brick  arch,  3 1  Me  in  thick, 
5»M«  in  rise,  failed  at  401  lb  per  sq  ft.  A  concrete  arch,  x3-ft  span.  3*M«  in 
thick,  15H  in  rise,  failed  at  812  lb  per  sq  ft.  A  Melan  arch,  3H  in  thick,  ix.4  in 
rise,  broke  at  3  360  lb  per  sq  ft.  The  Melan  arch  had  Z  beams  3H  in  deep, 
spaced  40  in  apart.    The  structure  was  one  year  old  when  tested. 

While  there  are  several  patented  arched-floor  systems,  a  plain  concrete  arch 
can  be  built  by  any  one;  and  if  reinforcing  is  desired  for  wide  spans,  plain  rods 
or  bars,  small  tees  or  channels,  and  various  forms  of  netting  may  be  used  with- 
out infringing  on  any  patents.  The  principal  advantages  of  the  patented  arch- 
systems  lie  in  the  matter  of  economy  in  putting  the  arches  in  place.  The 
concrete  arch,  considered  as  a  monolithic  construction,  if  built  of  stone 
concrete,  is  superior  to  the  brick  arch.  The  dnder-concrete  ardi  is  inferior 
only  in  point  of  strength.  Such  an  arch  should  be  at  least  4  in  deep  at  the 
crown,  and  the  rise  should  be  not  less  than  one-eighth  the  span.  The  strength 
of  such  an  arch  for  ordinary  cinder  concrete  is  about  the  same  as  that  of  a  6- in 
segmental-tile  arch  of  the  same  si>an,  as  given  in  Table  V.  All  arched  systems, 
whether  of  concrete  or  tile,  require  tie-cods  between  the  beams  to  take  up  the 
thrust  of  the  arches.    (See  page  871.) 

The  Roebling  Arch  Floor-Sjrstem.  This  system  is  now  so  widely  known 
that  it  requires  but  a  brief  description.    It  has  been  used  in  many  of  the  best 
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Fig.  32.    Roebling  Segmental  Coociete  Ftoor-arch.    Type  i 

buildings  in  the  Eastern  States  and  has  proved  one  of  the  strongest  floor-systems 
in  use;  and  when  the  bottoms  of  the  steel  beams  are  protected,  as  in  Type  2 
(Fig.  33),  it  is  unquestionably  first-class  fireproof  construction.  The  principal 
types  of  this  kind  of  floor-construction  are  shown  in  Figs.  32  and  33,  Type  i 
being  illustrated  in  Fig.  32  and  Type  2  in  Fig.  33.  There  is,  also,  a  Type  3 
which  is  similar  to  T>t>c  2;  but  it  has  a  suspended  flat  ceiling  in  addition, 
which  may  be  adjusted  at  any  level  below  the  floor-beams  to  admit  any  neces- 
sary piping,  etc.  The  distinctive  feature  of  this  system  is  the  permanent  wire 
centering  which  is  always  erected  in  advance  of  the  concreting,  thus  enabling 

*  See  Architecture  and  Buikiiag,  Jan.  4, 1896. 
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the  work  to  progress  continuously.  The  centering  is  made  of  the  proper  size 
and  form  at  the  factory,  so  that  it  is  readily  placed  in  position.  This  cen- 
tering has  advantages,  aside  from  the  saving  over  wooden  centers,  and  the 
rapidity  with  which  it  can  be  put  in  place.  It  allows  the  superfluous  water  to 
drip  out  of  the  concrete  as  soon  as  it  is  in  position  and  it  also  forms  a  valu« 
able  protection  from  falling  for  the  workmen,  as  it  ia  sufficiently  strong  in 


Fig.  33.    Rocbling  Segmental  Concrete  Floor-arch.    Type  2 

itself  to  sustain  a  considerable  load.  Sections  of  the  Roebling-arch  floor  have, 
been  tested  without  failure  with  loads  of  from  i  400  to  4  100  lb  per  sq  ft. 
Wide  spans  require  a  corresponding  depth  at  the  haunches,  as  the  clear  rise  of 
the  arch  for  Tjrpes  1,  2  and  3  should  be  iH  in  per  ft  of  span.  In  an  18- ft 
span,  the  dear  rise  above  the  beam-flange  was  16  in.  For  a  14-ft  span  between 
i8-in  beams,  the  rise  would  be  14  in. 

The  following  table,  prepared  by  the  Roebling  Construction  Company,  gives 
the  weight  per  square  foot  for  different  spans: 


TaUe  XL    Weight  per  Square  Foot  of  the  Roebling 

Floor-Archet 

Maximum  spacing 

Height  of  concrete 

of  steel  floor- 

Thickness  of 

Weight  per  sq 

above  underside 

beams  (independ- 

crown at  center 

ft  including  only 

of  floor-beams. 

ently  of  size  of 

of  arch, 

concrete  and  wire. 

in 

l^eams), 
ft    in 

in 

lb 

8 

4    0 

3 

33 

9 

4    6 

3 

34 

10 

5    0 

3 

36 

12 

6    0 

3 

41 

IS 

7    6 

3 

47 

The  weights  given  in  the  table  are  for  concrete  to  the  level  indicated  in  the 
first  column,  with  a  3-in  crown  and  for  all  wire  construction,  including  arch' 
wire  for  floors  and  lathing  for  ceilings. 

Flat  Reinforced  Floors.  These  floors  consist  of  slabs  of  concrete,  varying 
in  thickness  according  to  the  span  and  k>ad,  constructed  between  the  steel 
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floor-beams  and  reinforced  near  the  lower  surface  with  steel  in  one  of  the  shapes 
referred  to  on  page  845,  and  further  described  under  each  ssrstem.  For  ordinary 
loads  the  thickness  of  the  slab  should  be  at  least  H  m  for  each  foot  of  span,  with 
a  minimum  thickness  of  aVi  in.  Thinner  slabs  have  been  used,  but  the  thickness 
should  be  carefully  considered  for  each  particular  case.  The  floor-slabs  are  not 
usually  of  the  same  depth  as  the  beams  supporting  them.  The  position  of  the 
slabs,  therefore,  determines  the  character  of  the  ceiling.  When  the  bottom  of 
the  slabs  is  placed  at  or  bebw  the  lower  flanges,  a  flat  ceiling  results,  and  the 
space  over  the  slabs  must  be  fllled  to  the  underside  of  the  flooring,  with  some 
incombustible  material,  thus  often  increasing  the  weight.  When  the  slabs  are 
set  at  the  top  flanges,  there  is  a  paneled  ceiling,  unless  a  hung  ceiling  is  provided. 
The  types  of  reinforcement  used  are  generally  the  distinguishing  features  of 
the  different  so<alled  systems,  but  the  principles  involved  are  the  same  in  alL 
Expanded  Metal.  This  material  is  now  so  well  known  that  it  requires  only 
a  brief  description.    The  diamond  mesh  shown  in  Fig.  34  is  used  in  floor-oon- 


Fig.  34.    Expanded  Metal.  Diamond  Mesh' 

struction.  For  this  purpose  the  3-in  mesh  is  used,  the  size  of  the  mesh  being 
designated  by  the  width  of  the  diamond-shaped  spaces.  It  comes  in  sheets 
8  or  12  ft  long,  and  from  3  to  6  ft  wide,  according  to  the  width  of  the  mesh. 
It  is  made  from  a  soft,  tough  steel  of  fine  texture,  varying  in  thickness  from 
No.  13  to  No.  6,  Stubbs  gauge.  When  used  between  I  beams,  without  other 
reinforcement,  the  spans  usually  vary  from  6  to  8  ft,  although  paneb  12  ft 
wide  between  beams  have  been  constructed. 

Concrete  and  Expanded-Metal  Floor-Construction.  Of  the  numerous 
styles  of  floor-construction  possible  with  expanded>metal  reinforcement,  the 
type  shown  in  Fig.  35  is  generally  used  and  recommended.    At  the  right  hand 


Fig.  36.    Concrete  Floor-coostniction.    Ezpaoded-metal  Reinforament 

of  the  figure  is  shown  the  construction  when  there  are  steel  beams  and  at  the 
left  hand  when  there  are  reinforced-concrete  beams.  The  advantages  claimed 
for  expanded  metal  as  a  reinforcement  are :  a  better  arrangement  in  the  con- 
crete than  is  possible  with  equal  amount  of  nuiterial  in  any  other  form;  great 
efficiency  in  the  carrying  of  concentrated  loads,  due  to  the  obliquity  of  the 
strands;  a  uniform  distribution  of  small  sealons  at  frequent  intervals^  pref • 
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erable  to  larger  sections  at  greater  intervals;  an  increased  ultimate  strength 
and  high  elastic  limit,  due  to  the  method  of  manufacture,  thus  combining 
the  advantages  of  a  low-carbon  steel  with  a  high  ultimate  strength;  and  a 
mechanical  bond  with  the  surrounding  concrete.  The  standard  sizes  offered  by 
the  Consolidated  Expanded  Metal  Companies  and  the  Northwqstem  Expanded 
Metal  Company  are  in  accordance  with  a  decimal  variation  in  cross-section, 
thus:  0.2S,  0.30,  0.35,  0.40,  etc.,  sq  in  per  ft  of  width.  The  designations  of 
the  sizes  indicate  the  cross-sectional  areas  per  foot  of  width,  thus:  3-9-20 
denotes  a  3-in  mesh.  No.  9  gauge  plate  and  a  cross-sectional  area  of  0.20  sq 
in  per  ft  of  width.  The  Youngstown  Iron  &  Steel  Company  and  the  Gen- 
eral Fireproofing  Company  offer  from  dght  to  ten  sizes  of  expanded  metal  with 
a  range  sufficient  to  take  care  of  the  needs  of  concrete-floor  designs. 


Table  Zn. 

Properties  of  Rib-Metal 

Size- 

Width  of 

sheet 

in 

Area  of  metal 
per  foot  of 

number 

width 
sqin 

16 

0.54 

34 

0.36 

3a 

0.27 

40 

0.216 

48 

0.18 

56 

0.IS4 

64 

0.135 

Rib-Metal.    The  Trussed  Concrete  Steel  Company  of  Detroit,  Mich.,  is 
manufacturing  a  steel  reinforcement  for  concrete  floors  consisting  of  a  series 


Area  of  rib,  0.09  sq  in 
Ribs  spaced  2,  3.  4.  5>  6«  7  and  8  in 

Fig.  36.    Rib-metal  Reinforcement  for  Concrete  Floois 

of  straight  ribs  or  main  tension-members  rigidly  connected  by  light  cross-ties 
expanded  from  the  same  sheet  of  metal  in  the  form  of  a  mesh.    (Fig.  36.)    It 
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is  manufactured  from  medium  open-hearth  sted  in  seven  azes  of  mesh,  3,  3,  4, 
5,  6,  7  and  8  in,  and  in  lengths  up  to  18  ft.  It  is  supplied  in  either  flat  or  curved 
sheets  and  longer  lengths  and  special  sises  of  mesh  can  be  provided.  The  width 
of  sheet  is  governed  by  the  size  of  mesh,  thei^e  being  nine  bars  or  ribs  m  each 
sheet. 

Welded-Metal  Fabric.  The  Clinton  Wire  Cloth  Company  manufactures  a 
welded  fabric  or  mesh  which  has  been  extensively  used  in  the  United  States  as 

a  rdnforcement  for  concrete  construction 
of  all  kinds.  Fig.  37  shows  the  general 
style  of  the  fabric,  the  meshes  and  wires  of 
which  can  be  varied  indefinitely,  upwards 
from  a  z-in  mesh.  The  advantage  claimed 
for  this  fabric  as  a  reinforcement  for  slab- 
construction  is  that  the  carrying  wires  may 
be  varied,  both  in  size  and  spacing,  to  give 
the  necessary  area  for  any  given  weight  and 
span,  and  the  distributing  or  cross-wires, 
also,  may  be  varied  in  the  same  way.  The 
direction  of  the  wires  coincides  with  the 
UNE  OF  STRESS,  SO  that  there  is  no  tend- 
ency to  distort  the  rectangle  of  the  mesh. 
The  cross-wires,  being  welded  to  the  carry- 
ing wires,  are  rigidly  held  in  place  and 
prevent  the  latter  from  slipping  in  the 
concrete.  The  claim  is  made  that  the 
elongation  that  takes  place  in  the  carrying 
wire  under  the  stress  of  heavy  Ibading,  is 
di\nded  along  the  carrying  wire  as  often  as 
the  cross-wires  occur,  instead  of  being 
concentrated  at  one  point  as  b  the  case 
with  loose  rods  or  wires.  In  the  meshes 
commonly  used  the  carrying  wires  vary 
from  No.  10  to  No.  3  in  size  (Washburn  & 
Moon  gauge),  and  are  spaced  from  z  to  4 
in  on  centers;  while  the  distributing  wires 
Fig.  37.  WeMcd-metal  Fabric.  Clin-  vary  from  No.  u  to  No.  6  in  size,  and  are 
ton  Wire  aoth  spaced  from  3  to  12  in  on  centers.     Welded 

metal  is  manufactured  in  long  rolls,  and  by 
its  use,  all  joints  and  laps  are  avoided.  A  floor  can  be  made  with  a  continuous 
metallic  bond  from  wall  to  wall,  that  is,  when  the  mesh  is  laid  over  the  tops 
of  the  steel  beams.    The  width  of  the  roils  varies  from  48  to  86  in. 

Lock- Woven  Fabric.  This  fabric  ♦  is  made  up  in  a  rectangular  mesh,  the 
usual  spadng  of  the  longitudinal  wires  being  3  in  on  centers  and  that  of  the 
transverse  wires  12  in  on  centers.  These  spacings  can  be  easily  varied  to  meet 
special  conditions.  The  fabric  is  usually  made  54  in  wide  and  comes  in  rolls 
containing  from  1 50  to  600  lin  ft,  the  1 50-f t  length  being  commonly  used.  While 
the  usual  width  of  the  fabric  is  54  in,  it  can  be  varied  in  multiples  of  iH  in  from 
X 8  in  up  to  a  maximum  of  54  in.  The  longitudinals  or  carrying  wires  of  the 
fabric  are  held  in  place  by  wrapping  around  them  the  transverse  wires  as  shown 
in  Fig.  38.  The  longitudinal  wires  can  be  furnished  in  sizes  varying  from  No.  14 
to  No.  7;  the  transverse  wires  are  usually  No.  14  or  No.  12.    The  longitudinal 

•  Controlled  by  W.  N.  Wight  ft  Company,  New  York  Oty. 
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wires  are  made  by  a  special  process  which  gives  them  an  ultw ate  xensilb 
STKSNGTH  of  from  150  000  to  180  000  lb  per  sq  in,  with  a  correspondingly  high 
EUkSTic  uuiT.  The  fabric  can  be  furnished  either  black  or  galvanized,  the 
latter  being  more  commonly  used.  This  fabric  has  the  gene^l  advantages  com- 
mon to  any  continuous,  rectangular-mesh  material  as  it  provides  a  continuous 


Longitudinal  Wire 

Transrerfle  Wire 


ii 


DETAIL  OF  LOCn 
J'ig.  38.    Lock-woven  Fabric 

BOND  from  end  to  end  of  a  structure,  and  the  wes  are  so  placed  that  they  lie 
parallel  to  the  unbs  of  stsesses  which  they  are  called  upon  to  cany.  The 
standard  type  of  construction  for  floor-slabs  and  roof-slabs  is  similar  to  that 
shown  m  Fig.  35  for  expanded  metal.  Where  a  flat  ceiling  is  desired  the  type 
of  camatruction  shown  in  Fig.  39  is  veiy  useful.  Both  of  these  typts  have 
been  approved  by  the  Bureau  of  Buildings  of  the  City  of  New  York  on  spans 

Stone  or  Cinder  Concrete. 

/fM?!':^ ^  Lock.woven  SUel  Fabric.  w  i^-  •  a 

Fig.  39.    Cooctete  Ceiling-slab  Reinforced  with  Lock-woven  Fabric 

up  to  and  including  6  ft,  for  Uve  loads  running  from  130  to  330  lb  per  sq  ft; 
and  on  spans  of  7  ft,  approvals  have  been  given  up  to  175  lb  per  sq  ft,  and  on 
spans  of  8  ft,  up  to  150  lb  per  sq  ft.  All  of  these  approvals  are  based  upon 
the  use  of  cinder  concrete  and  on  a  factor  of  safety  of  xo.  In  addition  to  its 
use  for  the  construction  of  floor-slabs  and  roof-slabs,  the  fabric  is  suitable  for 
use  in  panel-walls,  sewers,  penstocks  and  tanks,  and  in  all  other  places  where 
a  sheet-reinforcement  can  be  used  to  advantage. 

Trians^e-Mesh  Wire-Fabric  Reinforcement  Under  this  name  the  Ameri- 
can Steel  and  Wire  Company  is  manufacturing  a  wire  fabric  of  cold-drawn  steel 
wire  for  the  reinforcement  of  fire-proof  floors.  A  detail  of  the  standard  material 
is  shown  in  Fig.  40.  The  triangular  mesh  is  built  up  of  either  single  or  stranded 
longitudinals  with  the  cross-wires  or  bond-wires  running  diagonally  across  the 
width  of  the  fabric.  It  is  claimed  that  the  triangular  mesh  affords  an  even 
distribution  oC  the  steel,  reinforcing  in  every  possible  direction;  that  the  strength 
is  increased  by  reason  of  the  truss-construction;  and  that  the  stranding,  in 
addition  to  the  adhesion  of  the  concrete  to  the  steel,  affords  a  more  perfect 
MECHANICAL  BOND,  and  at  the  same  time  provides  sufficient  area  of  steel  to 
prevent  temperature-cracks.  For  floor-reinforcement,  this  fabric  is  used  the 
same  way  that  any  of  the  other  fabrics  previously  described  are  used,  and  as 
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indicated  in  Figs.  29.  35  and  39.  The  lonsntudinal  wires  in  Triangle  Mesh  are 
invariably  spaced  4  in  on  centers,  but  the  diagonal  wires  may  be  spaced  either 
2  or  4  in  apart.  The  manufacturers  can  furnish  eighty-eight  different  styles, 
giving  variations  in  the  cross-sectional  area  of  the  longitudinal  wires  from 
about  0.038  sq  in  to  about  0.380  sq  in  per  ft  in  width  of  the  fabric,  or  a  variation 


Fig.  40.    Wire-fabric  Reinforcement,  Triangular  Mesh 

in  weight  per  square  foot  of  from  0.2  to  1.5  lb.  These  stj'les  vary  in  three 
ways,  (i)  The  material  is  furnished  either  galvanized  or  plain,  (2)  the  km- 
gitudinal  wires  are  made  of  either  a  single  wire  or  of  two  or  three  wires  stranded, 
and  (3)  the  cross-wires  or  bond-wires  are  of  either  No.  14  or  No.  i2H  gauge. 
Special  sizes  of  additional  area  can  ^  furnished  upon  application  to  the  com- 
pany. This  fabric  is  said  to  have  an  ultimate  strength  of  not  less  than  85  000 
lb  per  sq  in. 

Patented  Systems  of  Flat  Floor-Constructiofi.  The  following  systems  of 
floor-construction,  described  in  the  following  paragraphs,  while  based  upon  the 
same  general  principles  as  those  already  described,  are  patented  and  can  be 
used  only  by  the  patentees. 

Roebling  Flat  Floor-Construction.  This  system  was  introduced  by  the 
Roebling  Construction  Company  to  meet  the  demand  for  a  light,  economical 
floor,  with  greater  spans  between  the  I  beams  than  is  practicable  for  their 
arched  system.  This  flat  construction  is  a  reinforced-concrete  system,  differing 
from  other  flat  systems  only  in  the  reinfordng  frame.  The  details  of  construc- 
tion are  quite  clearly  shown  in  Fig.  41.  The  main  tension-members  consist  of 
flat  bars,  usually  2  in  in  width  and  varying  from  H  to  H  in  in  thickness,  accord- 
ing to  the  spacing  of  the  beams  and  the  load  to  be  supported.  These  bars 
stand  on  edge  in  the  concrete,  are  twisted  at  the  end  to  lie  flat  on  the  X  beams, 
and  are  also  bent  around  the  flanges.  The  bars  are  held  in  position  laterally  by 
means  of  spacers,  formed  from  half-oval  iron,  with  a  hook  at  each  end  to  flt 
over  the  bars.  Besides  the  type  of  construction  shown  in  Fig.  41  three  other 
tjrpes,  differing  principally  in  the  manner  of  supporting  the  steel  bars,  arc  em- 
ployed. In  what  is  known  as  Type  4,  the  tension-bars  are  supported  on  the 
bottom  flange  of  the  I  beams,  so  as  to  give  a  level  ceiling  between  the  beams. 
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This  type,  however,  is  not  desirable  when  the  I  beams  are  more  than  7  in  deep. 
When  the  distance  between  the  steel  beams  is  greater  than  9  or  10  ft,  the 
tension-bars  are  bent  downward  so  as  to  give  a  sag  of  about  3  in  or  more  at 
themiddleof  theflpan,a8inFig.  42,  thespacersbdngusedasinFig.  41.    This 


Fig.  41.    RoebUng  Flat  Conoete  Floor-constructioo 

is  known  as  TVpe  5  and  has  been  successfully  used  in  spans  up  to  22  ft.  Under 
ordinary  conditions,  however,  considering  both  the  steelwork  and  the  ^reproofing, 
the  most  economical  results  are  obtained  when  the  girders  are  spaced  from  14  to 
16  ft  apart.    With  this  ^stem  a  suspended  ceiling  is  not  necessaiy  or  desirable. 


Ffg.  42.    RoeUing  Flat  Concrete  Floor-constructioD.    Type  5 

The  concrete  used  with  this  system  is  composed  of  high-grade  Portland  cement 
mortar,  sharp  sand,  and  clean  cinders,  mixed  ordinarily  in  the  proportions 
1  :  2H:6.  This  floor-system  is  particularly  adapted  to  public  buildings,  oflSces, 
theaters,  schodls,  hospitals,  hotels,  residences,  etc.,  or  where  there  is  no  great 
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weight  to  be  supported,  and  the  fire-hazard  is  not  as  great  as  in  stores,  factoriea 
etc.  It  can  be  successfully  adapted,  however,  to  stores  and  warehouses,  but 
requires  shorter  spans  and  heavier  construction.  The  Roebling  Construction 
Company  claims  that  Type  i  has  a  safe  carrying  capacity,  with  a  factor  of  safety 
of  4,  of  aoo  lb  per  sq  ft  with  a  span  of  8  ft,  and  that  T^pe  5,  with  a  span  of 
16  ft,  will  safely  support  a  load  of  100  lb  per  sq  ft.  A  section  of  floor  4  ft  5  in 
wide  and  16  ft  span,  carried  a  total  load  of  17  aso  lb  with  a  deflection  oi  only 
M«  in. 

The  Columbian  FUt  Floor-System  *  This  Is  a  flat  concrete  system  with 
ribbed  steel-bar  tension-members,  differing  from  the  system  previously  described, 
principally  m  the  shape  of  the  reinforcing,  bars,  which  are  entirely  different  in 

shape  from  those  used  in  any  other 

■  system,  and  very  much  deeper.  The 
^^^^  general  shape  of  the  i,  a,  2^4  and  3H- 
^^^^^  in  bars  is  shown  by  the  hole  in  the 

■  stirrup,  Fig.  43;  the  larger  sizes  have 

■  .y'^'^S^  ""*'*  "****  **  shown  in  the  reduced 
I  ^y^  ^-^Sl  section  at  A.  The  Columbian  floors 
I                  ^y^     ^^flB     ***  made  in  two  styles,  long  span 

'■  |%|^  >^^^^Bm       and  SHORT  SPAN.     In  the  SBOKT-SPAN 

^^^B  ^  \  ^^d    s^^'^>'  ^h^  ribbed-steel  bars  are  sus- 

^^^^  ft  pended   from  the  steel   bcams»  and 

I  k[  supported  on  edge  by  means  of  steel 

^^^^^  ^s^  stirrups  which  have  holes  of  the  same 

^^^^^  cross-sections  as  those  of  the  bars  cut 

I  in  them,  as  shown  in  Fig.  43,  these 

bars  being  surrounded  by  and  com- 
pletely embedded  in  concrete.  Three 
sizes  of  bars  are  used  for  this  floor- 
construction,  the  2>i,  3  and  i-ia  bars, 
their  maximum  spacing  being  24  in. 
The  carrying  capacity  of  this  floor  is  given  in  Table  XIII.  The  most  econom- 
ical spacing  of  floor-beams  for  this  type  is  usually  6  ft  for  hotels,  apartment- 
houses  and  ofiice-buildings,  using  x-in  bars,  and  from  6  to  9  ft  for  greater 
floor-loads,  using  2  and  2H-in  bars,  depending  upon  the  load  required  to  be 
carried.  Economy  is  claimed  for  this  t)rpe  of  construction  in  that  wall- 
channels  are  not  required,  and  beams  may  be  spaced  up  to  9  ft,  center  to 
center. 

In  the  second  tjrpe  of  this  construction,  or  what  is  commonly  known  as  the 
LONG-SPAN  SYSTEM,  the  FoUed  and  ribbed  steel  bars  are  embedded  in  the  con- 
crete, as  in  the  short-span  system,  and  either  hung  in  specially  fonned  stirrups 
or  framed  directly  to  the  beams,  as  shown  in  Fig.  44,  these  bars  being  anchored 
at  intervals  into  the  wall,  and  forming  a  continuous  tie  across  the  entire  floor 
of  the  building.  The  floor-beams  between  girders  may  thus  be  omitted,  the 
monolithic  slabs  of  concrete  and  steel  taking  their  plaoe.  In  this  way  a  level 
ceiling  is  obtained  between'  girders,  and  an  increased  head-room  with  the 
same  amount  of  masonry,  or  the  same  head-room  with  a  decreased  height  of 
masonry.  This  is  possible  because  the  extreme  thickness  of  this  floor-construc- 
tion on  a  span  of  20  ft  between  beams,  is  but  6J4  in,  whereas  for  a  span  of  15  ft, 
with  a  lighter  load,  the  thickness  of  concrete  may  be  reduced  to  5  in.  The 
sizes  of  bars  used  in  this  tjrpe  of  construction  are  3H,  4W.  S  and  6  in,  requiring 
respeaively  s.  SM,  6H  and  7  H  in  of  concrete. 

*  CoatroUed  by  the  Columbian  Coocrete-Steel  Bar  Company,  Pittabuigh,  Fa. 


A,  Section  of 
5-tnch  bar 
(reduced). 

Fig.  43.      Stirrup  and  Bar.      Columbian 
Concrete  Floor-construction 
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Table  Ztn.    Safe  Loads  in  Pouodi  per  Square  Foot  for  ColttfflMan  Floor- 

Conatroctlon 


STONE  CONCRETE 

Size  of  bar  in 
ins  and  wt 
per  linear  ft 

aHxViin 
1.65  lb 

3H  X  »H4  in 
3.81b 

4M  X  M  in 
5.3  lb 

Spacing  of 
bars  in  inchej 

;         ^ 

ao 

I5^i 

24 

31 

24 

Weight  of  stee 
per  sq  ft  of 
floor  in  lbs 

1 

0.83 

0.98 

13 

19 

3.3 

2.6s 

Thickness  of 
slab  in  inches 

}*h 

5 

4   aV 

i   5 

4 

4^ 

4s 

S  |sh|  6 

5  |sh|  6 

5^ 

6^ 

Span  in  feet 

Pounds  per  sqviare  foot 

8f 

)64a 
>500 
)40c 
>335 

)280 
)240 
)  210 

;i8o 
I  i6c 

125 

680 
S40 
435 
360 
300 
260 
325 
190 
i?o 
ISS 

1C» 

60 

IX 
13 

13 
14 
15 
i6 
17 
i8 
19 

75 
6o 

90 
75 

la 
9! 

)  90 
;    75 
>  ... 

IK 

9< 
7 

3  I2C 
3  114 

5    9! 

•    7C 

)  100 

85 

12 

lO 

8< 

5 15c 

3  13c 
3  IOC 

.    8c 

22(. 
I9< 

i6( 

14c 

I2< 
IOC 

>24! 
)  20; 
>I7! 
)I5C 
)I3. 
)  lac 

)270 
)225 
5190 

)i65 

;  iss 

>I35 

28< 

24. 
lot. 

17, 

IS< 

IK 

6c 

7c 

3  3IC 

5  26c 
3  23C 
519c 

■)  i6« 
5  14. 

780 
620 
415 
350 
300 
255 
225 
19$ 
175 

125 

85 

L  CINDER  CONCRETE 

Sixeofbarin 
ins  and  wt 
per  linear  ft 

I  X  Ms  In 
I.I  lb 

2  X  Hi  in 
1-45  lb   ' 

2^  X  H  in 
i.6s  lb 

Spacing  of 
bars  in  ins 

34 

ao 

24 

IS 

24 

20 

ISJ^ 

Wt  of  steel 
per  sq  ft  of 
floor  in  lbs 

0.55 

0.6s 

0.73 

1.15 

0.83 

0.98 

1.3 

Thickness 
of  stab  in  ins  J 

hh 

3   . 

jH 

^1 

3Vli    4 

3H|  4  I4H 

4  IaYi 

5 

4 

iJ-i    5 

4  |4^|  S 

Span  in  feet 

Pounds  per  square  foot 

4 
5 
6 
7 

8 
9 

lO 
IX 
12 

W5 

tfo 
90 

a6s 
aoo 

130 
70 

300: 
115  i 
150  J 
801 

J75 
K55 
90 
LIS 

450 
325 
215 
140 
85 

|00  4 
J001 
3I0  2 

1401 

85  1 

120 

(30 

t40 
65 

00 

60 

42s 
\2S 
230 
160 
90 

*7S3 

i5o^ 

255  3 

175  a 
120  1 
801 

25^ 
100, 
lOOJ 

wo 
35 

00 
75 

ISO 
J50 
ISO 
[70 

[10 

70 

500  s 

!70  4 

»70  3 
[853 
1301 

[00  1 
70 

75 
40 

lOO 

10 
40 
10 
80 
60 

S40 
470 
350 
204 
132 
84 

5oo< 
♦44! 
334: 

222  J 

IS6 
140  1 
84 

190 
528 
160 

»S2 

68 

40 
96 
72 

650 
550 
430 

250 

160 

los 
75 

700 
575 
460 
275 
200 
150 
no 
90 

650 
480 
325 
22s 
175 
135 
no 
80 
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Table  Xin  gives  the  loads  that  the  Columbian  Concrete-Steel  Bar  Company 
guarantees  their  various  forms  of  floors  will  carry  safely.  This  table  is  com- 
piled from  actual  tests  on  sections  of  floors,  by  using  a  safety  factor  of  4. 
Bars  can  be  spaced  down  to  15 Vi  in,  thereby  increasing  the  strength  of  a  floor; 
but  2  ft  is  the  maximum  spacing.    After  a  fire-test  and  water-test  oT  three 


Fig.  44.    Columbian  Long-span  Concrete  Floor-constructioo 

hours'  duration  made  on  this  system  in  Boston,'*'  this  floor  on  a  span  of  1 1  f  t 
3  in,  carried  i  650  lb  with  a  deflection  of  only  iH  in.  Before  the  floor-slab  began 
to  show  any  sign  of  failure,  the  loading  had  to  be  stopped  because  the  walls 
of  the  test-hut  which  carried  the  floor  began  to  crack. 

DoYetailed  Corrugated  Sheets.    Ferroinclaye.    Sheets  of  thin  steel  corru- 
gated so  as  to  form  dovetailed  grooves  have  been  used  as  a  reinforcement  and  cen- 


y*!*."tVii*i*V;  • ,';:  •  ,•»  eM  p&&br  .* 

Fig.  45.    Ferroindave  Reinforcement  for  Concrete  Floors 

tering  for  concrete-steel,  the  dovetailing  serving  to  unite  the  sheets  to  the  concrete. 
The  Brown  Hoisting  Machinery  Company  of  Cleveland,  Ohio,  has  patented, 
imder  the  name  Ferroindave,  a  tapered  corrugation  which  is  small  enough  to 
hold  hard  mortar,  and  hence  can  be  plastered  on  the  under  side.  Fig.  45  shows 
a  partial  section  of  the  Ferroindave  corrugated  sheets^^the  depth  of  the  corru- 
gations being  H  in,  the  distance  from  center  to  center  of  corrugations  3  in,  and 
the  corrugations,  with  the  opening  between  the  edges,  14  in.  The  tapering  of 
the  corrugations  is  of  espedal  advantage  for  roofs,  as  it  allows  the  sheets  to  be 
lapped  at  the  end- joints,  making  a  roof  absolutdy  tight,  even  if  water  should 

*  Reported  in  Engineering  News,  Nov.  ax,  1901. 
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penetrate  the  cement  coating.  The  principal  advantage  in  the  use  of  oomi- 
gated  sheets  for  floor-construction  is  that  they  sustain  the  concrete,  when  the 
spans  are  of  moderate  width,  before  it  has  set,  thus  saving  the  cost  d  centering 
and  the  time  required  to  put  it  in  place.  This  advantage,  however,  appears 
to  be  offset  by  the  high  cost  of  the  sheets  when  they  have  to  be  shipped. 
This  expense  makes  the  completed  floor  cost  just  as  much  as  the  average  of  the 
reinforced-concrete  systems,  and  more  than  some  of  them.  For  roofs,  how- 
ever, this  construction  is  light  and  relatively  cheap,  as  the  total  thirlcntHsa 
need  not  exceed  iH  in  for  spans  of  4  ft  10  in,  and  only  one  coat  of  asphaltic 
paint  is  required  over  the  cement  to  make  the  roof  waiter-tight.  With  a  good 
coat  of  hard  plaster  or  gauged  mortar  on  the  under-side,  the  iron  will  not  be 
affected  by  heat  until  a  considerable  time  has  elapsed;  and  even  if  the  mortar 
on  the  under-side  should  be  more  or  less  dislodged  by  the  streams  of  water, 
it  can  be  rq)Iaced,  at  a  very  slight  expense.  Another  advantage  in  the  use 
of  Ferroindave  for  roofs  is  that  a  building  can  be  covered  and  made  water- 
tight in  the  most  severe  winter  weather  and  the  cement  applied  during  the  fol- 
lowing qxing. 

Ferroindave  is  made  in  sheets  20  in  wide  and  up  to  10  ft  long,  and  it  is  usu- 
ally of  No.  24  gauge.  For  roofs  it  is  attached  to  purlins  in  the  same  way  that 
iron  looflng  is  attached,  the  most  economical  spadng  of  the  purlins  being  4  ft 
loH  in  center  to  center,  which  accommodates  sheets  10  ft  long  and  leaves  an  end- 
lap  of  3  in.  For  the  cement  top  coat  on  roofs,  a  mixture  of  one  part  Portland 
cement  to  two  parts  sand,  applied  to  a  thickness  of  H-in  above  tiie  top  of  the 
sheets,  is  suffident.  For  floors  a  rich,  gravd  or  crushed-stone  concrete  should  be 
used,  the  thickness  being  governed  by  the  span  and  the  loads  to  be  supported. 

The  following  table  shows  the  ultimate  strength  of  No.  24  Ferroindave  with 
different  thicknesses  of  concrete,  as  determined  by  actual  tests  with  sheets  20  in 
wide  over  a  4-ft  xoH-in  span: 

Thickness  in  inches  of  x  :  2  mortar  above 

themetal iH      2       2H         3        3Vi        4 

Ultimate  strength  in  lb  per  sq  ft  for  a  span 

4ftio>iin 615   9x5    1220     1560  i860  2x20 

A  factor  of  safety  of  6  should  be  ample  for  ordinary  loads. 

About  a  million  square  feet  of  Ferroindave  have  tiius  far  been  used  for  floors, 
rooflng  and  side  walls.  It  is  especially  adapted  for  the  walls,  roofs  and  floors 
of  large  manufacturing  plants,  and  may  be  used  to  advantage  for  partitions, 
gutters,  stair-treads,  vats,  water-doset  partitions  and  fire-proof  doors. 

Berger's  Multiplex  Steel  Plate.  Fig.  46  shows  a  section  of  a  corrugated 
steel  plate  manufactured  by  the  Berger  Manufacturing  Company,  Canton, 
Ohio,  for  floor  and  roof-construction,  the  plate  being  an  invention  of  G.  Fugman. 
As  shown  in  the  illustration,  it  consists  of  a  series  of  vertical  corrugations  of 
sheet  steel,  pamted  or  galvanized,  ending  at  the  top  and  bottom  in  three  half- 
drde  arches,  separating  the  vertical  sides  of  the  comigations  from  each  other 
and  giving  stiffness  to  the  top  and  bottom  of  the  plate.  The  plate  is  made  with 
depths^  D,  of  2,  2^,  3,  3^  and  4  in,  and  in  corresponding  widths  of  isH,  14, 
14H  and  x5  in.  The  maximum  length  of  plate  is  10  ft.  It  can  be  made  of  any 
gauge  of  sted,  from  No.  24  to  No.  16,  but  No.  18  is  as  heavy  a  weight  as  is 
generally  required.  For  floors  and  roofs,  the  corrugated  plate  is  laid  on  top  of 
the  beams  and  the  top  portion  filled  widi  concrete  and  leveled  off  about  i  in 
above  the  plate.  For  wooden  floors  the  nailing-strips  may  be  embedded  in 
the  concrete  and  the  bottom  of  the  strips  raised  only  about  H  in  above  the 
top  of  the  plate.    The  construction  is  very  hg^t  and  strong  and  requires  no 
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ceatertQg.    It  cannot  be  plastered,  however,  on  the  under  side;  and  where 
plaster  ceiling  is  required  it  must  be  constructed  independently  of  the  plate  Iv 
means  of  furring-strips  and  metal  lath.    The  weight  of  the  4-in  plate,  with  : 
1:2:5  furnace- slag  concrete  leveled  i  in  above  the  top  of  the  plate  is  aboii 
40  lb  per  SQ  ft,  and  the  safe  load  for  a  lo-ft  qian  is  given  at  370  lb  per  sq  ft 


Fig.  46.    BerKer*9  Multiplex  Steel  FUte 

While  this  floor  has  several  practical  advantages,  it  cannot  be  considered 
thoroughly  fire-proof,  because  the  metal  is  exposed  on  the  bottom.  But  with 
a  plastered  ceiling  on  the  under  side,  the  iron  would  probably  not  be  afTcctcti 
by  any  ordinary  fire  before  the  latter  could  be  controlled. 

Permanent  Centering.  Numerous  forms  of  sheet-metal  fabrics,  similar  to 
those  just  described,  have  been  developed  in  recent  years  for  use  as  floor-rein- 
forcements. They  consist,  generally,  of  steel  plates  pressed  into  series  of  s<.>lid 
ribs,  variously  spaced,  between  which  the  metal  is  stamped  or  perforated,  or 


Fig.  47.    Permanent  Centering.     Characteristic  Form 

deployed  into  an  open  mesh-work.  The  characteristic  form  b  shown  in  Fig.  47- 
The  mesh  u  kept  small  enough  to  prevent  ordinary  concrete  from  paiaing  through. 
For  use  as  a  reinforcement  the  sheets  are  furnished  either  in  flat  or  segmental 
form.  A  I  :  2H  :  5  stone  or  cinder  concrete  may  be  used,  the  thickness  depend- 
ing upon  the  span  and  the  load  to  be  provided  for.  For  spans  exceeding  from 
3  to  5  ft,  according  to  the  gauge  of  metal,  the  sheets  must  be  temporarily  sup- 
ported  until  the  concrete  has  set.  The  difficulty  of  providing  efficient  fire- 
protection  on  the  underside  of  reinforcements  of  this  type,  and  around  the 
lower  flanges  of  the  supporting  steel  beams,  is  a  serious  disadvantage.    Be- 1 
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vdesL,  the  bond  between  the  metal  and  the  floor-concrete  is  on^one  side  oC  the 
sheet  only.  Some  of  the  Jorms  now  on  the  market,  with  their  special  charac- 
teristics, are  briefly  described  in  the  following  para^^raphs. 

Rib-Truss,  These  plates,  naaiifacturad  by  the  Beiger  Msnulacturing  G>m- 
pany.  Canton.  Ohio,  are  desiflpoed  with  Ave  longitudinal  ribs,  6  in  on  centerB 
and  H>  H»  i  and  iVi  in  high.  The  metal  between  the  ribs  is  slit  into  truss- 
loopa  which  are  further  reinforoed  with  beads  at  right-angles  to  the  main  ribs. 
The  staodaid  sheets  are  24  m  in  width  and  are  carried  in  stock  in  lengths  up  to 
'  la  ft,  and  made  of  No.  24.  a6,  aj  and  a8-gauge  metal. 

Ssll-Ssnteriiig.  In  this  fom,  the  ribs,  manufactured  by  the  General  Fire- 
proofing  Company,  Yoongstown,  Ohio,  are  >M«  in  in  height,  3^  in  on  osntoB 
and  connected  by  expanded  metal.  The  sheets  are  38  in  in  width  and  come  in 
lengths  up  to  14  ft.  Self-Sentering  b  made  of  Na  94,  26  and  28-gauge  metaL 
(See,  also,  page  89X') 

Hy-Rih.  Hy-rib,  oontroHed  by  the  Tnused  Concrete  Steei  Company, 
Detroit,  Mich.,  is  made  in  sheets  measuring  loV^  in  from  center  to  center  of 
outside  ribs  and  having  four  libs  >M«  in  in  height,  and  also  in  sheets  14  in  in 
width  having  three  ribs.  There  is  also  a  tyfte  known  as  the  Deep  Rib.  The 
lengths  are  6,  8,  xo  and  la  ft  The  sheets  are  of  No.  24.  26  or  28  United  States 
gauge,  and  are  furnished  either  flat  or  in  various  types  of  curves.  (See,  also, 
page  891.) 

Corr-Mesh.  Corr-mesh  is  furnished  by  the  Corrugated  Bar  Company, 
Buffab,  N.  Y.,  which  supplies,  ahK>,  special  dips  for  splicing  and  fastening  the 
mesh.  The  ribs,  f4  in  in  height  are  spaced  uniformly  3Ha  in  on  centers,  the 
sheets  being  zaH  in  from  center  to  center  of  outside  ribs.  The  mesh  is  fur- 
nished in  the  standard  United  States  gauge.  Nos.  24,  26  and  28,  but  it  can  be 
furnished  in  other  gauges  if  required.  Standard  sheets  are  6,  8,  10  and  12  ft 
in  length  but  may  be  had  up  to  14  ft.  This  metal  is  always  painted  before  it 
is  shipped  unless  otherwise  ordered. 

Duplex  Sslf-Centsring.  The  Youngstown  Iron  Steel  Company,  Youngs- 
town,  Ohio,  manufactures  the  Duplex  Self-Centering.  It  is  23  in  in  width,  is 
furnished  in  lengths  of  from  4  to  12  ft,  and  in  No.  24,  26  and  28  metal,  United 
States  gauge.  It  weighs  x.37  lb  per  sq  ft  for  the  No.  24  gauge,  1.03  lb  for  the 
No.  26  gauge  and  0.86  lb  for  the  No.  28  gauge;  and  it  has  a  corresponding  cross- 
sectional  area  per  foot  of  width,  of  041  x,  0.308  and  0.257  sq  in. 

Keyridge.  Kcyridge  reinforcement  is  made  by  the  Cellular  Metal  Com- 
pany, of  No.  24,  26  and  28-gauge,  black  steel,  24  in  in  width  and  in  lengths  up 
to  12  ft.  It  is  furnished  with  or  without  perforations.  The  ridges  are  spaced 
$H  in  on  centers,  each  sheet  containing  7%  ridges.  The  sheets  are  so  placed 
that  the  last  half-ridgc  on  each  sheet  overlaps  the  first  full  ridge  on  the  adjoin- 
ing sheet. 

Sectional  Systems.  During  recent  years,  the  Umr  System  or  Separately 
Molded  System,  consisting  of  shop-made  reinforced-concrete  members,  such  as 
girders,  lintels,  floor-slabs  and  wall-panels,  made  at  a  factory  and  shipped  to  the 
sites  of  building  operations,  has  been  receiving  considerable  attention  in  this 
country.  This  system  is  more  completely  discussed  in  Chapter  XXIV,  page  955, 
under  the  title  Separately-Molded  Construction.  The  most  extensive  use 
of  separately  molded  members  has  been  between  the  steel  beams  of  fire-proof 
floor-construction  as  a  substitute  floor-filling  for  the  usual  terra-cotta  or  con- 
crete floor-arches.  The  advantages  of  such  systems,  where  they  are  practicable, 
are  obvious.  Such  members  are  usually  made  as  large  as  they  can  be  conven- 
iently handled  and  of  comparatively  long  span. 
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Diudyantages  of  Sectional  Systems.  The  reason  that  the  Actional 
SYSTEMS  have  not  found  favor  is  because  they  necessitate  a  fairly  uniform  spacing 
of  beams  throughout  a  structure,  and  this  is  generally  impracticable.  The 
casting  of  the  parts  has  hitherto  not  been  commercially  successful,  as  the  forms, 
although  used  repeatedly,  have  been  more  expensive  than  the  usual  centering 
at  the  building;  and  it  is  also  generally  necessary  to  use  a  concrete  that  is 
richer  and  more  carefully  prepared  in  order  that  it  may  stand  the  additional 
handling.  Even  with  all  possible  care,  the  breakages  in  transportation  are 
considerable.  As  the  methods  of  manufacture  of  factory-made  members  are 
constantly  being  perfected,  chiefly  in  mechanical  contrivances  for  cheapening 
the  forms  and  reducing  the  handling  during  the  process  of  manufacture,  the 
economy  of  this  system  is  being  substantiated,  and  particularly  when  it  is  used 
in  combination  with  a  light  structural-steel  fire-proofed  frame. 

Waite's  Concrete  Beam.  In  Fig.  48  is  shown  a  t3rpe  of  sectional  floor- 
construction  that  has  been  used  by  the  Standard  Omcrete  Steel  Company  of 


Fig.  48.    Waite's  Concrete  I  Beam 

New  York  City  in  a  number  of  buildings.  The  floor-construction  consists  of  a 
series  of  concrete  I  beams  lo  or  x  2  in  in  depth*  supported  on  the  lower  flanges  of 
the  steel  beams,  which  are  spaced  from  5  to  7  ft  apart.  The  concrete  beams  are 
set  about  12  in  apart  and  the  spaces  between  the  lower  flanges  are  filled  in  with 
a  c'nder  concrete  of  the  same  composition  as  the  I  beams.  On  the  tops  of  the 
concrete  beams  is  placed  a  metal  fabric  of  small  mesh  on  which  a  lean-concrete 
slab  is  laid.  This  makes  a  comparatively  light  floor-construction,  because  of 
the  large  spaces  between  the  concrete  beams.  The  concrete  I  beams  are  cast 
at  the  shop  and  allowed  to  harden  before  they  are  sent  to  the  building.  In 
the  lower  flange  is  inserted,  as  shown,  a  steel  reinforcement,  of  small  drcular 
or  other  cross-section,  to  furnish  the  necessary  tensile  strength.  The  beams 
are  cast  with  the  proper  lengths,  in  accordance  with  the  drawings;  and  any 
slight  variations  at  the  building  are  made  up  by  filling  the  spaces  between  the 
ends  of  the  concrete  beams  and  the  webs  of  the  steel  beams,  and  covering  the 
webs  of  the  latter  with  concrete.  A  similar  construction,  consisting  of  a  series 
of  T  beams,  with  lower  flanges  i»/^  in  thick  and  12  in  wide  and  stems  2  in  thick 
and  12  in  deep,  of  i  :  4  cinder  concrete,  reinforced  with  M«-in  rods  near  the 
flanges,  and  without  floor-finish  of  any  kind,  successfully  withstood  the  fire, 
water  and  load-tests  of  the  New  York  City  Bureau  of  Buildings  after  having 
been  constructed  28  days.  This  system  has  proved  to  be  practical  in  cases  in 
which  a  flat  or  level  ceiling  is  required  and  the  steel  floor-beams  are  10  in  or 
more  in  depth.  The  cost  of  construction  compares  favorably  with  that  of 
other  flush-ceiling  types. 

The  Siegwart  Floor-System.    This  system  (Fig.  49),  designed  by  Hans 
"^egwart,  of  Lucerne,  Switzerland,  is  in  extensive  use  in  that  country.    A 
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fadoiy  for  makiiig  these  beams  in  America  is  located  at  Montreal,  Canada. 
Tbe  sectional  imits  are  made  in  standard  sizes,  usually  lo  in  in  width,  the  hei^t 
aod  reinforcement  varying  with  the  span  and  load.  In  a  test  on  a  beam  of 
tins  type,  in  which  the  Standard  Section,  No.  21,  was  used,  designed  to  carry  a 
live  load  of  150  lb  per  superficial  ft  over  a  i6-ft  span,  the  construction  with- 
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Beinforcement  1  -j/x  X'Haremeyer  Bar  In  each  Web 
Mixture(]-2H.8^dtop  inch  1-5  Mortar 
Fig.  49.    Siegwart  Reinforced-concrete  Floor-construction 

stood  a  satisfactory  four-hour  fire-test  with  a  load  of  150  lb  per  sq  ft,  followed 
after  the  fire  by  a  test  with  a  bad  of  600  lb  per  sq  ft.  It  is  claimed  for  this 
s>-stem,  that  usmg  the  same  woiiung  units  for  the  strength  of  the  material,  the 
dead  weight  of  the  construction  is  only  one-half  that  of  a  monolithic  reinforced- 
concrete  floor  designed  to  carry  the  same  load  with  the  same  percentage  of 
rdnforoement.  "The  Siegwart  Company  claim  their  method  to  be  much 
cheaper  than  monolithic  floors.  From  quotations  furnished  by  their  Canadian 
Company,  the  price  in  Montreal  is  quite  a  little  less  than  thfe  author's  expe- 
rience for  monolithic  floors  in  the  same  city,  ranging  from  17  to  26  cts  per  sq  ft, 
erected,  for  various  spans  and  loads.  "*  A  modification  of  the  Siegwart  system 
has  been  developed  by  Grosvenor  Atterbury ,  and  has  been  employed  in  two-story 
and  three-story  residence-buildings  for  the  Sage  Foundation  Homes  Company 
at  Forest  Hills  (Long  Island).  N.  Y. 

The  Climax  Floor-System.  This  system  (Fig.  50)  was  designed  by  S.  M. 
Randolph,  and  b  marketed  by  the  Climax  Company,  Chicago,  111.  The  design 
is  similar  to  that  of  the  Siegwart  floor-system.   . 
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SECTION 
ng.  50.    CKmaz  Rdnfoxxxd-concrete  Floor-construction 

The  Vaiigliftn  Floor-System.  The  Vaughan  Company  of  Detroit,  Mich., 
is  manufacturing  a  shop-made  tmit  which  is  employed  considerably  throughout' 
the  Middle  West.  The  general  form  of  this  unit  is  like  that  of  Waite's  concrete 
beam,  shown  in  Fig.  48. 

The  Watson  Floor-System.  Two  types  of  sectional  floor-systems  for  fire- 
proof floor-fillings  between  steel  beams  are  shown  in  Figs.  51  and  52.    For  long 

*  Chas.  D.  Watson.  Concrete  Construction  with  Separately  Moulded  Membos  and 
Ooata.    Proc.  Nat.  Aaso.  Cement  Users,  Vol.  VI,  1910. 
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sputA  and  keftvy  loads,  the  T  sections  are  used,  laid  side  by  side;  and  for  spans 
less  than  20  ft  and  loads  of  200  lb  {ler  sq  ft  or  less,  the  beams  are  spaced  5  ft 
on  centers  with  flat  slabs  between.    This  system  is  controlled  and  installed  by 
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TYPE  A 

Suspended  Celling 
Fig.  51.    WatKA  ReiafanedKXXicfete  Floar-constructkm.    Without  Slabs 


the  Unit  Construction  Company  of  St.  Louis,  Mo.  Beams  and  girders  are 
cast  with  unit  frames  in  horizontal  molds  and  slabs  are  made  on  edge  in  steel 
forms.  In  the  American  School  Board  Journal  for  August,  1912,  Theodore  H. 
Skinner  describes  the  construction  and  erection  of  a  story-and-basement  school- 
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Fig.  62.    Watson  Rcinforced-coocrete  Floor-CDOstniction.    With  Slabs 


house  with  a  structural-steel  frame  and  shop«made  reinforoed-concrete  joists* 
with  unit-ribbed  reinforced-concrete  slabs. 

Berger  Metal  Lumber.  A  development  of  the  Berger  Prong  Lock  studding 
and  furring,  described  on  page  886,  has  given  rise  to  a  system  of  prcssed-sted 
I  joists,  channel-joists,  comer-joists,  wall-ribbons,  etc»  which,  in  connection  with 
the  studs  and  metal  lath,  are  used  as  substitutes  for  ordinary  wooden  framing  in 
the  construction  of  walls,  floors,  roofs  and  partitions.  Partition-construction 
is  fully  described  on  pages  886  and  887.  In  floor-construction,  the  Z  joists 
and  channel-joists,  of  No.  16  to  12  United  States  gauge  sheet  metal,  are  braced 
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by  metal  bridgitig*  to  give  ftdditloaal  rigidity.  A  typAdaX  floor-eonstruction  is 
shown  in  Fig.  63.  The  steel  floor-joists  ar6  Covered  above  with  a  concrete  slab 
reinfonxd  with  expanded-metal  lath,  and  the  lower  flanges  are  protected  by  a 
caHng  of  metal  kith  and  cement  plaster  attached  to  the  joists  by  means  of  the 
prodgi.  The  metal-lumber  joists  frame  into  ordinary  steel  girders,  resting  on 
a  shelf-Angle  as  shown  in  the  drawing.  The  joists  are  cut  to  length  at  the 
factory,  piropetly  marked  and  tagged  audi  with  the  erection-diagrams,  are 


Fig.  53.    Berger's  Metal  Lumber  and  Concrete  FI6or-€onstruction 

shipped  to  the  site.  All  joints  and  splices  are  riveted  in  the  field.  The  steel 
girders  should  be  properly  incased  in  some  fire-proof  covering.  The  materials 
for  this  floor-construction  are  manufactured  by  the  Berger  Manufacturing 
Company,  of  Canton,  Ohio,  which  publishes  safe-load  tables  for  metal- 
lumber  X  jmst^  and  channel-studs  for  spans  of  from  4  to  20  ft.  This  system, 
contemplating  the  use  of  steel  joists  and  girders,  not  thoroughly  incased  with 
fire-proof  materials,  should  not  be  considered  thoroughly  fire-resistant  under 
severe  tests.  It  has  been  extensively  used  to  replace  combustible  building- 
omstniction,  especially  in  residence-buildings. 

Protection  of  Oirdert  and  Beams.  No  form  of  door-construction  can  be 
considered  thoroughly  fire-proof  unless  it  includes  a  protection  of  the  lower 
flanges  of  all  steel  b^ms  and  girders,  or  provides  for  the  protection  of  all  steel 
used  in  its  construction  or  support.  The  material  used  for  the  protective  cover- 
ing is  generally  the  same  as  that  used  in  the  floor-construction  itself.  The 
principal  materials  are  tile,  dther  dense,  porous,  or  semlporous,  and  concrete 
either  of  dnders,  stone,  or  slag.  Plaster  compositions  have  also  been  used, 
but  ar*  Hot  recommended.  (See  page  818.)  Beam-protection,  where  the  floor- 
oanstmctlon  incases  the  sides  of  the  beams,  as  in  Figs.  17,  20,  or  39,  should 
aevcr  be  less  than  z  In  thick.  Where  paneled  ceilings  are  used,  that  is,  where 
the  bwtr  part  of  the  beams  is  below  the  lower  side  of  the  floor-construction, 
is  in  FIgt.  IS,  35,  or  44,  the  protection  should  be  hicreased  to  at  least  iM  in 
aCallDoliita. 
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lUe  B6Am-Protecdoii.  When  tOe  is  used*  there  are  two  types  of  protec* 
tion.  In  one  case  the  blocks  incasing  the  bottom  flanges  of  the  steel  bouns  meet 
at  the  middle  of  the  lower  side  of  the  flanges;  in  the  other,  they  simply  turn 
under  the  edges  of  the  bottom  flanges  and  hold  flat  tiles  with  beveled  edges 
against  the  lower  side  of  those  flanges.  The  former  is  the  better  method,  as 
in  the  latter  the  danger  of  breakage  of  the  part  extending  under  the  flange  is 
supplemented  by  the  possibility  of  an  omission  of  the  flat  protection-tiles.    The 
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Fig.  54.    Tile  Protection  for  Box  Girder 

blocks  incasing  the  lower  flanges  may  be  the  skew-backs  of  the  ardi,~or  they 
may  be  separate  blocks.  Different  forms  and  conditions  are  illustrated  in  Figs. 
15  to  27.  Fig.  29  shows  the  entire  beam  protected  by  blocks  on  both  sides. 
Girders,  which  often  project  below  the  ceiling-line,  are  much  more  exposed  to 
the  effects  of  fire  and  water  than  the  floor-beams,  and  they  should  have,  therefore, 
the  most  efficient  protection.    As  a  rule,  such  girders  should  be  provided  with 


Fig.  55.    Tile  Protection  for  I-beam  Girders 

not  less  than  4  in  of  terra-cotta  protection  at  the  sides  and  iVi  in  of  solid  tile 
on  the  bwer  side  with  a  space  of  Vi  in  between  the  terra-ootta  tiles  and  the 
girder.  Figs.  54  and  55  are  typical  methods  of  protecting  girders  by  means  of 
hollow  tiles.  The  bottoms  of  the  skew-backs  (Fig.  54)  are  prevented  from 
spreading  by  wire  ties  placed  in  the  end-joints  between  the  soffit-tiles  and 
hooked  into  the  round  holes  in  the  skew-backs.    Single-beam  girders  are  usually 
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protected,  as  shown  in  Figs.  25  and  56,  the  latter  figure  showing  more  par- 
tiailarly  the  protection  of  a  beam  at  the  side  of  an  opening  in  the  floor. 


Ftg.  58.    TOe  Protection  for  Single-beam  Girder 

C<mcrete  Beam-Protection.  A  more  thorough  incasing  of  the  webs  anr* 
lower  flanges  of  beams  and  girders  can  be  accomplished  by  the  use  of  concrete. 
The  superior  fire-proof  character  of  cinder  concrete  makes  it  the  best  material 
for  this  puipose.    If  of  sufiBdent  thickness  and  properly  applied,  it  will  hold 


jfig.  57.    Concrete  Protection  for  I  Beam 

9ecurd|y»  without  reinforcement,  around  the  flanges  of  beams  and  girders. 
But  where  it  is  less  than  2  in  thick,  wire  or  metal  lath,  wrapped  around  the 
flanges,  should  be  embedded  in  it.  A  common  form  of  concrete-protection  is 
shown  in  Fig.  33.    Sometimes  the  soffit  of  the  beam  is  protectejiUby  a  concrete 
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slab  with  an  insulating  air-spooe.  This  method  is  one  that  may  be  advan- 
tageously used  for  the  protection  of  girders.  A  6re-test  of  this  fonn  of  giider- 
protection  made  in  the  Butterick  Building,  New  York  City,  thoroughly  estab- 
lished its  efficiency.  A  typical  girder-piptectioo  of  dnder  concrete  is  shown  in 
the  Roebling  method  in  Fig.  57.  Hung  ceilings  are  sometimes  used  as  the 
protection  for  the  steel  beams.  This  is  very  bad  practice,  as  these  ceilings 
are  more  than  likely  to  collapse  in  a  severe  fire.  The  experience  in  the  Bal- 
timore fire  confirms  .this  belief.     (See,  also,  pages  780  to  782.) 

The  Fireproofing  of  Trusses.  When  steel  trusses  are  used  to  support  the 
roof  or  several  stories  of  a  building  it  is  very  important  that  they  be  protected, 
not  only  from  heat  sufficient  to  warp  them,  but  also  from  expansion  sufficient 
to  afifect  the  vertical  position  of  the  coliunns  on  which  they  are  supported.  The 
following  description  of  the  covering  of  the  trusses  in  the  Tremont  Temple, 
Boston.  Mass.,  furnishes  a  good  illustration  of  the  way  in  which  this  should  be 
accomplished:  "The  steel  girders  were  first  placed  in  terra-cotta  blocks  on  all 
sides  and  below,  these  blocks  being  then  strapped  with  iron  all  around  the 
girders,  and  upon  this  was  stretched  expanded-metal  lathing,  covered  with  a 
heavy  coating  of  Windsor  cement;  over  this  comes  iron  furring,  which  receives 
a  second  layer  of  expanded-metal  hith.  the  latter,  in  turn,  receiving  the  finished 


SECTION  OF  BRACINQ 
SECTION  OF  STRUT 

^^Fig.  58.    Tile  Protection  for  Members  of  Steel  Trusses 

plaster.  There  is.  consequently,  in  this  arrangement  for  fire-protection,  first, 
a  dead-air  space,  then  a  layer  of  terra-cotta,  a  Windsor  cement  covering,  another 
dead-air  space,  and  finally,  the  external  Windsor  cement. "  Numerous  shapes 
of  terra-cotta  tiles  are  made  for  incasing  the  structural  shapes  commonly  used 
in  steel  trusses.  Some  of  these  are  shown  in  Fig.  58.  The  tiles  should  always 
be  secured  in  place  by  metal  clamps  passing  entirely  around  the  envebpe.  or 
better  still,  by  wrapping  with  wire  lath.  The  tiling  should  then  be  plastered 
with  hard  wall-plaster.  Trusses,  also,  may  be  fire-proofed  by  completely  in- 
casing the  several  members  in  cinder  concrete,  either  with  or  without  metal 
reinforcement.  When  trusses  are  to  be  firepioofed,  the  additional  weight  must 
be  provided  for  in  the  strength  of  the  truss. 

Steel  Framing  for  Fire-proof  Floors.  Before  the  framing-plans  of  a  build- 
ing can  be  made,  it  is  necessary  to  decide,  in  a  general  way.  upon  the  system 
OF  FUX)R-cx>NSTRUcnoN  or  fireproofing  that  will  be  employed;  thus,  if  any  one 
of  the  LONG-SPAN  SYSTEMS,  such  as  the  Herculean,  Johnson,  and  many  of 
the  concrete  systems,  is  to  be  adopted,  the  girders  should  be  spaced  so  that 
the  floor-construction  will  span  between  them,  without  floor-beams,  as  shown 


y  Google 


Fife-proof  Floor-Construction 


M7 


in  Fig.  59,  irlule  if  an  cntotNAKY  rLAf -TtUB  AACK  is  to  be  u^,  floor-bMitti  will 
be  leqtdred,  sptced  ftom  sH  to  9  ft  apart,  and  these  beams  must  be  supported 
hf  gjnkn,  as  indicated  in  Fig.  60.  When  there  are  no  floor-beams,  a  snoi^ 
BBAM  should  be  riveted  between  the  columns,  as  in  Fig.  59,  to  hoM  the  latter 
in  place  during  erection  and  to  stiffen  the  building.  It  should  be  remembered 
that  with  floo^beiHtts  spaced  not  more  than  7  ft  on  oenteis,  almost  any  syi/tma 
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of  floor-construction  may  be  employed;  while  if  the  floor-beams  are  omitted, 
there  are  few  systems  to  select  from.  With  any  fonn  of  fiUtng  between  beams 
or  girders,  less  steel  is  required  for  moderate  than  for  excessive  spans  of  beams 
orgirden. 

Comyutationfl  for  tiia  Steel 'Framing.  The  computations  for  the  steel 
beams  and  girders  <^  a  &re-proof  floor  are  very  muqh  the  some  as  for  a  wooden 
floor.  The  load  or  loads  which  any  given  beam  is  required  to  support  are  first 
estimate  and  then  the  beam  of  the  necessary  size  to  support  the  load  is  selected 
The  DEAD  LOAD  for  any  fire-proof  floor  may  be  estimated  with  suflideat  accuracy 
by  means  of  the  data  given  in  this  chapter  in  ooanoction  with  the  different 
systems  of  floor-construction.  The  dead  load  should  include  the  weight  of  the 
beamSk  the  fireproofing,  including  all  Concrete  fiHing»  the  plastering,  furrkg» 
lathing,  nailing-strips  and  flooring.  The  UVB  loads  may  be  estimated  by 
meaas  of  the  data  given  in  Chapter  XXI>  pages  7x8  to  7^1* 

Sottpla.  Hw  best  artsngement  for  the  oohmms  in  a  retail  store  is  to  set 
them  iS  ft  on  centers  la  one  direction  and  19  ft  6  in  in  the  other.  It  is  decided 
to  nm  the  gfa-ders  as  shown  by  Fig.  60,  and  to  put  a  beam  opposite  each  colunm 
aa^  two  bems  b^tweon  tttt  oolumns.  It  is  required  to  determine  the  proper 
Am  of  the  beans  and  gMen,  using  an  ofrdinaiy  endarch  constniclion  between 
the  beams. 
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Solution.  From  Table  VU,  page  837.  we  find  that  the  least  depth  of  arch 
which  it  is  advisable  to  use  is  10  in,  but  as  we  will  probably  have  to  use  x2-in 
beams  it  will  be  better  to  figiire  on  a  12-in  arch,  as  this  will  give  less  filling 
on  top.  The  weight  of  the  x  2-in  arch  will  be  about  39  lb  per  sq  ft.  We  shall 
probably  require  2  in  of  concrete  filling  on  top,  which  will  weigh  16  lb,  and 
I H  in  of  light  filling  between  nailing-strips,  weighing,  say,  9  lb  per  sq  ft.    The 
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Fig.  60.    Steel  Floor-framing  for  Short-span  Construction 
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flooring  and  nailing-strips  will  weigh  about  4  lb,  the  plastering  on  the  ceiling 
5  lb,  and  we  must  allow  at  least  6  lb  per  sq  ft  for  the  weight  of  the  beams  them- 
selves. These  make  a  total  dead  weight  of  79  lb  per  sq  ft.  The  live  load  for 
a  retail  store  should  be  taken  at  150  lb  per  sq  ft,  making  a  total  load  per  square 
foot  on  the  beams  of  229  lb.  The  total  load  that  each  beam  must  be  capable  of 
supporting  will  be  6Vi  ft  by  18  ft  by  229  lb,  or  26  793  lb,  or  13.4  tons,  which  is 
assumed  to  be  uniformly  distributed.  From  Table  IV,  page  580,  we  find  that 
this  k>ad,  with  a  span  of  18  ft,  will  require  either  a  12-in,  4S-lb  beam,  or  a  is-in, 
42-lb  beam.  The  latter  will  be  both  stronger  and  cheaper,  but  will  increase  the 
thickness  of  the  floor  by  3  in  and  require  additional  filling. 

The  girder  must  support  two  concentrated  loads  of  26  793  lb  or  13.4  tons  each. 
On  page  566  it  is  stated  that  when  a  beam  supports  two  equal  loads  appUed 
at  points  one-third  the  length  of  the  span  from  each  end,  the  equivalent  uni- 
formly distributed  load  may  be  found  by  multiplying  one  load  by  2^.  Multi- 
plying 26  793  lb  by  2^  we  have  71  448  lb  as  the  equivalent  distributed  load  on 
the  girder,  t^  which  should  be  added  the  weight  of  the  girder.  Thia  requires 
a  standard  34-in  80-Ib  beam  (Table  IV,  page  577). 
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If  instead  of  using  tile  arches  between  beams  6V6  ft  apart,  we  conclude  to 
use  the  Herculean  or  Johnson  construction  spanning  from  girder  to  girder,  we 
should  frame  our  floor  as  in  Fig.  59.  For  this  span  we  should  require  lo-in  tiles, 
weighing  55  lb  per  sq  ft.  Allowing  8  lb  for  x  in  of  concrete,  9  lb  for  filling,  4  lb 
for  flooring  and  strips  and  5  lb  for  plastering,  we  have  8x  Ib'as  the  dead  load  per 
square  foot.  We  have  added  nothing  for  the  weight  of  the  girder,  as  thb  W}11 
be  fully  offset  by  the  portions  of  the  floor  not  loaded.  The  live  load  per  square 
foot  will  be  150  lb  as  before,  and  the  total  load  to  be  supported  by  the  girder, 
18  ft  by  19  ft  6  in  by  231  lb,  or  8x  o8x  lb,  or  40.54  tons,  which  will  require  a 
24-in  80-lb  beam  (Table  IV,  page  577).  Hence  by  this  arrangement  we  save 
the  weight  of  the  floor-beams;  but  a  6-in  strut-beam  should  be  placed  between 
the  columns,  as  in  Fig.  69.  The  calculations  for  any  other  floor-construction 
are  similar  to  the  calculations  for  this  example,  the  only  variations  being  in 
the  figuring  of  the  dead  weights  of  the  construction. 

Tables  for  Floor-Beams.  It  is  a  difficult  matter  to  prepare  tables  that  may 
be  generally  used,  showing  the  size  of  steel  beams  required  for  fire-proof  floors, 
because  such  beams  are  often  irregularly  spaced,  and  there  is  a  wide  variation 
in  the  dead  loads.  The  foUpwing  tables,  however,  may  be  used  in  making  approx- 
imate estimates  and  in  checking  the  computations  for  any  particular  floor.  The 
sizes  of  I  beams  given  may  be  safely  used  where  the  total  live  and  dead  loads 
do  not  exceed  the  values  given  in  the  headings.  The  total  loads  should  include 
suffident  allowance  for  the  weights  of  any  partitions  that  the  floor-beams  may 
be  called  upon  to  support. 


tM»  Xnr.    SiMS  and  Weights  of  I  Beams  for  Floors  of  Offices,  Hotels 

and  Apartment-Houses 

Total  load,  xao  pounds  per  square  foot 

Span  of 

Distance  between  centers  of  beams  in  feet 

hf^MTIH 

AH 

s 

S^ 

6 

7 

in  feet 

in    lb 

in    lb 

in    lb 

in    lb 

in    lb 

10 

6    12H 

6    12K 

6    12W 

6    12W 

7    IS 

XI 

6    laVi 

6    12H 

7    IS 

7    IS 

7    IS 

X2 

6    laW 

7    IS 

7    IS 

7    IS 

8    18 

13 

7    IS 

7    IS 

7    IS 

8    18 

8    X8 

14 

7    IS 

8    18 

8    x8 

8    X8 

9    21 

15 

8    x8 

8    x8 

8    x8 

9     21 

9    21 

x6 

8    x8 

9    21 

9     2X 

9    21 

10    2S 

17 

9     21 

9    21 

9    21 

10    25 

10    25 

18 

9    21 

9    ax 

.10     2S 

XO     25 

12     31H 

19 

9    21 

XO     25 

10     25 

XO    25 

12     31H 

JO 

10    25 

XO     2$ 

12    31 H 

12     31 W 

12     31H 

21 

10    2S 

12    31 Vi 

12     3m 

12     31 H 

12     31H 

23 

ID     25 

18     3m 

12     31W 

12     3XH 

IS    42 

23 

12     31W 

12    3iVi 

12    3lJ4 

12     31H 

IS    42 

24 

12     31H 

12     31H 

12    ziH 

IS    42 

IS    42 

25 

12     3m 

12    3lV4 

IS    42 

IS    42 

IS    42 
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Total  load,  300  pounds  per  square  foot 


Span  of 

bftftm* 

4>i 

5 

SM 

6 

t 

in  fact 

in    lb 

in    lb 

in    lb 

in    lb 

in   lb 

10 

7    IS 

7    IS 

7    IS 

8    18 

8    18 

II 

7    IS 

8    18 

8    18 

8    18 

9    21 

13 

8    18 

8    18 

9    21 

9     21 

9    «x 

u 

8    18 

9    21 

9    21 

10    25 

10   as 

14 

9    ai 

9    21 

10    25 

10    25 

u  31H 

IS 

9     21 

10    25 

10     25 

12    31H 

12  31 H 

16 

ID     2S 

10    25 

12     31W 

12    3iH 

la   31H 

X7 

10    25 

12     3lV^ 

12     31 H 

12     3XVi 

la   40 

18 

12     31W 

12     31 W 

12     ilVi 

IS    40 

la   40 

19 

12     3lVi 

12     3X^4 

12     40 

12     40 

IS    4a 

20 

13     31W 

12     40 

13     40 

IS    42 

15    42 

Table  ZVI.    Sixes  and  Weights  of  I  Beams  for  Floors  of  Warehouses 

Total  load.  270  pounds  per  square  foot 


Distance  between  centers  of  beams  in  feet 

Span  of 

' 

beams 

Ayi 

5 

5>i 

6 

6^ 

in  feet 

in    lb 

in    lb 

in    lb 

in   lb 

in   lb 

10 

8    18 

8    18 

8    18 

9   31 

9   n 

II 

8    18 

9    21 

9    21 

9   21 

10     25 

12 

9    21 

9    21 

10     25 

10    25 

10   25 

13 

10    25 

10    25 

10    25 

12     2lM 

12    3iJ4 

14 

10    25 

12    3iH 

12    31 M 

12    3iV4 

12    31^ 

IS 

12    31 W 

12    31 Vi 

12  3IW 

12     31 W 

12    40 

16 

12    31 W 

12    31 V4 

12    31 V4 

12     40 

12    40 

17 

12    31^^ 

12    40 

12     40 

12    40 

IS    42 

18 

12    40 

12    40 

IS    42 

IS    42 

IS    42 

19 

12    40 

IS    42 

IS    42 

15    42 

13    41 

.20 

IS    42 

IS    4a 

IS    A2 

IS    45 

1$    5S 

Ti«-rodt.  In  all  segmental  arches  and  other  types  in  which  a  thmst  is 
exerted  against  the  beams,  tie-rods  must  be  provided  to  pieveat  the  beams 
from  being  pushed  apart,  and  especially  to  prevent  the  outer  basrs  from  spread- 
ing. They  should  run  from  beim  to  beam  from  one  end  of  the  floor  to  the 
other.  If  the  outer  arches  spring  from  an  angle,  as  in  Fig.  14,  the  tie-i\Kb  in 
this  bay  should  be  anchored  into  the  walls  with  large  plate-wash^,  TV 
tie-rods  should  be  located  in  the  lines  of  thrust  of  the  arches,  which  are 
ordinarily  below  the  half-depth  of  the  beams,  and  in  some  cases  near  the  bottom 
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flanges.  If  thdr  appeanmoe  k  objectionable,  they  should  be  hidden  by  a  hung 
cdUng.  For  constructional  purposes  th^  are  desirable  ia  all  types  of  floor- 
construction,  even  though  the  floors  do  not  exert  a  thrust  on  the  beams. 
As  a  rule  tie-rods  are  proportioned  and  spaced  according  to  some  rule  of 
THUMB  rather  than  by  actual  calculations  of  the  thrust.  For  the  interior  arches 
this  practice  is  probably  safe  enough,  but  for  outside  spans,  and  particularly 
for  segmental  arches,  the  thrusts  of  the  arches  should  be  computed  and  the 
rods  proportioned  accordingly.  The  spacing  of  the  rods  is  generally  eight 
times  the  depth  of  the  supporting  beams,  but  never  more  than  8  ft.  For  interior 
flat-tile  arches,  the  following  rule  can  usually  be  safely  followed:  for  spans  of 
6  ft  or  less,  use  f4-in  rods  spaced  about  $  ^t  apart;  for  7-ft  spans,  ^-in  rods, 
5  ft  apart  and  for  9-ft  spans,  H-in  rods,  4  ft  apart. 
The  Bo&izoNXAi.  TBitusT  of  m  ftTch  may  be  found  by  the  following  formula: 

in  which 

T  ■>  pressure  or  thrust  in  pounds  per  linear  foot  of  arch; 

w  ■>  load  on  arch  in  pounds  per  square  foot,  uniformly  distributed; 

L  ■>  span  of  arch  in  feet; 

R  ■>  rise  of  segmental  arch,  or  effective  rise  of  flat  arch,  in  inches. 

The  BiSE  of  a  segmental  arch  is  measured  from  the  springing-line  to  the  soffit 
of  the  arch  at  the  middle.  For  flat  hollow-tile  arches,  the  effective  rise  may  be 
figured  from  the  top  of  the  beam-flange  to  the  top  of  the  tiles.  As  the  tiles 
usually  project  from  x^  to  2  in  below  the  bottom  of  the  beams,  the  effective 
rise  will  be  from  3  to  2H  in  less  than  the  thickness  of  the  arch.  For  the  interior 
arches  of  a  floor,  w  may  be  taken  for  the  live  load  only,  [but  for  the  exterior 
arches,  w  should  include  both  the  full  dead  and  live  loads.  Having  found  the 
thrust  of  the  arch,  the  BPAaNG  or  the  rods  of  any  particular  size  mny  be 
readily  determined  by  dividing  the  safe  load  given  for  that  sise  of  rod  in  the 
table  on  page  388,  allowing  16  000  lb  UNrr  stress,  by  the  thrust.  The  result 
will  be  the  ^Kidng  in  feet, 

Bzampie.  What  size  of  tie-rods  and  what  spacing  should  be  used  for  the 
floor-constructbn  described  on  page  868,  in  the  preceding  example? 

Solntloii.  The  depth  of  a  tile  arch  is  12  in,  the  dead  load  79  lb  and  the 
assumed  live  load  150  lb.  The  span  between  the  beams  is  6^  ft.  Then,  for 
the  interior  arches,  w- 150  lb,  ^-12—2^-9^  in,  L-6^  ft  and  T- 
(3  X  150  X  42.25)/(2  X  9V4)  -  X  000  lb.  The  tensile  strength  of  a  ?4-in  rod,  not 
upset,  at  16  000  lb  per  sq  in,  is,  from  Table  II,  page  388,  4  832  lb.  Divid- 
ing this  by  I  000  we  have  a  little  less  than  4  ft  10  in  as  the  spacing.  The 
tensile  strength  of  a  H-in  rod  is  given  as  6  720  lb,  which  would  admit  of  a  spac- 
ing of  a  little  more  than  6  ft  8  in.  For  tha  outer  spans,  w  should  be  taken  at 
150+  79  -  229  lb.  Then  T  -  (3  X  229  X  42.2s)/(2  X  9W)  -  i  5^6  lb.  For 
this  thrust  we  should  use  M-in  rods  spaced  about  4  ft  5  in  apart. 

Loftd-Testi,  It  may  be  desirable  at  times  to  test  fire-proof  floors  after  they 
have  been  installed.  The  same  precautions  should  be  taken  as  for  tests  on  rein- 
foroed-concrete  construction,  desiaibed  on  page  967.  If  it  is  desired  to  determine 
from  such  tests  the  ultimate  strength,  a  section  of  the  floor  of  a  width  equal 
to  the  span  should  be  cut  loose  from  the  rest  and  loaded  to  destruction,  the 
supporting  steel  beams  being  shored  up  during  the  test.  The  safe  workino 
LOAD  is  found  by  dividing  the  BREAXUfO-iiOAO  by  the  proper  tactor  of  safety. 
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6.  Fire-proof  Roof-ConBtmctioii 

Flat  Roofs.  Flat  roofs  are  constructed  in  the  same  way  as  the  floors,  except 
that  the  beams  and  girders  are  set  so  as  to  give  a  slight  pitch  to  the  roof  to 
drain  the  water.  As  the  roof-loads  are  usually  less  than  the  floor-loads  and 
as  there  are  no  partitions  to  be  supported,  the  arches  or  roof-paneb  are  usually 
considerably  lighter  than  the  floor-panels,  but  the  general  construction  is  prac- 
tically the  same  for  both.  When  the  roof  is  formed  of  reinforced  concrete, 
the  beams  should  be  set  so  that  the  concrete  will  give  the  desired  inclination 
to  the  roof,  and  should  have  a  nearly  imiform  thickness,  as  this  reduces  the 
amount  of  concrete  required,  and  also  the  weight.  If  the  roof  is  to  be  covered 
with  tin  or  copper,  nailing-strips  should  be  embedded  in  the  concrete,  as  for 
wooden  floors,  and  the  entire  roof  sheathed,  as  it  is  claimed  that  tin  or  copper 
laid  over  terra-cotta  or  concrete  will  rust  out  in  a  few  years.*  Gravel  or  tile 
roofs  may  be  built  without  woodwork  of  any  kind.  Whether  terra-cotta  or 
concrete  is  used  for  the  roof-panels,  the  sides  and  bottoms  of  the  steel  beams 
and  girders  should  be  efficiently  protected,  and  all  columns  or  other  structural 
metal  in  the  roof-space  well  protected.  In  an  ordinary  building,  in  which  there 
are  stair-wells  or  elevator-wells,  the  roof  and  upper  ceiling  are  likely  to  be  more 
severely  tested  by  heat,  in  case  of  flre,  than  any  of  the  floors  below,  and  experi- 
ence has  shown  that  this  part  of  the  building  often  has  the  poorest  protection. 

Pitched  Roofs.  Pitched  roofs  may  be  constructed  in  various  ways,  accord- 
ing to  the  material  that  is  to  be  used  and  the  kind  of  roofing  that  is  to  be  em- 


Fig.  61.    Tile  Fireproofiog  for  Roof-construction 

ployed.  When  terra-cotta  is  to  be  used  for  the  fireproofing,  the  most  oommon 
method  of  construction  is  that  which  involves  the  framing  of  the  roof  with  I- 
beam  rafters  and  T-iron  purlins,  set  horizontally  and  spaced  i  in  farther  apart 
than  the  lengths  of  the  tile.  Between  the  tees,  book-tiles  or  roofing-tiles  are 
placed  as  in  Fig.  61,  and  the  roofing  is  applied  directly  to  the  surface  of  the  tiles. 
If  the  roofing  is  to  be  of  slate  or  of  clay  tiles,  solid,  porous  terra-cotta  blocks 
should  be  used  between  the  tees,  as  the  solid  blocks  hold  the  nails  better  thaa 
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do  the  hollow  tiles.  The  same  construction  may  be  used  for  6at  roofs;  but  on 
aoount  of  the  expense  of  the  tees  it  will  usually  be  more  expensive  than  the 
ooDstruction  above  described,  and  not  as  strong  or  desirable.  With  the  con- 
struction shown  in  Fig.  61,  it  is  impossible,  by  any  economical  method,  to 
efiBciently  protect  the  bottom  of  the  T  irons  from  the  effects  of  heat. 

Rdnforoed-dnder  concrete,  or  reinforced  porous  terra-cotta  tile,  Johnson 
System,  affords  an  excellent  and  also  an  economical  construction  for  fire-proof 
pitched  roofs.    Either  of  these  constructions  may  be  filled  between  or  on  top 


BOOK  TILE 

Fig.  62. 


QOVERNMENT  ROOFftaO'TILE 
HoUow  Book-tile  and  Solid  Tile  for  Roofs 


of  the  rafters  without  the  use  of  purlins,  except  about  once  in  from  6  to  lo  ft» 
to  prevent  sliding  and  to  stiffen  the  roof. 

"Three-inch  plates  of  concrete,  with  expanded  metal  embedded,  have  been 
successfully  used  in  spans  of  from  6  to  7  ft  and  in  some  cases  even  in  ft-ft  spans. 
The  concrete  is  deposited  on  wooden  centerings,  as  in  the  floor-construction, 
and  the  upper  side  is  smoothed  off  during  the  setting  and  floated  smooth  and 
straight  to  receive  the  roof-covering. "  '*' 

The  roof-covering,  usually  shite,  or  ckiy  tiles,  may  be  nailed  directly  to  the 
cooaete^  as  dnder  concrete  holds  the  nails  nearly  as  well  as  does  wood.    This 


Fig.  63.     Bonanza  Reinforoed<eineDt  Tiles  for  Pitched  Roofs 


applies  only  to  cinder  concrete,  as  it  is  quite  impossible  to  nail  into  rock  concrete 
or  gravel  concrete.  In  concrete  roofs  the  rafters,  also,  should  be  surroimded 
with  concrete  held  in  place  by  metal  lath.  With  terra-cotta  roofs,  the  beams 
should  be  incased  with  terra-cotta  blocks.  Fig.  62  shows  the  standard  shapes 
of  book-tiles  and  solid  roofing-tiles.    These  are  made  2,  lyi  and  3  in  thick,  and 
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from  16  to  24  in  long.  Threc-indi  book-tites  wdgh  abotrt  13  !b  per  aq  ft  md 
aW-in  solid  tiles  about  16  lb  per  sq  ft.  Tiles  of  both  of  these  shapes  are  abo 
used  for  ceilings  and  where  a  light,  fire-proof  filling  Is  reqmred. 

Reisforced-Cement  Tiles.  Cement  tiles  of  mter1o<iing  types,  made  in  the 
factory  and  reinforced  with  metal  fabric  or  me^,  may  be  laid  without  ^eathins 
directly  on  sted  purlins.  This  type  of  construction,  however,  is  suitable  only 
as  a  semifire-resisting  roof-oovering,  as  it  is  usutilly  made  with  plates  of  bsnffi- 
dent  thickness  and  does  not  contemplate  the  borough  incasing  of  the  steel 
understructure  with  concrete  or  other  fire-resisting  materials.  Bonanza  Cement 
Tile  roofing  b  a  t3i)e  of  this  shop-made  tile  and  is  manufactured  and  controlled 


a^WgqiMire  twlgted  bar 


Fig.  64.    Bonanasa  Reinforoed-cement  Tiles  for  Flat  Roob 

by  the  American  Cement  Tile  Manufacturing  Company,  Wampum,  Pa.  and 
Lincoln,  N.  J.  Two  types  of  tiles  are  made,  one  for  pitched>roof  and  the  other 
for  flat-roof  construction  (Figs.  63  and  64).  The  properties  of  the  tiles  are  given 
in  the  following  tabulation: 


Standard,  PitchMl-Rool  THet 


Thickness  of  tiles. 

Over-all  dimensions  of  tiles 

Tile-surface  exposed  to  weather 

Number  of  tiles  per  xoo  sq  ft  of  roof. 
Weight  of  tiles  per  roo  sq  ft  of  roof. . 


^in 
26  by  S3  in 
24  by  48  in 
12H 
I  330  lb 


Standard,  Flat-Roof  Tilet 

Width  of  tiles 24  in 

Length  of  tiles 60  in  or  less 

Thickness  of  tiles xH  in 

Reinforcement No.  z6  expanded 

metal  and  sM-in 
square,  twisted  bars 
Weight  of  tilea 16  lb  per  sq  ft 

The  flat-roof  tiles  are  designed  for  and  have  been  used  in  connection  with 
buildings  for  manufacturing-pLants  on  spans  of  s  ft  between  purlins.  On 
these  spans  they  have  been  tested  up  to  an  ultimate  live  load  of  350  lb  per  aq  ft. 
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Fig.  65.    Tiles  for  Mansard  Roof 


The  top  surfaces  of  these  tiles  are  finished  fa  a  weather-prtjof  attd  watet-prottf 
material  of  a  dark,  terra-cotta-red  color. 

Mansard  Roofs  are  usually  framed  with  rafters*  riveted  or  boltod  to  W)iU* 
plates.  The  space  between  the  rafters  may  be  filled  with  ciader  concrete,  hoHow 
partitioa-tiJcs,  or  blocks  ettending  from  rafter  to  n{tcr»  as  in  Fig.  6$.  Slates 
or  tiles  may  be  nailed  directly  to  cinder 
concrete  or  to  porous  terra-cotta.  Prob- 
ably the  best  way  to  attach  slates  or 
tiles  is  to  nail  iH  by  2-in  wooden  strips 
to  the  outer  face  of  the  concrete  or  terra- 
cotta, set  them  at  the  proper  distances 
apart  to  receive  the  sUtes  or  tiles,  and 
then  plaster  between  the  strips  with 
cement  mortar.  This  gives  a  better 
nailing  for  the  roofing,  and  the  wooden 
strips  are  not  affected  by  fixe  until  the 
slate  is  practically  destroyed. 

Roiyf-Coveriikgs.  The  materials  or- 
dinarily used  for  the  roof-covering  of 
fire-proof  binldings  are:  (x)  tar  and 
gravel;  (2)  asphalt  and  gravel  or  sand; 
(3)  vitrified  tiles,  bricks  or  slate  tiles 
over  tarred  felt.  Tar  and  gravel,  or 
asphalt  felting  and  gtavel,  or  sand,  offer 
the  cheapest  roof  suitable  for  a  fire-proof 
building;  and  when  a  good  quality  of  felt  and  distilled  pitch  or  the  best  grades 
of  aiqphalt  are  used,  make  a  very  satisfactory  covering.  Such  roofs,  however, 
require  to  be  renewed  about  every  ten  years.  The  roofing  is  put  on  in  the  same 
manner  as  over  wooden  construction,  the  felt  being  kid  diiectJy  on  the  concrete. 
Pix>bably  the  best  fiat  roof  that  can  be  put  on  a  building  is  one  of  vitrified  or 
date  tiles,  laid  over  five  plys  of  tarred  folt.  The  felt  is  laid  and  mopped  as  for 
a  gravel  itx>f,  and  the  tiles  are  bedded  on  the  felt  in  cement  mortar.  Vitrified 
riles,  about  8  in  square  and  iH  in  thick,  arc  made  for  this  purpose,  and  slate 
tiles,  12  hk  square  by  i  m  thick,  have  been  used.  Flat,  vlttffied-brick  tiles, 
also,  are  used.  Gmvel  roofing  should  not  be  used  on  roofs  which  have  an  inclina- 
tion eatceeding  fi  in  m  i  ft.  For  pitched  or  inclined  roofs,  slated  clay  tiles,  .or 
metal  tiles  may  be  used.  Clay  tiles  are  superior  to  slate  when  exposed  to  fitt 
and  are  generally  to  be  preferred  to  slate;  this  is  especially  true  of  some  of  the 
patent  interlocking  tiles.    (See,  also,  pages  1496  to  1502,  and  1509  to  1513.) 

Suspended  Ceilings.  Office-buildings,  apartment-houses,  etc.,  having  fiat 
roofs,  require  ceilings  below  the  roofs  in  order  to  make  a  proper  finish  in  the 
rooms,  and  also  for  heat-insulation.  In  office-buildings  the  ceilings  of  the  top 
story  are  often  framed  and  constructed  like  the  floors,  but  with  a  lighter  con- 
struction. More  often  the  ceilings  are  suspended  from  the  roof,  as  this  requires 
much  less  steel  and  b  consequently  much  cheaper.  It  answers  the  purpose 
fully  as  well,  that  is,  if  the  roof-beams  are  efficiently  protected. 

Fig.  66  shows  a  common  construction  for  such  ceilings.  Wrought-iron  hangers, 
about  I H  by  Me  in  or  I  by  H  in,  split  at  one  end  to  hook  over  the  lower 
flanges  of  the  roof-beams,  are  used  to  support  Ma  by  M-in  flat  steel  bars,  spaced 
about  4  ft  on  cxntsrs;  atid  to  the  U]tder*aide  of  these  are  laced  H,  H,  or  iM-'m 
channels,  12  or  16  in  on  centers,  to  receive  the  metal  lathing.  The  bottom  of 
each  hanger  is  bent  at  right-angles  to  form  a  seat  for  the  bar,  and  the  bar  is 
laced  tt»  tiM  htngets.     No  bolting  or  riveting  is  required,  all  <x)li&ectkHiK  being 
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made  by  ladng  wire,  or  by  bending  the  iron.    Where  stiffened,  wire  lath,  such 
as  the  Roebling  or  Clinton  lath,  is  used,  the  channels  may  be  spaced  x6  in  oo 


Fig.  66.    Suspended-cefling  CoostnicUon 

centers;  but  if  the  ordinary  expanded  laths  are  used,  it  is  better  to  place  the 
channels  xa  in  on  centers.    If  ordinaiy  lime  mortar  is  used  for  plastering,  a 

i2-in    iq)adng    is    really 
necessary. 

Another  system  is  one 
which  uses  only  one  set  of 
horizontal  bars,  which  are 
spaced  close  enough  to 
receive  the  lathing,  and 
which  are  supported  by 
hangers.  With  stiffened, 
wire  lathing,  roof-beams 
spaced  not  over  $  ft  apart, 
and  short  hangers,  this 
may  be  the  cheaper  sys- 
tem; but  without  the  stiff- 
ened lathing,  there  is  no 
stiffness  to  the  ceiling  at 
right-angles  to  the  bars.  Where  the  hangers  are  j,  4  or  5  ft  long,  and  the 
^ns  between  the  beams  wider  than  5  ft,  the  two-bar  i^rstem,  shown  in  Fig. 
613,   requires  less  sted. 


Fig.  67.    Suspended  Ceiling.    Details  of  Two-bar  System 


for  the  reason  that  the 
channels,  having  spans 
of  only  4  ft,  may  be 
made  very  light,  and 
only  one-third  or  one- 
fourth  the  number  of 
hangers  are  required.  In 
place  of  the  small  chan- 
nels, small  T  bars  or  flat  ^ 
bars  may  be  used,  but  ^^'*^%-t- 
when  the  bars  are  held 
by  ladng,  channeb  are 
lueferable. 


IU)ofbeamr6'/e«& 


,V—r- 


-4  — 


1<— IS-— 
F!g.  6&     Suspended  Celling.    Details  of  Two-bar  System 
Figs.  67  *  and  68*  show  vciy  satisfactory  details  for  the  construction  of  the 


*  Fkom  Fire  Prevention  and  Fire  Protection,  J.  K.  Freitag,  psva  687  and  688. 
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two-bar  ^stem.  Instead  of  the  hook  shown  in  Fig.  67,  the  hanger  may  be 
split  at  the  top,  one-half  bending  around  one  side  of  the  beam-flange  and  the 
other  half  around  the  other  side.  Where  the  ceiling  is  suspended  below  terra- 
cotta arches,  toggle-bolts  are  used  for  the  support  of  the  hangers.  The  ends 
of  the  small  bars  supporting  the  lathing  are  usually  spliced  by  means  of  sheet- 
iron  damps,  about  6  in  long,  wrapped  closely  around  the  bars  and  hammered 
tight.  For  suspended  ceilings  imder  segmental  or  paneled  floor-construction, 
the  same  methods  are  employed,  except  that  the  hangers  are  replaced  by  clips 
holding  the  ceiling-bars  dose  to  the  soffits  of  the  beams. 

Steel  Clips  for  Fastening  Angles  or  T  Bars  to  I  Beams  and  Channels. 
Several  years  ago  H.  A.  Streeter  patented  a  steel  cHp  for  connecting  angles  and 


As  Furnished 


M  bent  aroand 
hen  applied 


Clip  as  Famished 
Fig.  60.    Clips  for  Fastening  Tees  and  Angles  on  I  Beams  and  Channels 


T  bars  to  I  beams  without  drilling  or  bolting,  and  they  have  been  extensively 
used,  particularly  in  roof-oonstruction  and  susi)ended  ceilings.  Besides  effect- 
ing a  saving  in  doing  away  with  the  driUing  and  bolting  required  by  the  old 
method,  they  also  enable  the  workmen  to  make  the  connections  in  less  time. 
They  afford,  also,  an  ea^  method  of  adjusting  T  bars  to  any  width  of  tile. 
Several  forms  of  dips  with  their  applications  are  illustrated  m  Figs.  69  and  70. 
Other  forms,  also,  are  made  on  the  same  prindple.  The  safe  bads  which  may 
be  sui9x>rted  by  dips  like  N,  or  NN  (Fig.  70),  and  iH  in, wide,  are  as  follows: 
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No.  12  gauge  ••  o.o8a6  in,  600  lb; 
No.  14  gauge  »  0.0641  in,  414  lb; 
No.  16  gauge  «  0.0508  in,  ai5  lb. 
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AsTtuvItfhed 


Fig.  70.    Clips  for  Suspending  Tees,  Angles  and  Channek  from  I  Beans  and  Channels. 
Clip  N  may  be  Used  for  Suspending  Steel  Shapes  o(  any  Section  from  Beams 

No.  14  gauge  is  generally  used,  the  material  being  specially  made  for  this 
purpose.    The  strength  of  the  clips  may  be  increased  by  increasing  the  width. 


t.  Partitions  and  WaU-Coverings 

Requirament  of  Fire-proof  Partitiona.  As  a  rule  the  partitions  in  fire- 
proof buildings  are  not  required  to  support  any  weight,  but  merely  to  serve  the 
purpose  of  dividing  the  spaces  into  rooms,  and  to  confine  a  fire  to  the  compart- 
ment in  which  it  originates.  No  greater  strength,  therefore,  is  required  in  a 
partition  than  is  necessary  to  carry  its  own  weight.  Rigidity,  however,  b  re- 
quired, and  a  rigidity  in  proportion  to  its  height  and  unsupported  length.  When 
partitions  separate  apartments  or  sections  of  a  story,  that  is,  when  they  are 
practically  without  window-openings  or .  doorH>penings,  they  should  be  rigid 
enough  to  prevent  the  passage  of  water  from  a  hose-stream  as  well  as  the  pas- 
sage of  flame.  In  other  cases  this  may  be  unnecessary;  in  fact,  at  times  it  may 
seem  desirable  to  construct  partitions  which  can  be  easily  removed  to  get  at 
a  fire  spreading  through  doors  or  windows.  The  materials  of  partitions  should 
be  incombustible.  They  should  be  poor  conductors  of  heat.  It  is  desirable, 
also,  to  have  them  unaffected  by  water.  Lightness  is  a  good  property,  as  any 
increase  in  the  dead  weight  of  the  construction  adds  to  the  cost  of  the  structure. 
Partitions  should  be  as  sound-proof  as  possible.  Window-openings  should  be 
avoided,  when  possible,  in  fire-proof  partitions,  and  even  door-openings  should 
be  reduced  in  number  to  a  minimum.  In  many  buildings,  however,  in  which 
halls  have  no  openings  into  streets  or  oourts,  such  windows  are  necessary  for 
lighting  the  halls.  When  this  is  the  case  the  frames  should  be  made  fire-proof, 
wire-glass  should  be  used,  and.  if  possible,  the  sash  made  stationary. 

Fira-Teata  on  Partitions.  The  Bureau  of  Buildings  of  New  York  City  does 
not  permit  tha  use  of  any  materials  or  type  of  construction  for  partitions  in 
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fireixtwl  buikUngs  thi^t  h^ve  not  laet  the  required  fir9<tMt«.*  The  ftAndard 
test  ol  the  AoMrJaui  3odtty  lor  T(»tmg  MAterials  is  ba^ed  on  the  New  Yoiic 
test.f  Briefly,  these  tests  require  that  the  partition  shall  resist  for  one  bouv 
the  destructive  action  of  a  wood  fire,  the  heat  of  which  has  been  gradually  in- 
creased to  I  700**  F.  during  the  first  half-hour  and  mftjatained  4t  that  tempera- 


F!(.71.    HoDow-tiW  or  T«rra«€otU  Partitjaa-bk)cl(t 


tufe  lor  thi»  bftlaoce  of  the  time;  and  that  it  shall  resist,  also,  for  two  and  a 
half  minutes  at  the  conclua«i  of  the  fire-test,  the  application  of  a  hose-stream 
at  50  lb  pias6ura. 

*  See  Annual  Reports,  Bureau  of  Puildings.  1910  and  191 1,  for  test-requireraents  and 
Hit  of  approfved  ceBstnictioiis. 
t  9m  Year^Boak,  Am.  aoe.  lor  Test.  Mats. 
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Tjrpes  of  PartitionB.  Fire-proof  partitions  that  are  in  common  use  may 
be  grouped,  according  to  the  materials  or  the  method  of  construction  used,  as 
follows: 

(i)  Brick; 

(2)  Hollow  tile  or  terra-cotta; 

(3)  Concrete,  stone  or  cinder; 

(4)  Plaster-block; 

(5)  Plaster  or  concrete  and  metal. 

The  choice  of  the  materials  and  the  type  of  construction  is  larg^  influenced 
by  the  character  of  the  building  and  the  purposes  for  which  it  is  used* 

Partition- Walls.  For  bearing-partitions,  that  is,  those  which  support  floor- 
beams,  there  are  probably  no  materials  more  satisfactory  than  brick  and  con- 
crete. The  latter  may  be  used  either  in  the  form  of  blocks,  or  may  be  poured 
into  forms.  Dense  tile,  also,  is  being  used  with  satisfactory  results  for  bearing- 
walls.    Tests  show  a  crushing  strength  equal  to  that  of  brick. 

Hollow  Tile  or  Terra-Cotta  PartitioiiB.  These  are  usually  buHt  of  blocks 
either  square  or  brick-shaped,  according  to  the  particular  product  used.    The 


Fig.  72.    Hdlow-tile  Round-comer  and  Angle  Partition-blocks 

square  blocks  are  usually  12  by  12  in  on  the  face,  and  the  brick-shaped  blocks 
are  usually  12  in  long  but  vary  in  height.  Both  ^lapes  are  made  in  thicknesses 
varying  from  2  to  12  in.  The  3,  4  and  6-in  blocks  are  commonly  used,  the  4-in 
blocks  being  the  most  popular  for  ordinary  work.  For  the  more  important 
partitions,  such  as  stair  and  elevator-endosures,  nothing  narrower  than  the 
6-in  blocks  with  the  double  row  of  cells  should  be  used.  The  blocks  are  com- 
monly set  with  the  voids  horizontal,  as  in  Fig.  71,  the  blocks  breaking  joint 
like  bricks;  but  at  the  ends  of  partitions  and  in  filling  small  spaces  they  are 
sometimes  set  vertically.  Fig.  71  show^  t3rpical  shapes  of  both  the  square  and 
brick-shaped  blocks.  Fig.  72  shows  round-cornered  and  angle-oomered  parti- 
tion-blocks, which  must  be  set  vertically. 

"Terra-cotta  partitions  of  a  2-in  thiduiess  have  been  placed  on  the  market, 
but  have  not  been  extensively  used.    A  2-in  terra-cotta  partition  of  any  strength 

Digitized  by  VjOOQIC 


Partitions  and  Wall-Coverings  881 

or  efficiency  is  quite  impracticable,  and  where  floor-area  is  so  valuable  that 
more  space  cannot  be  occupied,  terra-cotta  is  not  the  material  to  be  employed.  "  * 
Through  the  addition,  however,  of  band-iron  laid  between  the  courses  and 
patented  tmder  the  name  Phcenix,  the  strength  of  a  3-in  tile  partition  is  greatly 
increased.  The  New  York  partition,  Bevier  Patent,  consists  of  2-in  tiles,  rein- 
forced with  trus&-metal,  such  as  is  used  in  the  New  York  floor-arch.  (See 
Fig.  31.) 

PttroiM  TersQS  DenM  Materials.  For  inside  partitions  the  porous  mate- 
rials are  preferable  to  the  dense,  while  for  outside  walls  the  dense  materials 
should  be  used.  With  dense  tilino  it  is  necessary  to  insert  either  wooden 
nailing-strips,  which  are  veiy  objectionable,  or  blocks  of  porous  tile  to  take 
their  place. 

Mortar.  Tile  partition-blocks  should  be  set  in  mortar  made  of  one  part 
lime-putty,  two  parts  cement  and  iroxp.  two  to  three  parts  sand.  The  blocks 
sbouM  be  well  wet  before  setting  and  the  partition  wet  down  before  the  plaster- 
ing is  applied. 

Helghtf  and  Lengths  of  Terra-Cotta  Partitions.  "The  safe  heigbt 
of  terra-ootta  partitions  in  inches  may  be  approximated  by  multiplsnng  the 
fhVVTiP«»  in  inches  by  40.  Common  practice  allows  a  safe  height  of  12  ft  for 
3-in,  16  ft  for  4-in  and  20  ft  for  6-in  partitions.  For  partitions  without  side- 
supports  the  LENGTH  should  not  materially  exceed  the*  safe  height.  Doors  and 
high  windows  may  be  considered  as  side  supports,  provided  the  studs  run  from 
floor  to  ceiling."* 

Weight.  The  weights  of  either  porous  or  dense  terra-ootta  partiticms 
vary  as  follows: 

a-in  partition,  from  10  to  14  lb  per  sq  ft; 
3-in  partition,  from  12  to  16  lb  per  sq  ft; 
4-in  partition,  from  13  to  19  lb  per  sq  ft; 
5-in  partition,  from  20  to  22  lb  per  sq  ft; 
6-in  partition,  from  22  to  23  lb  per  sq  ft; 
8-ui  partition,  from  28  to  33  lb  per  sq  ft; 

not  including  plastering,  which  adds  about  10  lb  per  sq  ft  for  both  sdes. 

Concrete  Partitions.  Partitions  of  stone  concrete  are  seldom  used  because 
of  the  forms  necessary  for  their  erection,  which  make  them  comparatively 
expensive.  Unless  reinforced  they  take  up  too  much  room.  Furthermore 
they  are  the  heaviest  of  all  partitions.  Even  in  buildings  that  are  entirely  of 
reinforced  concrete  they  are  not  always  used.  Cinder-concrete  partitions  are 
somewhat  lighter  and  considerably  cheaper  than  those  of  stone  concrete.  Yet 
even  these  are  too  heavy  and  too  troublesome  to  construct  to  be  satisfactory. 
Among  the  partitions  tested  and  approved  by  the  New  York  City  Building 
Bureau  is  one  that  consists  of  dnder-concrete  blocks,  2H  and  3  in  thick,  the 
thicker  ones  being  hollow,  12  in  high  and  18  in  long.  They  have  their  edges 
cast  with  tongues  and  grooves  that  furnish  more  or  less  of  a  bond  between  the 
blocks  when  they  are  set  Hollow,  concrete  building-blocks  make  fairly  good 
partitions,  but  are  objectionable  on  account  of  their  thickness. 

Plaster-Block  Partitions.  Blocks  made  of  plaster  of  Paris  combined  wiUi 
various  substances,  such  as  cinders,  wood  chips,  oocoanut  fiber,  asbestos,  etc., 
have  been  largely  used  for  partitions  in  fire-proof  buildings;  but  while  they  are 
to  be  preferred  to  partitions  built  with  wooden  studding,  and  resist  fire  for  a 
considerable  period  of  time,  they  cannot  be  considered  as  absolutely  fire-proof » 

*  Fxeatag. 
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or  suiUbfo  for  first-dftss  fire-proof  buildiiigs.  Tlie  principal  advfthtB^  daimed 
for  these  partitions  is  their  great  lightness  and  reduced  cost  when  compared 
With  terra-cotta  tiles.  Pfastet-blocks  can  be  readily  cut  with  a  saw,  and  have 
a  considerable  holding-power  tor  nails.  In  the  thirty-odd  fire-tests,  made  for 
tfie  Bureau  of  Building*,  New  York  City,  they  have  generally  shown  consider- 
able reastance  to  the  flame  and  have  transmitted  less  heat  than  partitions  of 
any  other  form.  They  did  not,  however,  always  stand  the  hose-stream,  some 
of  them  befint  easily  pierced,  and  all  ol  thcM  bdttg  Aom  ur  tait  wftshed  ikway 
by  the  water.  An  objectionable  characteristic  of  theit  blocks  U  their  tewdency 
to  absorb  moisture  while  being  stored  aftd  to  dmw  water  from  the  plasltring 
wfaeh  it  is  applied,  Ihis  moisture  wotto  down  to  the  bottom  of  tlw  pattitioii 
where  it  is  likdy  to  injure  the  wooden  base. 

These  partitions  are  made  in  thicerbssss  vaiyfilg  ftota  a  to  4  ^u.  thuse  teas 
than  3  in  in  thickness  generally  being  solid.  Hollow  blocks  should  always  ht 
set  with  the  ceUs  horisontal.  The  edges  of  the  Uocka  ace  generally  grooved  «r 
otherwise  arranged  so  that  the  mortar  joint  forms  a  key  between  then.    la 

some  forms  of  plaster-block 
partitions  the  blocks  are 
BONDED  together  by  means  ol 
metal  dowels^*  running  across 
the  horizontal  and  vertical 
JMnts  from  one  block  into  the 
adjoining  oftei,  as  shown  In 
Fig.  73.  The  cut  illustrates 
the  use  of  the  block  !tt  the 
construction  of  dutnb-waStor 
shafts  afid  shows  how  the 
blocks  are  anchored  at  the 
<cottiers  by  iron  dowd-angles. 
A  llme^afid-cement  mortar  is 
KMieraUy  used  in  laying  plas- 
tor-blocks,  or  a  mortar  of  the 
retardantt  gypsum-type:  and 
occasionally  fibered  gyi)sum 
plaster,  tempered  with  sand, 
may  be  employed.  All  6f  the 
partitions  hi  the  newtfr  portions  of  the  Monadnodc  Block,  Chicago,  and  hi 
many  other  prominent  buildings  of  Chicago  and  New  Yotk  City  are  d 
plaster-blocks. 

Plaster-blocks  malce  the  lightest  pWKllcal  partition  known.  The  wdgfat  of 
the  blocks  per  square  foot  may  be  taken  as  follows: 

Thickness  of  block,  inches. . .  2    2^    j         aVi      4      5      6      8    12 
Weight  in  lb  per  sq  ft 7     M    9H    loH    is     15     16    a2    j6 

The  plaster-boards,  i  In  tMck,  weigh  4  lb  per  sq  ft.  About  S  ib  per  sq  ft 
shouki  be  added  to  the  weight  of  the  partition-tile  to  obUlK  tlie  weight  of  Ikt 
partition  when  plastered  on  both  (ddes. 

MmekoUt*.  A  plaster  block  ettensively  used  is  die  Mackolite  Hollow  Block, 
made  by  the  Mackolite  Fireproofing  Company  of  Chicago,  IN.  MadcoUte 
partition  tiles  are  genemlty  made  in  the  form  shown  \n  Fig.  74,  and  hi  j,  ^H 
4i  fi*  8  and  ta-in  thicknesses.  The  3,  3^  and  4-in  tiles  are  made  48  and  the 
others  30  in  lofig>  all  the  tiles  being  1 1  in  high.    The  Modes  we  taid  in  NgBvlar 

*  Patented  by  the  Sanitary  Fireproofii^  and  Contncting  Co.,  New  York  City. 
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Fig.  74.    MackoUU  Partition-blocks 


coufses,  breaking  joint  as  in  cut-atone  work.    line  mortar  is  used  (or  s«ttin^- 

In  fitting  ankund  openings  or  at  angles  the  blocks  are  cut  with  a  saw;  and  this 

effects  a  material  saving  in  time  and  material.    U  is  claimed  that  th«  blocks 

make  very  strong  partitions.    The  composition  of  the  blocks  is  ph&ter  pf  Paris 

mixed  with  certain  chemicals,  reeds  and  fiber.    Reeds  of  the  same  lepgth  as 

the  blocks  are  placed  in  the  molds 

and  the  plaster  of  Paris  and  fiber 

is  then  mixed  with  water,  to  which 

the  chemical  has  been  added,  and 

poured  arotmd  the  reeds  so  that 

they  are  nowhere  exposed.    The 

reeds  give  longitudinal  strength  to 

tlie  blodcs  while  the  fiber  makes 

them    tough    and    elastic.    The 

material   sets  in  about  half  93a. 

hour,  after  which  the  bk>cks  aie 

kiln-dried  for  four  days. 


Gypeinite  Pwtitioiw.  What 
promises  to  be  an  economical  fire- 
proof material  for  partitions  has 
recently  been  put  on  the  market 
by   the   Gypsinite  Company,  of 

New  York  City.  The  main  feature  of  these  partitions  is  the  stud  which  is 
handled  and  erected  in  the  same  manner  a«  a  wooden  stud  in  the  ordinary  qon- 
fiie-proof  partitions.  The  stud  is  composed  of  wooden  nailing-strips  com- 
pletely protected  and  embedded  In  a  material  known  as  Gypsinite  concrete, 
a  plaster-composition  and  not  a-  true  concrete.  The  studs  are  carefully  made 
and  are  plumb  and  true.  Metal  lath  or  plaster-boards  are  secured  to  the  studs 
and  phi^ered,  completing  the  partition,  which  is  about  4H  in  thick.  (Fig.  75.) 
This  partition  is  slightly  heavier  than  the  ordinary  partition  of  wooden  con- 
struction. It  is  quite  as  stiff  and  as  strong  as  a  good  tile  or  other  partition,  and 
the  nailing-strip  feature  of  the  studding  facilitates  the  application  of  a  wooden 
trim.  It  b  said  to  be  particularly  sound-proof,  and  the  spaces  between  the  studs  * 
afford  an  opportunity  to  conceal  pipes,  wires,  etc.  Gjrpsinite  studs  in  stock 
siae  are  3  hy  a  hy  18  in.  and  weigh  j  lb  to  the  foot.  They  can  be  made  any  sbe 
required.  In  the  partitions  the  studs  are  usually  placed  16  in  on  centers  and 
bridged  as  may  be  required.  Th^  are  fastened  to  the  floor  or  ceiling  by  the 
use  of  siUs  and  plates  of  the  same  material,  or  by  light  channel-irons,  whidi  are 
spiked  to  the  fireproofing.  The  manufacturers  believe  that  in  large  quantities 
these  studs  can  be  furnished  as  cheaply  as  wooden  studs  and  that  the  partitions 
can  be  erected  as.  cheaply  as  ordinary  lath-and-plaster  partitions. 

Solid,  PUater-and^Motal  Partitions.  Thin  partitions  of  plaster  applied 
to  metal  lath  and  metal  studs,  made  solid  and  finished  about  2  in  thick,  hav^ 
been  es^tensively  used  in  fire-proof  buildings.  They  are  remarkably  stiff,  owing 
to  the  adhesion  of  the  plaster  to  the  steel,  and  they  are  lighter  and  occupy  less 
space  than  any  other  practical  fire-proof  partition  of  equal  strength.  In  thp 
fire-tests  these  partitions  act  very  much  like  the  plaster-block  partitions,  resist- 
ing thoroughly  the  passage  of  the  flames.  But  the  plaster  always  washes  off 
when  the  hose  is  applied  and  the  lath  becomes  exposed.  The  rigidity  of  th^ 
metal  fabric  on  the  metal  studding  has  been  considered  by  firemen  a  disad- 
vantage, as  it  is  very  difficult  to  cut  through  it  when  necessary  to  get  at  a  fire. 
The  construction  of  these  partitions  is  practically  the  same  for  the  different 
fabrics  used,  which  are  described  on  pages  84$  to  353,    This  Uth  or  fabric  ap- 
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pears  to  be  subject  to  the  corrosive  effects  of  the  plaster.  In  the  demolitioi] 
of  the  Pabst  Building,  New  York  City,  the  metal  lath  used  througfaout  in  the 
partitions  was  found  to  be  considerably  corroded,  after  about  four  years,  e\'en 
though  the  lath  had  been  painted.  The  subject  is  now  being  investigated  by 
the  United  States  Bureau  of  Standards.    The  lath  should  in  all  cases  be  pro- 


Fig.  75.    Gypsinite  Studs  and  Metal  Lath  and  Plaiter 

tected  against  initial  or  incipient  corrosiofi  by  painting  or  galvanizing  before 
being  embedded  in  the  cementitious  material. 

Weight  of  I'laster-and-Metal  Partitions.  The  weight  of  a  2-in  solid 
partition,  when  dry,  is  about  20  lb  per  sq  ft.  The  weight  of  partitions  of  greater 
thickness  may  be  estimated  on  a  basis  of  1 20  lb  per  cu  ft  for  plaster  and  96  lb 
for  cinder  concrete,  slightly  tamped. 

Construction  of  Solid  Two-Inch  Partitions.  Figs.  76  and  77  show  the 
usual  method  of  constructing  2-in  partitions.  The  studs,  usually  li  or  i-in 
channels,  are  bent  and  punched  at  the  ends,  and  at  the  bottom  are  nailed  to 
wooden  strips,  which  are  first  secured  to  the  floor-panels,  or  to  the  top  of  the 
steel  beams  where  the  partitions  come  over  them.  These  wooden  strips  have 
been  found  necessary  as  a  sort  of  cushion  to  allow  the  studding  to  expand  in 
case  of  fire.  At  the  top,  the  studs  are  nailed  to  the  underside  of  the  floor-paneU, 
or,  if  there  is  a  suspended  ceiling,  they  are  wired  to  the  bars  supporting  the 
ceiling.  At  the  openings,  i  by  i  by  h«-m  angles  are  used,  and  these  are  bore«l 
every  16  in  for  No.  12  screws,  used  in  attaching  the  rough  wooden  frames  to 
the  angles.  After  the  studding  is  in  position,  the  metal  lathing  is  laced  to  one 
side  of  it  with  No.  18  galvanized  wire.  After  the  lathing  is  in  place  the  car- 
T^enter  should  attach  wooden  grounds  to  secure  the  base,  chair-rail,  picture- 
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molding,  etc.  These  grouiids  are  secured  by  staples,  and  when  the  partition  is 
pinstefed,  become  veiy  rigid.  In  plastering  these  partitions,  five  coats  of 
plaster  are  required  to  malte  a  good  job;  a  scratch-coat  on  one  side,  a  brown 


Fig.  70.    Turo-nch  Solid  Plaster  Partition.    Elevation 

coat  on  eadi  side,  and  the  usual  white  coat  on  each  side  for  finishing.  It  is 
essential  for  all  thin  partitions  that  a  HAaD-SEiriNo  mortar  be  used,  such  as 
Acme  Cement,  King's  Windsor  Cement,  Adamant,  Rock  Wall  Plaster  and  many 
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F%.77.    Two-inch  Solid  Plaster  Partition.    Horizontal  Section 

othen.    TTie  partitions  acquire  their  stiffness  largely  from  the  solidity  of  the 
plastering,  hence  the  firmer  and  harder  the  plastering  the  more  substantial  the 
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Doobla  PtrtitlonB*  Eleetric  wires  and  H-in  gas-plpM  can  be  run  in  the  tAn 
fiOLiD  PAATmoNS;  but  if  it  h  desired  to  tun  lar^r  pipes,  DOttBtfi  ^AiTiTioiia, 
that  is,  partitions  with  lathing  on  each  side  of  the  studding  must  bt  itMd.    For 
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^8-78.    Four^ncb  Sdid  FlMter  and  Coocrite  Partition.    Horixoatal  Section 
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these  partitions,  2.  3  or  4-in  channels  or  flat  bars  set  edgewise  may  be  used, 
sheet-steel  channek  being  probably  the  most  economical.  When  the  space 
between  the  studs  is  not  filled  with  mortar  or  concrete,  the  double  partition 
will  not  stand  fire  and  water  as  well  as  the  solid 
PARTITION,  while  it  Is  much  more  expensive. 

Construction  of  Solid  Pottr-Inch  Partitioiis. 

Fig,  78  shows  a  partial  section  tlirough  a  solid 

.  ^V^l^^^       PARTITION  finishing  4  in  thick  when  plastered.    It 

J  ^  ^VJp^*^        lins  great  strength  and  resistance  to  fire  and  water, 

and  a£Fords  convenient  spaces  for  pipes  and  thicker 

jambs  for  door-frames.    These  partitions  have  cores 

of  cinder  concrete,  with  metal  lath  on  both  sides,  and 

are  plastered  in  the  usual  way.     As  the  concrete 

bl  will  receive  nails,  no  wooden  furring  is  required  to 

^  fasten    the    base-boards,    chair-rails    and   picture- 

molding  in  place. 

BergeHi  Sconomj  Stadding  and  Purring.    Fig. 
79  illustrates  a  patent  stud  manufactured  by  the 
i  Beiger  Manufacturing  Company,  Canton,  Ohio.     It 

44  >9  made  of  No.  j8  or  No.  20  sheet  steel,  and  m  five 

sizes,  varying  from  M  to  iM  in.  The  peculiar 
advantage  of  this  stud  Is  the  provision  for  atuching 
the  lath.  For  this  purpose  prongs  are  punched  from 
both  sides  of  the  flange,  which  are  left  standing  at 
^  right-angles  to  the  face  of  the  flange.    The  lath  is 

^  placed  against  the  stud,  the  prongs  pressed  through 

the  meshes  and  then  turned  up  over  the  lath  with 
a  hammer.    This  fastens  the  lath  more  firmly  and 
securely  than  by  any  other  method.    The  ends  of 
.  ^  the  studs  are  secured  by  sockets  which  are  fastened 

l^  ^^.^"s,,^^        to  the  floor  and  ceiling,  a  clear  space  being  left 

*^  above  the  top  of  the  studs  for  expansion.    Where 

partitions  intersect  or  where  there  are  angles,  angle- 
irons  with  prongs  are  used  in  place  of  the  T  irons. 
By  using  these  studs  and  expanded-metal  lathing,  a 
saving  in  cost  can  be  effected  over  the  construction 
shown  in  Fig.  77.  These  T's  are  used,  also,  for 
supporting  suspended  ceilings  under  I  beams,  the  T's 
being  secured  to  the  flanges  of  the  beams  by  specially  designed  dtps.  Fuirinff- 
strips  and  channels,  also,  are  made  on  the  same  principle. 
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Spadiig  of  Stiidfl  in  Two-Inch  Solid  Partitionfl.  For  s-in  solid  partitions 
with  H-in  rolled  channels  or  t-in  Economy  Studs,  the  studs  should  be  placed 
12  in  on  centers  when  the  height  of  the  story  exceeds  lo  ft.  When  the  height 
of  the  story  is  less  than  lo  ft,  a  spadng  of  i6  in  will  answer.  For  hollow  parti* 
tions  with  9-in  studs,  the  studs  can  be  spaced  i6  in  on  centers  for  story-heights 
of  i6  ft  and  less.    For  greater  heights  they  should  be  placed  x  2  in  on  centers. 

Rib  Stud.  In  Fig.  80  is  shown  the  Rib  Stud  made  by  the  Trussed  Concrete 
Sted  Company,  Detroit,  Mich.    It  is  made  in  widths  of  2K,  sH,  4H»  6>4  and 
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2M  Incbes  and  3)4  Inches  Wldo. 


4)4  Inctioa  Wide. 
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6!4  InclMM  and  S)4  Incbes  Wide. 
Fig.  80.    Rib-stud  for  Plaster  Partitions 

8H  in;  and  in  lengths  up  to  iS  ft.  The  studs  are  made  of  open-hkarth  stkel, 
the  two^b  studs  weighhig  0.55  lb  per  ft  and  the  three-rib  studs,  0.85  lb  per  ft. 
For  «-fn  SOLID  PAaTmoNS  with  H  or  i-in  channels  or  studs,  the  studs  should 
be  spaced  from  it  to  16  in  on  centers,  depending  upon  the  stifiPness  and  rigidity 
of  the  lath.  A  i3-in  spadng  should  never  be  exceeded  when  the  height  of  story 
b  more  than  12  ft.  For  fiouow  PAantiONS  with  2-in  studs,  the  studs  can 
be  spaced  16  in  on  centers  for  story-heights  of  16  ft  or  less,  when  No.  24  (United 
States  gauge)  expanded  metal  or  No.  18  (United  States  gauge)  wire  lath,  2H  by 
2^  mesh,  are  employed.  For  greater  heights  the  spadng  should  never  exceed 
12  in.  No.  22  (United  States  gauge)  expanded  metal,  weighing  at  least  4H  lb 
per  yard,  and  No.  20  gauge  V-stiffened  wire  lath  or  wire  lath  with  rods  or  stiff- 
eneis  spaced  7H  to  8  in  on  oentets,  gives  satisfactory  rigidity  for  both  partitions 
and  odlings  when  the  studs  or  furring-^trips  are  set  16  in-  on  centers.  Lath 
diould  be  wired  to  the  metal  studding  with  No.  18  gauge  annealed  galvanized 


Metal  Lath.  Numerous  styles  of  metal  lath  have  been  put  on  the  market 
in  recent  years  to  proxade  for  a  cheap,  light  and  thin  partition-construction. 
For  fire-proof  buildings  metal  studding  should  always  be  used.  Metal 
faith  b  supplied  either  plain,  painted  or  galvanized.      It  is  recominepded 
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that  metal  lath  be  always  at  least  painted  to  prevent  initial  corrosion  until 
the  lath  can  be  covered  by  the  mortar.  Galvanizing  is  necessary  where  there 
is  danger  of  moisture  reaching  the  lath  while  it  is  without  a  protective  coat  of 
lime  or  cement.  Where  a  particular  type  of  lath  is  not  mentioned  in  a  speci- 
fication, it  should  be  generally  described  as  follows:  "  painted  or  galvanized  No. 
24-gauge  ezpanded-metal  lath,  weighing  not  less  than  sVi  lb  per  sq  yd,,or  painted 
or  galvanized  woven-wire  cloth.  No.  19  gauge,  2^  meshes  to  the  inch,  with 
stiffeners  placed  8  in  on  centers  and  weighing  not  less  than  3H  lb  per  sq  yd.  '* 

Metal  lath  should  be  so  made 
that  it  will  take  piaster  freely, 
key  it  thoroughly  and  wholly 
embed  itself  in  it.  These  are 
characteristics  of  expanded- 
metal  and  woven-wire  laths 
which  make  them  superior  to 
sheet  lath.  Sheet  laths  are 
economical  in  the  use  of  mor- 
tar, which  merely  covers  one 
side  of  the  lath  and  latches 
through  the  perforations  with- 
out thoroughly  embedding  the 
metal. 
The  difficulty  of  stretching 
plain  wire  lath  tight  enough  to  make  a  firm  foundation  for  plaster  and  the 
resulting  necessity  for  a  close  spacing  of  the  studs  to  secure  the  required 
bearing,  has  led  to  the  introduction  of  stiffened  wire  doth  and  ribbed  or  cor- 
rugated expanded  metal  in  order  to  obtain  the  necessar>'  rigidity.  To  over- 
come the  necessity  for  separate  bearing-studs,  expanded-metal  and  sheet-metal 
laths  are  manufactured  also  in  a  one-piece  steel-lath-and-stud. 

Expanded  metals  differ  in  the  process  of  manufacture.  One  type  is  made 
by  simply  slitting  the  sheet  and  depbying  it  into  the  diamond  shape;  the 
other  type  is  made 
from  thin  strips  of 
soft,  tough  steel  by  a 
mechanical  process 
which  pushes  out  and 
expands  the  metal  into 
the  mesh  and  at  the 
same  time  reverses  the 
direction  of  the  edge, 
so  that  the  flat  surface 
of  the  cut  strand  is 
nearly  at  right-angles 
to    the    general    sur- 

^"d^^^  ^t  the  ^*"  ^^'  ^^^^P^<*^-«^«^  ^^  "^^^  Rectangular  Mesh 
COLD  WORKING  of  thls  bw-carbou  steel  increases  the  elastic  limit  and  ulti- 
mate STRENGTH.  In  spedfyiug  expanded  metal,  it  is  necessary  to  give  the 
weight  of  the  finished  product  per  square  yard  as  well  as  the  gauge  of 
metal,  as  the  straads  may  be  of  various  vridths.  Expanded  metal  b  made 
dther  with  diamond-shaped  (Fig.  81)  or  rectanguUr  meshes  (Fig.  82).  When 
laid  with  the  long  strands  perpendicular  to  the  studs,  the  lath  with  the  rec- 
tangular mesh  is  the  stronger  of  the  two.  Rigidity  is  also  obtained  by  oor- 
rugating  and  expanding  the  metal  in  various  forms,  which  make  the  so-called 
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ribbed,  corrugated  and  integral  laths.  WixB  cloth  b  sti£Fened  by  clipping 
corrugated-sted  furring-strips  to  the  lath  or  by  weaving  or  welding  rods  or 
V-shaped  stiffeners  at  regular  intervals. 

Types  of  Metal  Lath.    Metal  lath  may  be  classified  as  follows: 

(x)  Expanded-metal  lath; 

(a)  Diamond  and  rectangular  mesh, 

(b)  Ribbed  or  corrugated, 

(c)  Integral,  combining  functions  of  both  lath  and  studding, 
(3)  Sheet  lath; 

(a)  Flat  perforated, 

(6)  Integral,  combining  functions  of  both  lath  and  studding, 
(3)  Woven-wire  lath; 

(a)  Plain, 

(6)  Stiffened. 
Some  of  the  laths  and  their  characteristics  are  given  in  the  following  para- 
graphs. 

(1)  Bzpsnded-Metsl  Lath 

Imp«risl  Spiral  Expanded  Lath,  made  by  the  American  Rolling  Mill 
Company,  Middletown,  Ohio,  comes  in  sheets  i6H  by  96  in,  of  Nos.  24  and  36 
gauge,  weighing  respectively  4  and  3  lb  per  sq  yd.  This  special-twist  lath  has 
been  used  extensivdy  in  United  States  Government  work. 

Rotary  Diamond-Mesh  Lath.  This  lath  is  made  by  the  Berger  Manu- 
facturing Company,  Canton,  Ohio.  It  is  furnished  in  sheets  18  by  96  in,  of 
Nos.  27,  a6,  35  and  24  gauge,  weighing  respectively  aVi  lb,  2Vi  lb,  3  lb  and  3.4  lb 
per  sq  yd.  It  is  made  of  Toncan  Metal  for  which  greater  homogeneity  is 
claimed  than  for  charcoal-iron  and  steel,  and  less  liability  to  corrosion  or 
PimNG. 

Boatwick  Lath.  Bostwick  lath  b  made  by  the  Bostwick  Steel  Lath  Com- 
pany, Niles,  Ohio.  It  is  furnished  in  sheets  14  by  96  in,  approximately  x  sq  yd, 
and  u  made  in  Nos.  24  and  37  gauge. 

Steelcrete  Lath.  This  material  is  manufactured  by  the  Consolidated 
Expanded  Metal  Company,  Pittsburgh,  Pa.,  and  is  furnished  in  two  styles, 
known  as  Steelcrete  A  and  Steelcrete  B  lath,  for  exterior  stucco-work,  and  in 
the  style  known  as  Steelcrete  Diamond  lath,  for  interior  work.  The  Steelcrete 
A  lath  is  made  in  Nos.  32  and  24  United  States  gauge,  in  sheets  x8  by  96  in, 
and  weighs  4.37  and  3.56  lb  per  sq  yd.  Steelcrete  B  lath  is  made  in  No.  27 
gauge,  and  weighs  2.41  lb  per  sq  yd.  The  Steelcrete  Diamond  lath  is  made  in 
sheets  34  and  37  in  wide  and  96  in  bng,  in  Nos.  34  and  37  United  States  gauge, 
weighing  respectively  3.57  and  2.48  lb  per  sq  yd. 

A  Diamond-Mesh  Lath  is  made  by  the  Eastern  Expanded  Metal  Com- 
pany, Boston,  Mass.,  in  the  following  sizes:  No.  22  gauge,  in  sheets  loH  by 
96  in,  weighing  4  lb  per  sq  yd;  No.  24  gauge,  in  sheets  22Vi  by  96  in  and  30  by 
96  in,  weighing  3  lb  per  sq  yd;  and  No.  26  gauge,  in  sheets  24  by  96  in,  weighing 
2H  lb  per  sq  yd.  This  company  makes  also  two  types  of  lath  of  rectangular 
mesh.  The  A  Lath  is  No.  24  gauge,  in  sheets  18  by  96  in,  and  the  B  Lath  is  No.  27 
gauge,  in  sheets  7cH  by  96  in.  The  EMCO  lath  is  lower  in  price  than  the 
diamoad-mesh  lath  and  is  made  in  Nos.  34  and  37  gauge,  the  ^eets  being  27 
by  96  in. 

Economy  Ezpanded-Metal  Lath,  made  by  the  Garry  Iron  and  Steel 
Company,  Niks,  Ohio,  is  furnished  in  sheets  x8  by  96  in,  m  Nos.  27,  36,  25  and 
34  gauge,  weighing  respectively  3H,  3^,  3  and  3H  lb  per  sq  yd. 
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Kf  J  E]9«ade4«M6ttl  Lath,  made  by  the  General  Fireproofing  Compuiy, 
YoungstowQ,  Ohio,  is  furnished  in  sheets  34  by  96  in,  in  Nos.  27,  a6,  25  aod  24 
gauge,  weighing  respectively  2.34,  2.50,  3.00  and  3.40  lb  per  aq  yd. 

Kno-Bum  I^th,  made  by  the  North  Western  Expanded  Metal  Company, 
Chicago,  111.,  is  furnished  in  sheets  18  by  96  in,  in  Nos.  27,  26,  35  and  24  gauge, 
weighing  respectively  iVi,  2H,  3  and  3.4  lb  per  sq  yd.  When  made  from  a 
special  acid-hesisting  sheet  steel,  this  lath  is  sold  under  the  name  XX  Century 
Expanded  Metal  Lath. 

An  Ezpanded-Metal  Lath  is  manufactured  by  the  Roebling  Conatruction 
Company,  of  New  York  City,  in  rolls  which  are  to  be  applied  parallel  to  the 
furring,  thus  eliminating  all  transverse  laps  between  the  studs.  It  is  made  in 
rolls  of  150  lin  ft  and  in  widths  of  25  and  33  in,  for  furring  set  xa  and  16  in 
on  centers.  The  material  is  furnished  in  Nos.  24  and  26  United  States  gauge, 
either  galvanized  or  painted. 

Ribbf  d  or  Conocatad  Lalk.  Clevdand  lath,  made  by  the  Garry  Iron  and 
Steel  Company,  Niles,  Ohio,  is  a  corrugated  diamond-m^  lath,  furnished  in 
two  grades,  A  and  B,  the  former  being  the  more  suitable  for  stucco.  The  A 
lath  is  made  in  sheets  i6Vi  by  96  in,  of  No.  27  and  24-gauge  metal,  weighing 
respectively  sH  and  4  lb  per  sq  yd;  and  the  B  lath,  in  sheets  18  by  96  in,  of 
Nos.  27  and  24-gauge  metal  weighing  respectively  2H  and  3H  lb  per  sq  yd.  One- 
eighth  pound  per  square  yard  should  be  added  to  the  weights  'd  the  lath  is  gal- 
vanized.   This  lath  is  reversible,  the  two  sides  being  identical. 

HarriagbMia  Bxpanded-Metal  Lath  (Fig.  83),  made  by  The  General  Ftrc- 
proohng  Company,  Youngstown,  Ohio,  is  fui^ushed  in  two  styles,  A  and  BB. 


Fig.  83.    Expanded-metal  Lath,  Hcrringbooe  Mesb 


Style  A  is  made  in  sheets  13^^  by  96  in  (i  sq  yd),  of  No.  28-gauge  metal,  weigh- 
ing 3  lb  per  sq  yd.  Style  BB  is  made  in  sheets  2oV4  by  96  in  (x^  sq  yd),  of 
Nos.  27,  26  and  24-gauge  metal,  weighing  respectively  2Vi,  2H  and  3H  lb  per 
sq  yd.  It  is  made  of  American  ingot-iron  with  ^bust-resisting  prcq>erties. 
Ribs  are  set  across  studs  and  slope  down  towards  them. 

Sykaa  Expanded  Cup-Lath,  made  by  the  Sykes  Metal  Lath  and  RQo6ng 
Company,  Niles,  Ohio,  is  furnished  in  sheets  18  by  96  in,  with  an  antirust 
coating,  or  painted  black,  or  galvanized.  It  is  made  of  Nos.  27,  26  and  24- 
gauge  metal,  weighing  req;>e€tivQly  2.8,  3  and  3.7  lb  per  sq  yd. 

Standard  Rib-Lath,  made  by  the  Trussed  Concrete  Steel  Company,  Detroit, 
Mich.,  is  furnished  in  sheets  2oVi  by  96  in,  in  grades  i,  2  and  3,  weighing  respec- 
tively 2.74.  342  and  4.10  lb  per  sq  yd.  This  company  makes  also  the  Beaded 
Plate  Rib-Lath,  which  is  about  35%  heavier  and  more  rigid,  permitting  wider 
spacing  of  the  studs. 


yGoogk 


Sheet  Lath  801 

Koo-For  Lath»  made  by  the  North  Western  Expanded  Metal  Comi>any, 
Chicago,  IU.»  is  furnished  in  sheets  22  by  96  in,  of  Nos.  24,  25,  26  and  27-gauge 
metal,  weighing  respectively  3.80,  3.36,  2.82  and  2.62  lb  per  sq  yd.  This  lath 
has  ribs  running  obliquely  across  the  sheets  at  the  same  angle  as  the  strands 
of  the  mesh.  This  corrugation  is  said  to  give  the  lath  greater  RicionY  so  that 
it  can  be  used  on  32-in  centers  for  wails  and  on  24-in  centers  for  ceilings.  The 
corrugations  act  as  furring-strips.  It  is  made  from  a  special  Acnv-mESisTiNO 
STEXL  and  b  always  supplied  painted. 

Integral  Expanded-Metal  Lath.  Truss-metal  lath,  Fig.  84,  made  by  the 
American  Rolling  Mill  Company,  Middletown,  Ohio,  is  furnished  in  sheets 


Fig.  84.    Tniss  Metal  Lath 

a8  by  90  in,  of  Nos.  26  and  28-gauge  metal,  weighing  respectively  80  and  66.7  lb 
per  100  sq  ft.  A  partition  constructed  of  this  lath  in  one  of  the  test -structures 
at  Columbia  University,  New  York  City,  passed  through  and  withstood,  with- 
out any  sign  of  distress,  the  fire  and  hose-streams  of  Eve  successive  tests. 

Self-Sentering,  made  by  the  General  Fireproofing  Company,  Youngstown, 
Ohio,  is  furnished  in  sheets  28  in  wide  and  of  any  desired  length  up  to  14  ft, 
of  Noa.  38,  26  and  24-gauge  metal,  weighing  respectively  0.60,  0.72  and  0.96  lb 
per  sq  ft.  The  lath  may  also  be  obtained  in  special  gauges  from  Nos.  24  to 
30  indurive.  The  width  of  28  in  means  the  covering  capacity,  as  laps  are  pro> 
vided  lor  by  outside  ribs.  This  company  makes,  also,  a  lath  known  as  Trussit, 
in  sheets  15)4  in  wide  and  in  lengths  up  to  12  ft,  of  Nos.  27,  26  and  24-gauge 
metal,  wein^ng  respectively  0.71,  0.77  and  x.02  lb  per  sq  ft.  (See,  also, 
page  859.) 

Hy-Ub,  made  by  the  Trussed  Concrete  Steel  Company,  Detroit,  Mich., 
is  furnished  in  three  types  known  as  4-Rib,  3 -Rib  and  Deep  Rib.  The  first  is 
in  sheets  xoH  in  wide  and  the  others  in  sheets  14  in  wide.  (See,  also,  page  859.) 
All  styles  are  furnished  in  Nos.  24,  26  and  28-gauge  metal.  The  standard 
lengths  aiv  6,  8,  10  and  12  ft.  Other  lengths  below  12  ft  are  cut,  but  the  waste 
b  at  the  cost  of  the  purchaser.  Hy-Rib  sheets  interlock  at  the  sides  and  ends. 
In  ordering,  no  allowance  need  be  made  for  side  laps,  but  for  end-laps  2  in  should 
be  allowed  for  laps  over  supports,  or  8  in  between  supports. 

(2)  Sheet  Lath 

CUnc]i«d  Lath,  made  by  the  American  Rolling  Mill  Company,  Middle* 
town,  Ohio,  is  furnished  in  sheets  13H  by  96  in  (i  sq  yd),  of  No.  30-gauge  metal, 
weighing  4H  lb  per  sq  yd. 

Truta-Loop  Lath,.  Fig.  85,  made  by  the  Bostwick  Steel  Lath  Company, 
Niles,  Ohio,  is  furnished  in  sheets  13^  by  96,  i6H  by  80  and  24  by  96  in,  weigh- 
ing 4H  lb  per  sq  yd.    This  lath  is  furnished  painted  unless  otherwise  ^)edfied. 
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Genflre  Sheet-Sted  Lath,  made  by  the  General  Fireproo6ng  Company, 
Youngstown,  Ohio,  is   furnished  in  sheets   xjH  by  96  in  (i    sq  yd),  and 

24  by  96  in,  weighing  4H  lb  per  sq 
yd,  painted  imless  otherwise  speci- 
fied. 

Sykes  Trough  Sheet  Lath,  made 
by  the  Sykes  Metal  Lath  an^l 
Roofing  Company,  Niles,  Ohio,  is 
furnished  in  sheets  isH  by  96  in  (x 
sq  yd),  15^  by  96,  18H  by  96  and 
23H  by  96  in,  weighing  5  lb  per  sq 
yd,  and  made  with  an  antirust 
coating,  or  painted  or  galvanised. 

Integral  Sheet  Lath.  Rib-Truss, 
made  by  the  Bezger  Manufacturing 
Company,  Canton,  Ohio,  is  furnished  in  widths  of  24  in  and  in  stock  lengths  of 
4,  5,  6,  8,  10  and  12  ft,  as  follows: 


Hg.  85.    Bortwick  Traw-loop  Lath 


Gauge 

iH-in  rib 

f<-in  rib 

i-in  rib 

27  

73 
81 
88 
117 

78 
86 
94 
12s 

83 
92 
100 
133 

28 

26 

24 

(S)  WoTen-Wire  Lath 

WoTen-Wire  Lath  is  furnished  with  or  without  stxffeners,  which  are 
either  rods  or  V-shaped  kibs  running  through  the  wire  mesh  to  rdnforce  and 
stiffen  it.  It  is  supplied  painted  or  unpainted,  or  it  is  galvanized  after  weaving. 
It  can  be  furnished  to  order  in  any  required  width  up  to  10  ft.  In  widths  less 
than  18  in,  there  is  a  small  charge  for  stripping.  Before  ordering,  it  is  vety 
important  to  ascertain  the  proper  width,  especially  in  stiffened  lath,  as  it  is 
desirable  to  have  the  edges  of  the  lath  lap  at  the  supports  where  it  is  laced  to 
iron  furring.  When  the  lath  is  not  of  the  proper  width  the  results  are  not  so  good 
and  there  is  liable  to  be  a  waste  of  material.  The  standard  width  of  plain  and  of 
V-RiB  STIFFENED  LATH  xs  36  in.  WTicu  beams  or  studs  are  spaced  i6  in  from 
center  to  center,  the  lath  should  be  32  or  48  in  wide. 

The  CUntoii  Stiffened  Lath  has  corrugated-steel  pxtrrino-steips  at- 
tached every  8  in,  crosswise  of  the  fabric,  by  means  of  metal  clips.  These 
strips  constitute  the  furring  and  the  Uth  is  applied  directly  to  the  underside 
of  the  floor-joists,  or  to  planking,  furring,  brick  walls,  etc.  This  lath  is  made  in 
36-in  widths,  with  2V4  meshes  to  the  inch,  and  comes  in  loo-ft  rolk.  The 
manufacturers  of  this  lath  make,  also,  a  lath  stiffened  wriH  round  rods, 
H  to  X  in  in  diameter,  spaced  from  8  to  12  in  apart.  It  can  be  had  either  gal- 
vanized or  japanned,  and  in  thicknesses  from  18  to  21  gauge.  Clinton  plain 
WIRE  lath  is  furnished  in  rolls  200  ft  long. 

The  Roebling  Standard  Wire  Lath  is  made  of  plam  wnus  clotb,  in  whidi, 
at  intervals  of  7^4  in,  stiffening  ribs  are  woven.  These  ribs  have  a  V-shaped 
section  and  are  made  of  No.  24  sheet  steel,  W  and  i  in  in  depth.  The  H-in 
rib  is  the  standard  size  for  lathing  on  woodwork.    This  latUng  requires  do 
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furring,  and  is  applied  directly  to  woodworlc  or  to  walls  with  steel  nails  driven 
through  the  bottom  of  the  V,  as  shown  in  Fig.  86.    The  No.  20  V-rib  stiffened 
lathing  affords  a  satisfactory  surface  for  plastering,  when  attached  to  studs  or 
beams  spaced  16  in  apart.    The  i-in  V-rib  lathing  is  used  for  furring  exterior 
walls.     It  provides  an  air-space  between  the  wall  and  plaster.    Where  this 
lath  is  to  be  applied  to  light  iron  furring  a  M«  or  H-in  solid  steel  rod  is  substi- 
tuted for  the  V-rib,  and  the  lathing  is  attached  to  light  iron  furring  with  lacing 
wire.    This  lath  is  distinguished  from  the  others  by  the  term  Solid-Rib  Stiffened 
Wire  Lath.    The  Roebling  lath,  whether  plain  or  stiffened,  is  made  with  2  by 
3>  2H  by  2Vi  and  2H  by  4-in  mesh,  the  last 
named  being  known  as  close  warp.     The 
2H  by  2^  mesh  is  adapted  to  all  plasters 
containing  the  usual  proportion  of  hair  or 
fiber.    The  2H  by  4-in  mesh  should  be  used 
for  hard  plasters  and  thin  partitions.    The 
lath  can  be  furnished  in  widths  up  to  10  ft, 
the  rolls  averaging  50  yd  in  length. 

Sftckett'i  Wall-Board.  This  is  a  com- 
posite board  of  three  layers  of  pure  gypsum 
and  four  thin  layers  of  wool-felt,  the  whole 
being  H,  H  or  H  in  thick.  The  boards  are 
32  by  36  in  in  size,  can  be  nailed  to  wooden 

studding  or  set  flat  against  solid  beams  or  

planks,  and  can  be  cut  with  a  saw.  They  pig.  86.  Roebling  V-rib  Stiffened 
have  the  advantage  of  being  very  light  and  Wire  Lath 

of  requiring  but  little   plastering  material, 

and  a  consequent  reduction  in  the  amount  of  water  used  in  plastering.  When 
the  saving  in  the  amount  of  plastering  is  taken  into  account,  this  plaster-board 
costs  less  than  metal  lath  and  but  a  trifle  more  than  wooden  lath  with  three 
coats  of  plaster.  For  plastering,  the  best  results  are  obtained  by  appl3ring  first 
a  brown  coat  of  hard  wall-plaster,  H  to  H  in  thick,  and  when  this  is  thoroughly 
set,  finishing  it  with  a  thin  coat  of  regular  hard  finish  of  lime-putty  and  plaster. 
Tests  and  investigations  at  the  Underwriters'  Laboratories  "  have  shown  Sackct 
Board,  Perfection  Brand,  to  be  suitable  as  a  base  for  fibered  gypsum  plasters, 
and  when  attached  to  walls,  ceilings  and  partitions  and  coated  with  ^  in  of 
plaster  possess  fire-retarding  properties  considerably  higher  than  those  of  wooden 
lath  with  gypsum  or  lime-and-cement  plaster."  The  Perfection  Brand,  Sackett's 
Wall-Board,  is  H  in  thick,  and  is  attache<l  with  No.  10J6,  H-in,  flat-headed, 
94 -barbed  wire  nails,  iH  in  long,  and  spaced  not  more  than  6  in  at  each  support. 

Metal-Rib  Plaster-Board  is  composed  of  alternate  layers  of  strong  absorbent 
pa4>er  reinforced  with  fine  annealed  wire  about  2  in  on  centers,  and  stiffened 
transversely  with  H-in  iron  bands.  No.  32  gauge,  placed  8  in  on  centers.  The 
materixd  is  made  up  to  a  total  thickness  of  about  H«  in,  impregnated  with  a 
coal-tar  product,  and  provided  every  2  in  with  M«-in  circular  holes  to  key  the 
plaster.  This  is  added  to  the  adhesive  effect  of  the  absorbent  paper.  It  is 
furnished  in  rolb  85  ft  long  and  34  in  wide,  nailed  directly  to  the  studs  or  beams 
set  12  or  16  in  on  centers,  and  lapped  2  in  at  all  joints.  This  board  is  recom- 
mended for  use  with  hard-plaster  mortars  only,  and  forms  a  satisfactory  basis 
for  three-coat  work,  in  which  the  lap-joint  obviates  the  cracking  frequently 
associated  with  ordinary  plaster-board  construction. 

Shaft-Construction.  The  most  important  partitions  in  a  building  are  those 
inclosing  interior  shafts.  Vertical  openings  through  buildings  form  flues  and 
cause  up-drafts.    In  all  buildings,  fire-proof  as  well  as  non-fire-proof,  therefore, 
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they  sbould  hf  MbaeA  for  tfft»  reBsons:  ^19^,  to  prevent  a  fire  that  would  find 
a  natural  outlet  in  such  openings  from  spreading  to  other  floors;  and  secondly, 
to  prevent,  as  far  as  possible,  a  fire  from  getting  into  these  openings  vfaere  the 
draft  would'greatly  increase  its  fury.  To  be  thoroughly  effective*  the  inclosed 
waUs  should  be  constructed  of  the  same  materials  as  the  outside  walls  of  the 
buildings,  namely,  brick,  stone  or  concrete.  While  they  need  not  be  of  the 
same  thicknesa  as  the  outside  waUs»  13  in  is  recommended  as  a  minimum  thick- 
ness. In  less  important  structures  tem-ootta  partitioi^  are  sometimes  used 
for  such  inclosing  mXts.  In  the  walb  iixlosing  elevator-shafts  no  openings 
except  those  necessary  for  entrance*<k>ors  should  be  permitted.  The  doors 
shoiud  be  of  fire-proof  construction,  pages  906-7,  and  made  solid.  Glass  lij^hta 
are  sometimes  provided  in  such  doors,  although  this  is  not  good  practice;  if 
they  are  used,  wire-glass*  only,  should  be  used,  in  accordance  with  the  limiia- 
tions  noted  on  page  908.  Open  grille-work  for  passenger-elevator  enclosures  is 
being  rapidly  super^ded  by  construction  which  is  more  fire-resisting.  The 
architectural  features  of  open  giiUcs  may  sttU  be  retained  for  the  fronts  and  doors 
of  such  elevators  by  using  them  in  conjmiction  with  approved  wire-glass  con- 
struction. In  interior  Eght-shafts  and  vent-shafts,  openings  must  necessarily  be 
provided,  but  here  again  the  construction  of  the  window-frames,  sashes  and 
glazing  ^uld  be  as  far  as  possible  as  described  on  pages  906  to  908.  When- 
ever the  occupancy  of  a  building  admits*  the  stairs,  also,  should  be  inclosed  in 
masonry  walls,  with  fire-proof  doors  at  the  openings.  Unless  so  indosed  the 
stairways  form  flues  for  the  flames,  and  the  stairs  themselves,  consequently, 
are  esposed  to  intense  heat.  In  such  situations,  even  absolutely  fire-proof  staira 
could  not  be  used  during  a  fire,  and  possibly  it  is  for  this  reason  that  greater 
pains  have  not  been  taken  to  make  them  fire-pioof .  Shaft-walls  should  in  all 
cases  be  carried  3  ft  or  more  above  the  roof. 

D«Ad«flia|^  Ptopwti—  ol  Partitions.  The  resistance  to  the  passage  of 
■omad  through  fiie-proof  partitions  is  an  important  consideration  in  buildings 
used  for  Ixvag-apartments;  and  where  the  rooms  are  to  be  used  as  music- 
,  it  becomes  a  mattev  oi  still  greater  importance.  In  January,  1 895,  some 
ade  to  determine  the  relative  deadening  fro(P£kti£s  of  the  dif- 
fereaipBrtitkHis  shown  in  Fig.  87,  the  object  being  to  decide  upon  the  construe- 
tim  that  sbouM  be  used  in  Steinws^  Hall,  Chicago,  111.  The  rank  of  the 
fliBf'iMiI  partitioBS  tested,  in  soukxkproov  esticiency,  is  shown  by  the  num- 
bers at  iha  ri^t  ol  the  partition-diagrams.  The  4-in  porous  partition  was 
wff»py  but  was  not  a  sacceas.  In  the  Fine  Arts  building,  in  the  same  city, 
double  partitions,  similar  to  No.  x,  were  used,  and  it  is  said  that  they  were  a 
gfcat  success.  It  is  sarprismg  to  note  th&t  in  the  tests  above  mentioned,  the 
3-itt  solid-plaster  partition,  Na  3,  plastered  with  common  mortar,  ranked  higher 
in  SOUNIKSBABBNIHO  FSonnTiES  than  those  with.double  studs.  Tlie  relative 
coat  ol  partition^  r,  a  and  3,  indudrng  the  pla.stering,  was  stated  by  the  Illinois 
Tena-cotta  Lumber  Company  to  be  $1.86,  $i.z6  and  $1.14,  respectively. 
In  xflQs,  C.  L.  Norton  tested  the  sonm»-DEAOKNiNO  properties  of  partitions 
ol  several  foims^  for  the  purpose  of  selecting  a  construction  which  was  the  most 
nxsrRBSisiiNO  and  sodnd-proof  for  the  dormitories  of  the  New  England  Con- 
sovatocy  ol  Mvsac,  in  which  practically  every  room  is  a  music-studio.*  The 
various  partitions  weie  rated  by  Professor  Norton  as  shown  in  the  following 
table; 

*  The  results  of  these  tests,  with  a  description  of  the  partitions,  was  published  in 
bisursDoe  Fngf'My""g  for  August,  x9oa. 
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No. 

Room 

Side 

Srnle 

Com  position 

z 

E 

Left 

100 

Cabot's  quilt,  3  thick  and  metal  lath 

2 

E 

Right 

95 

Cabot's  quilt,  2  thick  and  metal  lath 

3 

E 

Rear 

95 

Cabot's  quilt,  2  thick  and  metal  lath 

4 

C 

Rear  , 
Left    • 

85 

Sackett  board .  2  felt  on  channels 

5 

C 

8S 

Sackett  board.  2  felt  on  channels 

6 

C 

Right 

8o 

Sackett  board.  2  felt 

7 

D 

Rear 

75 

Metal  lath  and  paper 

8 

D 

Right 

75 

Metal  lath,  paper  and  felt 

9 

B 

Right 

6o 

Two  2-in  Keystone  blocks  with  2-in  air-space 

10 

A 

Rear 

50 

4-in  National  terra-cotta  blocks 

II 

B 

Rear 

SO 

3-in  Keystone  blocks 

12 

A 

Right 

4S 

3-in  National  tcrra<otta  blocks 

13 

B 

Left 

40 

a-in  Keystone  bkKks 

14 

A 

Left 

40 

2-in  National  terra-cotta  blocks 

IS 

D 

Uft 

30 

2-in  metal  lath,  solid  plaster 

"Nothing   more  is  to  be  inferred  from  the  numerical  effidcndes,  under 
'scale, '  than  that  the  first  partition  is  about  three  times  as  good  as  the  last,  and 

that  the  numerical  interval 
between  any  two  partitions 
on  the  list  merely  indicates 
the  order  of  the  magnitude  of 
the  ?!ifference  between  the 
partitions."  Prof essor Norton 
recommended  a  partition  of 
Sackett  Board  and  plaster 
with  twothicknessesof  Cabot's 
quilt  between  the  plaster- 
boards,  and  this  construction 
was  adopted.  The  studding 
was  put  up  the  same  as  for 
the  2-in  sotid  partition,  the 
quilt  secured  to  eadi  side  ol 
the  studs,  and  the  plaster- 
board wired  on  to  the  studs 
through  the  quilt.  This  makes 
as  light  a  partition,  also,  as  it 
is  possible  to  construct. 

Furring  for  Outside  Wallt. 
The  outside  walls  of  fire-proof 
buildings  are  generally  finished 
on  the  inside  by  plasterii^ 
applied  directly  to  the  masonry. 
When  the  walls  are  of  brick, 
it  is  often  desirable  to  fur 
them  so  that  there  will  be  an 
air-space  between  the  plaster 
and  the  masonry  to  prevent  the 
I  of  moisture.  This  furring  should  be  either  of  terra-cotta  or  metal,  and 
never  of  wood.    For  this  purpose  f  urring-bricks  are  generally  used.    They  are 
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made  d  brick<lBy  and  of  the  same  size  as  common  bricks;  but  they  are  hollow. 
They  are  built  up  with  the  rest  of  the  wall,  on  the  inside  face,  and  bonded  into 
the  wall  by  the  usual  header-courses.  Partition-tiles,  also,  are  often  used  for 
the  inner  4  in  of  brick  walls,  the  tile  taking  the  place  of  one  row  of  bricks, 
as  shown  in  Fig.  88.  By  this  means  dampness  is  excluded  without  adding 
to  the  thickness  of  the  walls;  and  the  only  additional  expense  is  the  differ- 
ence between  the  cost  of  the  hollow  tiles  and  that  of  the  one  inner  row  of 
oommon  bricks.  When  using  either  furring-blocks  or  hollow  tiles,  the  mason 
should  be  careful  not  to  drop  mortar  into  the  hollow  spaces.  When  walls  are 
furred  or  lined  with  tile,  solid  porous  terra-cotta  blocks  should  be  built  in 
wherever  nailings  are  required  for  bases,  picture-moldings,  etc.  In  some  cities, 
as  in  New  York,  the  laws  require  that  when  furring-bricks  or  tiles  are  used 
they  shall  not  be  counted  as  part  of  the  thickness  of  the  wall.  Wire  lathing, 
also,  with  i-in  V  ribs  woven  in  every  7H  in,  makes  a  good  furring  for  brick 
walls,  as  it  is  easily  applied  and  leaves  air-spaces  between  the  wall  and  plaster. 
All  of  these  devices  also  protect  the  walls  from  being  warped  by  heat  during  a 
fire,  and  prevent  the  passage  of  heat  through  the  walls  in  summer  and  winter. 

Metal  Furring.  To  produce  architectural  forms  in  the  interior  decoration 
of  fire-proof  buildings,  uetal  fuiuling  and  uetal  lath  are  now  almost  uni- 
versally used.  The  furring  is  always  of  a  sham  nature,  and  never  employed 
to  carry  loads  of  any  magnitude;  so  that  the  only  requirement  is  that  it  shall 
be  incombustible  and  furnish  a  satisfactory  ground  for  attaching  the  metal  lath. 
For  coves,  cornices,  false  beams,  etc.,  the  furring-members  are  made  of 
tight  bars,  angles,  tees  or  channeb,  attached  to  the  walls  by  means  of  luiils, 
staples,  or  toggle-bolts,  and  to  the  steel  beams  by  means  of  bolts,  hangers,  dips, 
etc  The  furring-pieces^are  bent  or  shaped  to  the  approximate  outlines  of  the 
finished  plaster-work,  so  that  when  the  lathing  is  applied  it  will  require  not 
more  than  iV^  or  2  in  of  plaster  to  give  the  desired  outline.  For  plane  surfaces, 
the  furring  should  be  brought  to  within  H  in  of  the  plaster-line.  Deep  beams, 
etc.,  should  be  braced  by  diagonal  rods,  to  prevent  distortion.  All  structural- 
steel  members  should  always  be  fire-proofed  back  of  the  furring.  The  lathing  is 
secured  to  the  furring  by  means  of  No.  iS  galvanized  lacing  wire.  The  spacing 
of  the  furring  should  be  either  i  a  or  16  in,  according  to  the  kind  of  lath  that  is 
to  be  used.  When  chases  in  walls  are  covered  over,  the  covering  should  be 
done  with  metal  furring  and  lath.  The  casings  for  vertical  pipe-lines,  also, 
should  be  of  this  construction  and  the  space  about  the  pipes  at  the  floor-level 
should  be  filled  solidly  with  fire-proof  material,  to  cut  off  all  connection  be- 
tween stories. 

7.  Fire-proof  Flooring 

Fire-proof  Flooring.  The  floor-surfaces  of  most  fire-proof  buildings  consist 
of  hard-wood  flooring  secured  in  the  usual  manner  to  nailing-strips  embedded 
in  the  concrete  or  in  the  filling  above  it.  It  is  sometimes  advisable  to  use  in- 
combustible flooring.  The  New  York  City  building  code  requires  that  in  all 
buildings  over  150  ft  in  height,  the  floor-surfaces  shall  be  of  stone,  cement, 
tiling  or  similar  incombustible  material,  or  of  wood  treated  by  some  process 
which  renders  it  fire-proof.  For  warehouses  and  factories,  floors  finished  with 
Portland-cement  mortar  are  about  as  satisfactory  as  floors  with  any  other  over- 
floor  finish;  and  cement  floors  have  been  much  used  for  the  guest-rooms  of 
hotels.  In  the  latter  rooms,  the  floors  are  covered  with  carpets,  which  arc 
secured  to  wooden  strips  embedded  in  the  cement  around  the  borders  of  the 
room.  Thu  makes  a  very  sanitary  floor,  and  one  as  easy  for  the  feet  as  a  car- 
peted wooden  floor.  For  public  corridors,  banks,  lobbies,  toilet-rooms,  etc.,  the 
encaustic,  vitreous,  ceramic  or  marble  tilings  are  generally  used.    In  Franoe  and 
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Genxuiny  large  qiiafLtitie&  of  eemeat  tiks  we  used.  Cement  tiles  luire  been  In- 
troduced into  this  country,  also,  but  have  not  yet  been  able  to  oOAipote  with 
the  encaustic  tiles.  In  most  building,  however,  the  use  of  atonCr  eement  or  tile 
flooring  is  inadvisable.  These  materiab  are  cold  and  trying  to  the  fett.  As  a 
rule,  cement  floor-surfaces  do  not  wear  well^  AsphaMic  flooring  h  setnetfanes 
usedi  but  it  is  not  pleasing  in  appearance.  This  matedal  and  dUlerent  floor- 
tiles  are  discussed  on  pages  1518  to  xj23<  The  characteristics  of  fliw-prooled 
wood  and  its  availability  for  thid  purpose  are  qmte  fully  coveted  ift  the  dlflcosGioA 
of  that  material  on  page  8^10. 

CottpoidtlcMi  Mooring.  Several  attempts  have  been  made  to  obtain  a 
flooring-material  which  could  be  spread,  without  joints,  over  an  endre  floor, 
and  at  the  same  time  be  elastic,  wear  well,  withstand  water,  adds,  etc.,  and  not 
be  too  expensive.  Various  mixtures  of  magneslte,  asbestos,  fine  sand,  sawdust 
mixed  with  linseed-oil,  and  some  binder  Kke  chloride  of  magnesium,  have  been 
put  on  the  market  under  different  names,  all  more  or  Itss  meeting  the  tequlre- 
meats  above  stated  and  being,  also,  fire-proof.  These  materials  are  shipped  in 
the  form  of  a  dry  powder  to  the  place  where  they  are  to  be  used,  &tid  are  there 
Doixed  with  a  specially  prepared  liquid.  The  resultant  is  «  plastic  material 
which  is  laid  upon  the  surface  to  be  covered  in  much  the  same  way  that  ordi- 
nary cement  or  plaster  is  put  on.  The  materials  harden  in  from  12  to  24  hours 
in  moderately  dry  weather,  when  the  floor  is  ready  for  use.  AVhen  properly 
laid  the  floor  presents  a  smooth,  fine-grained  and  continuous  surface,  resem- 
bling linoleum.  These  materials  are  made  in  various  colors,  such  as  red,  white, 
yellow,  brown,  gray,  Mack,  bhie  and  green,  and  can  be  laid  on  wood,  stone, 
concrete,  asphalt^  cement,  or  metals.  Another  advantage  is  that  they  can  be 
carried  up  on  the  walls  so  as  to  form  a  coved  base,  without  cracks  or  joints. 
Among  the  manufacturers  furnishing  such  floorings  may  be  mentioned  r  Amer- 
ican Monolith  Company,  Milwaukee,  Wis.;  Asbestolith  Manufacturing  Com- 
pany, New  York  City;  Robert  A.  Keasbey  Company  (Crown  Sanitary 
Flooring),  New  York  City;  HydroKth  Company,  Brooklyn,  N.  Y.;  General 
Kompolite  Company,  New  York  City;  Marbleoid  Company,  New  Yorfe  City; 
Minnesota  Faience  Stonewood  Company,  St.  Pftul,  Minn.;  Franklin  R.  MuUer 
Company,  Chicago,  111.;  Keasbey  &  Mattison  Company  (Magnesia  Building 
Lumber),  New  York  City;  Ronald  Tayter  Company,  New  York  City;  and 
Warren  Bros.  Company,  Boston,  Mass. 

8.  Interior  Finish  and  Fittings 

Interior  Finish.  In  buiklings  in  New  Yorlt  City  in  which  the  flooring  must 
be  of  incombustible  material,  the  interior  finish,  also,  including  the  doors,  door- 
jambs,  window-frames,  sashes,  bases  and  trims,  must  be  made  of  incombustible 
materials.  The  same  materials  that  are  accepted  for  flooring  can  be  used  for 
this  interior  finish  also.  Several  of  the  largest  buildings  in  New  York  City, 
including  the  Fuller  Building,  have  all  the  trhn  constructed  of  fire-proof 
WOOD.  In  the  Hotel  Gotham,  all  the  doors  and  interior  finish  are  made  o< 
Alignum. 

Metal  Doors,  Sashes,  Framss  and  Trim.*  The  effort  to  make  the  interior 
of  buildings  fire-proof  has  resulted  in  metal-covbrbd  wood,  and  in  doors. 
sashes,  frames,  trim  and  moldings  of  hollow  steel  or  other  metal.  Many  very 
large  buildings  have  in  recent  years  been  equipped  wholly  or  in  part  with  I 


*  For  A  brief  outline  of  thb  subject.  Illustrated  with  hilAetoua  detail  drawioKt,  see 
article  on  Metal  Damn,  Sashes,  Frames  add  Trim,  by  ProfesM>r  Thomas  Ifolan.  b  Kidder's 
"BiiiMii«  Construction  and  Stipariatendetiea,  Part  II,  Carpenten'  Wock." 
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pBodnets,  «Bd  tke  products  themselves  hare  readied  a  stage  of  great  peif ec* 
tion  of  woikmansiiip  and  efficiency.  Tkere  are  now  (1915)  several  cities  in 
the  United  States  that  ccanpel  the  use  of  these  products  for  certain  parts  of 
buildings  wfaidi  aoe  over  a  certain  height;  and  it  is  probably  only  a  question 
of  time  wbm  other  cities  will  pass  ordinances  compelling  tfieir  use.  At  the 
present  time  co«t  enters  Jai^ely  into  the  question  of  substituting  them  for  wood. 
The  clause  in  the  Building  Code  of  the  City  of  New  York,  in  the  section  on 
Fire-proof  Buildings  which  relates  to  this  subject,  is  as  follows:  "whoi  the 
height  of  a  fire-proof  building  exceeds  twelve  stories,  or  more  than  one  hundred 
and  fifty  feet,  all  outside  window-frames  and  sashes  shall  be  of  metal,  or  of  wood 
covered  with  metal,  the  inside  window-franies  and  sashes,  doors,  trim  and  other 
interior  finish  may  be  of  wood  covered  with  metal  or  of  wood  treated  by  some 
process  approved  by  The  Board  of  Buildings  to  render  the  same  fire-proof." 

Among  the  first  attempts  in  the  United  States  to  fire-pxoof  the  interior  trim 
of  buildings  were  those  made  in  New  York  City,  about  the  year  1S80,  in  the 
form  of  metal-covered  woodwori^,  by  the  firm  of  Campbell  &  Bantossell  of  that 
city.  About  this  time,  aiso,  there  were  introduced  along  with  various  processes 
of  fire-proofing  woodwork,  rxKB-PROOF  paints.  Later  riMSrVRoow  wood  was 
introduced,  that  is^  wood  which  has  tke  resin  and  other  inflammable  componentp 
extcacted  from  it,  and  the  fiber  left.  In  the  course  of  a  few  years  the  mstai/- 
cxwEJUip-woQD  industry  developed  to  su£h  ^  stage  that  it  was  possible  to  trim 
with  its  products  the  interior  of  a  building  and  keep  a  good  appearance.  No- 
table examples  are  the  Manhattan  Life  Insurance  Company's  Building  and  the 
Barclay  Building  and,  of  more  recent  date,  the  Metropolitan  Tower,*  the  Fifth 
Avenue  Office-Building,  the  Germania  Life  Insurance  Comi>any's  Building  and 
the  Vandeif>ilt  Hotel,  all  in  New  York  City;  the  Hoge  Building,  Seattle,  Wash.; 
the  Hall  of  Records,  Los  Angeles,  Cal.;  the  Rockefeller  Annex,  Cleveland, 
Ohio,  etc 

The  rough,  uilfinished  appearance  of  the  standard  tin-clad  door  set  men 
to  seeking  a  product  for  use  in  interior  finish  which  would  lend  itself  to  more 
decorative  effects.  Hie  Kalahein  iron  and  other  metal-covered  work 
resulted.  In  the  meantime  improvements  were  constantly  being  made  in 
HOLLOW  SHEET-KETAL  doors  and  trim,  and  from  about  the  year  1903  hollow 
STEXL  construction  for  this  work  came  into  use.  Owing  to  its  generally  superior 
wozkmandup  and  to  the  splendid  enamel  surfaces  which  xran  be  given  it  by 
various  baking-processies,  this  type  of  interior  finish  has  found  favor  in  the  eyes 
of  the  architects  and  owners  of  modem  offices,  mercantile  and  public  buildings. 

Kalamntn  Iroxtf  Kalamein  htois  is  the  trade  name  given  to  one  of  the 
open-hearth  5heetr«teel  products  which  is  covered  with  a  thin  alloy  of  tin  and 
lead  in  much  the  saxne  w^  that  galvanized  iron  by  galvanic  immersion  is 
coated  with  aoc  "The  name  Calamine  (with  Galmoi  of  the  Germans)  is 
oommonly  sujpiposed  to  be  a  corruption  of  Cadnua.  Agricola  says  it  is  from 
Calamus,  a  reed,  in  allusion  to  the  slender  forms  (staJactic)  common  in  the 
Cadmia  formation."  ;t  The  term  Kalamein  is  often  used  incorrectly,  by 
architects  ;md  others,  for  an^  form  of  metal-covered  woodwork,  whether  the 

*  Tbc  MctwpoUtsn  Xow^  baa  a  mctaUcoorcBed  tidm  which  k  a  spectaZ  ibrooze-^phto 
OMistrttctioa  over  a  wooden  oont.  ISus  was  4evdoped  hy  Tbe  John  W.  KafUj)  Conpaoy, 
afterwards  consolidated  with  The  J.  F.  Blanchard  Company  into  the  United  States  Metal 
PvodacUCompopy,  Jiem  Vtosk  GH^. 

t  Among  the  better  known  manufacturers  of  metal-covered  work,  whose  doon  are 
inspected  and  ktbeled  by  the  iUaderwritert'  Laboratodes,  Inc.,  ase  the  United  States 
Metsl  Produols  Camsmj,  JKew  IMk  Qty  and  «he  Thoep  Fixeproof  Door  Company, 


X  Dana's  Dictionary  ci  Mineralogy. 
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metal  is  sted,  copper  or  bronze,  to  distinguish  metal-covered  from  hollow 
METAL  construction;  but  the  term  is  obviously  misleading  and  causes  much 
confusion.  In  several  instances  architects  have  specified  Kalamein  material 
expecting  bronzk  metal  to  be  used  in  the  covering,  whereas  the  manufacturer's 
interpretation  of  the  specification  was  that  Ralamein  ulon  was  intended. 

Metal-Covered  Doors,  Frames  and  Trim.  The  cores  of  metal^x^veiied 
doors  and  frames  are  built  up  of  oak  or  white-pine  strips  dovetailed  together 
lengthwise  to  the  grain.  In  gluing  up  the  strips  into  stiles  and  rails  the  grain 
of  each  strip  is  reversed  in  order  to  resist  the  tendency  of  the  core  to  twist. 
The  stiles  and  rails  are  mortised,  tenoned  and  box-wedged  and  the  cores  are 
covered  with  asbestos  paper  or  board  and  enclosed  with  sheet  metal,  either  steel 
(which  may  be  painted  to  match  a  wooden  trim,  or  electroplated  with  copper, 
brass  or  bronze),  or  solid,  sheet  copper,  brass  or  bronze.  For  doors  up  to  3  ft 
4  in  in  width  and  8  ft  in  height,  both  sides  are  often  made  of  continuous  sheets 
of  metal,  which  have  the  panels  pressed  into  them  by  hydraulic  pressure  and 
are  without  seam  or  joint  The  metal  sheets  of  the  two  sides,  in  one  make  of 
door,*  are  made  to  overlap  in  a  depression  on  the  edges  of  the  door  and  are 
secured  in  place  by  screws  which  pass  through  both  face-sheets.  The  standard 
thickness  of  this  door  is  2H  in.  When  these  doors  arc  more  than  3  ft  4  in  in 
width,  each  face  is  generally  made  of  two  sheets  which  meet  over  a  middle 
stile  and  lock  together  with  a  flush  double-lock  joint.  This  makes  a  double 
row  of  vertical  paneb. 

Metal-Covered  Window-Frames  and  Sashes.  Window-frames  and  sashes, 
as  well  as  door-frames  and  doors,  are  made  of  metal-covered  wood.  Bronze 
is  the  metal  usually  recommended  and  preferred  although  Kalamein  iron  may 
be  substituted  when  a  much  cheaper  construction  is  necessary.  This  cheaper 
metal  may  be  painted  and  will  give  fair  service  but  it  is  not  reconunended. 
Galvanized  iron  and  copper,  also,  arc  used. 

"Window-frames  and  sashes  of  Kalamine  or  of  sheet-metal  over  wooden  cores 
arc  principally  used  for  windows  or  skylights  where  the  only  danger  of  fire- 
contact  is  through  flying  sparks.  They  are  non-combustible  rather  than 
FIRE-RESISTING.  The  lights  arc  usually  of  plate  glass,  cxpedally  if  Kalamine 
trim  is  used  simply  to  comply  with  the  law  in  those  cities  where  non-combusti- 
ble windows  and  doors,  etc.,  are  required  in  buildings  of  a  certain  class  or  of  a 
height  above  fixed  limits.  Previous  mention  has  been  made  of  their  efficiency 
as  demonstrated  in  the  burning  of  the  Kohl  building  in  San  Frandsoo,  and  their 
value,  even  as  a  substandard  protection,  has  been  pointed  out;  but  for  efficient 
fire-resistance»  Kalamine  windows,  especially,  are  an  xmknown  quantity,  as 
the  resistance  offered  by  the  lighter  members,  such  as  sash-rails,  is  questionable. 
The  better  examples  of  the  work  present  pleasing  workmanship  and  finish.  If 
some  composition  could  be  used  for  the  body  instead  of  wood,  without  producing 
diemical  action  harmful  to  the  metal,  a  superior  type  of  Kalamine  work  would 
result  which  would  be  of  great  value. "  f 

HoUow  Metal  Finish  in  General.t  The  transition  from  metaz/COVbred 
WOOD  to  hollow  sheet-metal  for  doors,  sashes,  frames,  trim,  moldings,  etc., 
was  luiturally  and  easily  made  and  to-day  the  latter  type  of  construction  when 
expertly  carried  out  results  in  details  for  interior  work  which  are  very  efficient 

*  The  Richardson  seamless  door,  made  by  the  Thorp  Fireproof  Door  Company, 
Minseapolb,  Minn. 

t  "Fire  Prevention  and  Fire  Protection,"  by  J.  K.  Freitag. 

X  Among  the  better  known  manufacturers  of  hollow,  sheet-metal  doors,  trim,  etc.. 
are  the  Dahktrom  MeUllic  Door  Company,  Jamestown,  N.  Y..  and  the  United  States 
Metal  ProducU  Company,  New  York  City. 
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to  resist  fire  and  handsome  in  appearance.  It  would  be  difficult  to  devise  con- 
structional details  which  would  be  nu)re  satisfactory  and  at  the  same  time 
present  greater  possibilities  in  the  way  of  elaborate  design  and  high  finish; 
and  it  is  on  accoimt  of  all  these  advantages  that  this  type  of  construction  is  used 
in  the  interior  equipment  of  many  of  the  best  examples  of  fire-resisting  build- 
ings, especially  for  the  doors,  frames,  sashes  and  trim  of  corridors,  hallwa)rs  and 
stair  and  elevator-enclosures  and  even  for  entire  office-partitions.  Because  of 
the  non-absorbent  character  of  the  baked-enamel  finish  this  material  b  partic- 
ularly sanitary;  and  hoUow  metal  doors  are  more  easily  cleaned  than  any  others, 
especially  if  all  moldings  are  omitted  and  panels  made  simply  as  smooth  depres- 
sions. The  thirkne«;s  of  standard  hollow  metal  doors  approved  by  under- 
writers, varies  from  iH  to  2H  in. 

Hollow  Metal  Boors.  The  Dahlstrom  patent  sheet-metal  nooR*  is 
made  from  two  No.  20-gauge,  steel-plates,  one  stile  and  one  panel-face  being 
formed  from  each  of  the  sheets,  which  are  connected  by  interlocking  seams  on 
opposite  sides  of  the  panels  and  make  practically  a  double  door.  In  construct- 
ing the  panels  they  are  first  lined  with  a  sheet  of  asbestos  next  to  the  steel  on 
each  side,  and  the  space  between  is  filled  with  a  layer  of  hair-felt  paper,  which 
makes  a  resilient  filling  that  is  a  non-conductor  of  heat.  The  stiles  are  left 
hollow  but  strips  of  cork  are  laid  perpendicularly  across  the  center  of  each  to 
deaden  the  metallic  ring.  The  panels  are  then  attached  to  each  other  to  form 
the  door  by  planting  on  and  welding  in  place  properly  formed  cross-rails,,  at 
the  top  and  bottom,  and  wherever  else  they  may  be  desired;  the  moldings  are 
coped  over  the  molded  stiles  at  the  sides.  The  top  and  bottom  edges  of  the 
door  are  then  reinforced  with  channels  and  bars,  and  the  doors  made  perfectly 
straight  and  rigid.  The  fire-resistance  of  this  construction  is  increased  by 
letting  no  rivets  or  screws  pass  through  from  one  side  of  the  door  to  the  other 
in  the  exposed  parts.  The  transmission  of  heat  is  thus  avoided.  While  the 
door  is  being  put  together,  provision  is  made  for  attaching  the  hardware. 
After  the  doors  have  been  put  together,  they  are  sent  to  the  finishing  depart- 
ment where  the  steel  is  thoroughly  cleaned  from  all  rust,  grease  or  other  im- 
purities. They  are  then  given  six  or  eight  coatings  of  enamel,  being  baked  after 
the  application  of  each  coat  in  large  ovens  which  are  heated  to  300"  F.  After 
the  final  coat  of  varnish  is  put  on,  they  are  usually  rubbed  to  an  egg-shell, 
gloss-finish,  equal  in  quality  to  any  hardwood-finish,  and  more  durable  because 
baked  on.  llie  surfaces  can  be  grained  to  imitate  with  wonderful  exactness 
any  wood,  such  as  quartered  oak,  mahogany,  Circassian  walnut,  etc  If  the 
doors  are  to  receive  glass  panels  they  are  provided  with  detachable  moldings 
to  hold  the  glass  in  place. 

Doors  of  the  Dahlstrom,  hollow  metal  tsrpe  are  installed  in  the  corridors 
and  partitions  of  the  Singer  Building  and  tower  t  and  the  United  States  Express 
Building,  New  York  City;  the  Bell  Telephone  Exchange  Building,  Philadelphia, 
Pa.;  the  Seventh  Regiment  Armory,  Chicago,  III.;  the  Pontchartrain  Hotel, 
Detroit,  Mich.;  ^the  Bank  of  Commerce  Building,  St.  Louis,  Mo.;  the  First 
National  Bank  Building,  Denver,  Col.;  the  Royal  Insurance  Building,  San 
Francisco,  Cal.;  and  many  others. 

The  United  States  Metal  Products  Company  makes  two  kinds  of  hollow 
STEEL  doofs,  known  as  type  A  and  type  B.  Both  kinds  are  the  same  in  general 
appearance  and  differ  only  in  construction.  Type  A  has  a  complete  inside 
lijaing  of  asbestos;  type  B  has  single-thickness  sheet-steel  panels,  with  a  partial 

*  Made  by  the  Dahlstrom  Metallic  Door  Company,  Jamestown,  N.  Y. 
t  A  aevcfe  fire  in  the  twenty-«ixth  story  of  th»  tower  was  effectually  confined  to  the 
loom  in  wUch  it  origiaated  by  the  doon  of  this  type  of  coDstruction. 
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aibcsfcos  finiag  in  the  stiles  and  ra&  to  fxevcnt  iwerbention.  Anxmg  the 
Many  buildings  that  have  been  equipped  with  hollow  steel  <k»rs  ottde  by 
this  company  aoay  be  mentioned,  in  New  Yoik  Cky,  the  WooKroith  Build- 
ing, the  Germania  Life  Insurance  Building  and  the  Rits-Carlton,  McAlpin  and 
Vaoderbilt  Hoteb;  in  Cleveland,  Ohio,  the  Rockefeller  Building;  in  Boston, 
Mass.,  the  Jordan-Marsh  Building;  in  Duluth,  Minn.,  the  Soo  BuildiBg;  in 
Worcester,  Mass.,  the  Worcester  County  Couit^Ioiise;  and  in  San  Ffmndsoo, 
Cal.,  the  First  National  Bank  Building,  in  some  of  the  buildings  raentioBed 
in  the  preceding  articles,  hollow  metal  doors,  trim  and  motdines  are  «coom- 
panied  by  branae  or  other  metal^avebed-wooo  window-franes,  sashes,  «tc. 

Hellow  Metal  Door-Frmmes,  Trim  and  Moldings.  After  the  hollow 
METAL  door  reached  an  advanced  stage  of  construction  the  manufacturen 
turned  their  attention  to  the  problems  invol^ml  in  naidiig  netal  f nunes  and 
moldings.  It  was  found  that  moldings  made  fay  the  ordinary  box^oucd 
FSOCESS  were  too  sough  and  heavy  and  required  too  much  Ubor  to  amoodi 
and  finish  their  surfaces;  and  that  those  pressed  from  light-gauge  steel  by  tha 
common  methods  were  not  dear<ut  and  definite  in  their  outlines  and  were 
Umited  in  length  and  in  variety  of  shapes.  Accordingly,  what  is  known  ms  the 
coLi>'MiAWN  METHOD  of  making  frames,  trim  and  moklings,  waa  developed  aad 
perfected,  and  moldings  made  by  this  process  are  now  used  for  many  kinds  of 
interior  woric.  The  cold  metal  is  diawn  through  sfMcial  dies  to  give  it  the 
required  shape  and  the  brig^  finish  is  retained.  The  comers  and  angles  oone 
out  sharp  and  true  and  the  pieces  possess  mudi  greater  strength  and  rigidity 
than  those  hot-rolled  and  several  tines  thicker.  There  are  dies  for  over  a 
thousand  shapes.  Moldings  can  now  be  made  in  lengths  up  to  40  or  even  $0 
ft,  but  extra-freight  rates  and  other  draw-backs  make  it  madvisable  to  ttip  it 
in  lengths  of  over  20  ft.  Besides  the  cold-kollkd  special  high-grade  steel, 
brass,  bronze  and  oopper  are  used  in  their  manufacture.  The  loHed  diapea 
include  angles,  channels  and  Z  bars;  moldings  for  bases,  oomioes,  wire-oon- 
duitSi  door-jambs,  sash-bars,  panels  and  glass;  picture-frames,  door  and 
window-casings  and  trims  of  all  kinds;  wainscoting  and  chair-iails;  and 
numerous  miscellaneous  sorts.  WKOOGBT-mON  welded  one-piece  door-fnuncs 
are  made  for  use  in  fire-proof  partitions.  These  frames*  are  oonstnicted 
scientifically  of  spedally  rolled  wrought  iroh  in  aevend  different  chapes. 
The  mitered  comers  are  welded  together  making  the  frame  one  solid  piece. 
They  are  made  for  any  thickness  or  type  of  door  or  partition,  require  no 
bracing  and  can  be  fitted  with  invisibie  hinges  if  required. 

Hollow  Metal  Window-Frames  and  Sathet.t  Hollow  metai.  window- 
frames  and  sashes,  as  well  as  those  which  are  made  of  metal-oovered  wood 
and  of  cast  iron,  wrought  iron,  drawn  bronze,  cast  bronze,  etc.,  and  glazed  with 
wire-glass,  prism  glass,  electroplated  glass,  etc.,  are  used  in  those  parts  of  build- 
ings in  which  the  exposure  to  fire  is  not  great  enough  to  require  the  use  of  hinged 
or  rolling  Gutters,  or  where  a  more  pleasing  appearance  is  demanded  than  that 
resulting  from  the  use  of  hinged  or  rolling  fire-shutters.  Owing  to  many 
improvements  made  in  recent  years,  both  in  design  and  details  of  manufacture, 
hollow,  sheet-metal  window-frames  and  sashes  are  now  ranked  among  the 
best  types  of  those  of  moderate  cost  for  general  use.  The  National  Fire  Pro- 
tective .\ssociation,  by  their  recommendations  and  standardization,  and  the 
tests  and  labeling  systems  of  the  underwriters'  laboratories,  have  been  lazgdy 
instrumental  in  bringing  about  these  improvements  and  results.  It  is  stated 
that  these  laboratories  have  (up  to  the  year  1912)  approved  from  one  to  eii^teca 

*  Manufactured  by  J.  G.  Braun.  New  York  City. 

t  See,  also,  Sheet-MtfUi  for  Fire-Resisting  Wiodow-Fiaata  and  1 
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t3^pes  o£  these  windows  for  each  of  sixty-seven  manufacturers.  This  puts 
twenty-two  distinct  types  in  use.  About  the  only  disadvantage  connected 
with  the  use  of  sheet-metal  windows  is  a  relatively  rapid  deterioration  when 
neglected.  The  materials  used  for  making  hollow  metal  window-frames  and 
sashes  are  galvanized  iron  or  steel;  copper;  sheet  metal,  oopper-plated;  and  sheet 
metal,  bronze-plated.  The  sashes  are  glazed  with  plate  or  maze  wire-glass 
where  good  appearance  is  an  essential  requirement  or  with  ribbed  or  rough 
wire-glass  where  a  translucent  material  only  is  desired.  Of  ^urse,  clear  glass, 
unwired,  may  be  used  when  additional  fire-resistance  is  not  the  object.  The 
National  Board  of  Fire  Underwriters  fix,  within  certain  limits,  the  various  con- 
structional details,  the  maximum  permissible  sizes  of  openings  for  gl^ss,  etc. 
The  principal  regulations  have  been  very  conveniently  condensed  by  Mr.  J.  R. 
Freitag.*  * 

Electroplated  Trim.    A  pro<;ess  recently  introduced  consists  in  electrically 
depositing  a  layer  of  copper  on  the  outer  surface  of  wooden  moldings  or  doors. 
The  metallic  deposit  preserves  the  markings  of  the  grain  of  the  wood  and  makes 
a  very  presentable  door.    A  good  sample  of  this  work  has  been  installed  in  the 
United    Engineering    Building,   New 
York  City,  by  the  New  York  Central 
Metal    Company   of  the  same  city. 
Some  very  fine  work  of  this  kind  has 

been  done  by  the  Hecla  Iron  Works  ^ 

of  New  York  City  by  electroplating 

on   a   fire-proof   material   known   as  i 

Lignolith. 

Cement  Trim.  Keene*s  cement 
has  been  used  for  many  years  for 
running  base-moldings,  door  and  win- 
dow-trim, etc.,  and  in  many  European 
buildings  practically  all  of  the  interior 

finish  is  of  this  material.     Any  mold-       fig.  go.    Dcor-janib  with  Cement  Trim 
ing  can  be  run  in  it  with  good  sharp 

angles,  and  it  is  sufficiently  hard  to  stand  ordinary  usage.  Fig.  89  shows  a 
door-opening  with  a  trim  of  Keene's  cement.  This  detail  can  be  further  im- 
proved by  covering  the  wooden  frame  and  door  with  thin  metal.  The  metal 
and  cement  can  be  painted  as  desired. 

Molded  Hollow  Tiles  for  Inside  Finish.  These  arc  also  being  substituted 
for  the  ordinary  wooden  finish.  The  Amelia  Apartments,  erected  by  H.  B. 
Camp  at  Akron,  Ohio,  in  190 i,t  is  built  almost  entirely  of  hollow  tile.  "The 
bases,  the  picture-moldings,  and  the  architraves  around  the  doors  were  made 
of  specially  formed  tiles,  as  shown  in  Fig.  90.  These  tiles  were  afterward 
painted  to  harmonize  with  the  scheme  of  color-decoration.  All  of  the  Boors 
throughout  the  building  are  covered  with  a  cement  composition  composed*  of 
Sandusky  cement  and  groimd  wood,  troweled  down  smooth  and  level. " 

Metallic  Furniture  and  Fittings.  In  offices,  banks,  libraries  and  public 
buildings,  the  furniture  and  fixtures  are  about  the  only  articles  on  which  a 
fire  can  feed,  if  the  building  itself  is  fire-proof,  and  if  these  are  made  of  incom- 
bustible materials  there  is  no  chance  for  a  fire  to  gain  headway  or  to  do  much 
damage.    Almost  anything  in  the  way  of  furniture  and  fittings,  including 

•  For  the  principal  regulations,  conveniently  condensed,  sec  "Fire  Prevention  and 
Fiw  Protection,"  by  J.  K.  Freitag. 
t  Docribed  in  ^'Fiieproof,"  July,  1909. 
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even  roll-top  desks  and  highly  ornamental  cabinets,  may  now  be  obtained  m 
metal;  and  many  libraries,  banks,  and  court-houses  have  been  fitted  up  and 
furnished  entirely  with  incombustible  cabinet-work.  Catalogues  can  be  ob- 
tained from  the  leading  companies  engaged  in  the  manufacture  of  metal  fur- 
niture, such  for  example  as  the  Cut  Metal  Construction  Company,  Jamestown, 


*™°^i^»M 
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Fig.  90.    Hollow-tile  Door-trim,  Picture-moldiiig  and  Base 


N.  Y.,  the  Berger  Manufacturing  Company,  Canton,  Ohio,  the  Van  Dom 
Iron  Works,  Cleveland,  Ohio  and  the  Library  Bureau,  New  York  City  and 
Boston,  Mass. 

Stairs.     In  a  majority  of  fire-proof  buildings  the  architects  have  contented 
themselves  with  putting  in  incombustible  stairs  of  iron,  with  perhaps  slate 

or  marble  treads.     As  pointed  out 
in  the  first  pages  of  this  chapter, 
improtected  iron  cannot  be  con- 
sidered fire-proof,  but  it  is  difficult 
to  protect  the  ironwork  of  a  stair- 
way, as  it  is  usually  built,  and  at 
the  same  time  preserve  an  orna- 
mental effect.    If  exposed  metal 
construction  is  to  be  used,  cast 
iron  is  much  to  be  preferred  to 
steel,  as  the  cast  metal  will  retain 
its  shape  under  severe  heat  far 
better  than  thin  facings  or  frame- 
works of  steel.     Slate  and  marble 
treads  and  platforms,  unless  supported  underneath,  should  never  be  used  in  stair- 
case-construction.   WTicn  subjected  to  heat,  marble  and  slate  crack  and  fall 
away,  leaving  the  stairs  impassable.    A  fire-department  captain  in  New  York 
City  lost  his  life  through  the  collapse  of  a  marble  platform.    If  these  materials  ar« 
to  be  used,  therefore,  there  should  be  a  subtread  of  iron  or  concrete  beneath  them. 
A  really  fire-proof  staircase  should  be  constructed  with  as  little  ironwork 
as  possible,  and  what  ironwork  there  is,  incased  in  fire-resisting  materials. 
It  is  possible  and  practicable  to  build  stairs  of  clay  tiles,  bricks,  or  rdnforoed 
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ooQcrete,  that  are  absolutely  fire-proof.    The  stairs  in  the  Pension  Building  at 
Washington,  D.  C,  are  built  of  brick,  with  the  exception  of  the  treads,  which 
&re  slate,  and  in  many  of  the  earlier  government  buildings  the  stairs  are  of 
stone.    Stones  suitable  for  stairs,  however,  will  not  stand  heat  as  well  as  cast 
iron  will.    Part  I  of 
"Building  Construc- 
tion and  Superinten- 
dence** ♦     contains 
descriptions  and   il- 
lustrations  of  brick 
stairs.    The  Guasta- 
vino   Company   has 
built    several    stair- 
cases   according    to 
its    system   of   con- 
struction, using  flat 
day    tile   embedded 
in  cement.    No  iron-      t^.^- 
work     whatever     is     ^  -^ 
used  in  this  construc- 

lion;     hence     it     b  . 

eminently  fire-proof.  ^ 

Fig.  91  shows  a  par- 
tial section  of  a  tile 
staircase  such  as  was 
used   in  the  Amelia 

Apartment  Building,    pj^    ^     Reinforeed^ncrete    Staire.    Government  Printing 
Akron,    Ohio.     The  Office,  Washington,  D.  C. 

blocks  were  of  hard- 
burned  material,  glazed,  and  4  ft  long.    They  were   supported   upon   the 
partition-walls  and  were  used  by  the  mechanics  for  carrying  up  material 
during    the    erection  of   the  building.    Reinforced  concrete,   with   slate   or 
marbk  treads,  b  a  good  material  for  the  construction  of  stairs  and  permits 


^ 


Fig.  93.    Ferroincl&ve  Foundation  for  Stair-treads  and  Risers 

of  very  elaborate  and  complicated  construction.  Fig.  92 1  shows  the 
cmstruction  of  the  stairs  in  the  Government  Printing  Office  at  Washington, 
D.  C.    These  stairs  have  steel  girders  and  strings  enclosed  in  the  solid  con- 


*  By  Frank  E.  Kidder. 

t  From  the  Euginecring  Record  of  Dec  6,  190a. 
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cRte,  whidi  is  molded  to  form  the  stepi  aad  risen,  as  showa  in  the  detail. 
The  steel  strings,  however,  are  hardly  necessary,  as  the'reinfordiig^barB  give 
suffident  strength.  Some  exoeUeat  details  for  ornamental  iron  stairs  were 
published  in  Fireproof,  March,  1903,  in  an  article  by  J.  K.  Freitag.  The  oor- 
rugated  sheet  metal,  known  as  Ferroindave  (page  856)  offers  a  very  oonven* 
ient  foundation  for  cement  stairs.  When  built  between  walls  or  partitkms 
or  with  an  open  string.  Fig.  93  shows  one  way  in  which  the  material  has  been 
used,  the  stairs  being  finished  with  about  2  in  of  cement  o¥ior  the  metal 
and  plastered  underneath.  The  Ferroindave  is  bolted  to  higs  or  braduts 
screwed  to  or  cast  on  the  strings.  Slate  or  marble  treads  and  risers  may  be 
bedded  in  the  mortar  if  desired.    (See,  also,  pages  95 1  and  983*) 

f .  Protection  from  Outside  Hazard 

Window-Protectioa.  To  be  thorou^y  protected  against  the  outside  haxard, 
buildings  must  have  the  openings  in  the  outside  walls  provided  with  sqok 
means  of  effectively  dosing  those  openings  against  flame.  The  same  provision 
should  be  made  for  openings  in  the  partition-walls  of  large  buildings.  Four 
GENERAL  TVPES  of  devices  are  in  use  for  this  purpose:  (x)  tin-covered  wooden 
shutters;  {2)  steel  shutters  or  doors;  (3)  metal  frames  and  sash,  glaaed  with 
wire-glass;  and  (4)  water-curtains. 

Types  of  TKHndow-Protection  Compared.  When  properiy  oonstnicted, 
'^  the  TiN-oovERED  WOODEN  SHUTTER  is  Still  the  most  effective  wiiMiow-protection. 
"In  a  very  severe  fire  in  Lynn,  Mass.,  in  which  the  heat  was  intense  enough  to 
mdt  most  of  the  tin  from  the  outside  of  the  tinned  plates  covering  the  shutters, 
it  was  found  afterward  that  the  wood  was  charred  to  a  depth  of  only  about 
H  in.  The  shutters  were  warped  slightly,  but  afforded  suffident  protection 
against  the  heat  to  allow  men  to  remain  behind  them  to  put  out  sudi  fire  as 
occasionally  crept  through.  This  would  not  have  been  posabk  bdiind  iron 
shutters  under  similar  conditions."*  Steel  sbutters,  imder  the  action  of 
heat,  warp  vexy  readily  and  transmit  oonsiderabie  heat.  They  belong  to  the 
cheapest  type  of  window-protection.  "There  is  one  objection  to  the  use  of 
ahuttan  on  window-openings  and  that  is,  that  they  depend  on  fallible  human 
agency  to  be  effective.  They  must  necessarily  be  open  while  the  building  is 
in  use.  When  the  need  for  them  comes  they  are  apt  to  be  overlooked  and  are  not 
dosed.  Certain]  it  is  that  on  many  bmldings  they  are  not  dosed  at  night.  '*  * 
The  METiiL-TRAME-AND-wiRE-GLASS  wiNXX>ws  are  not  as  tmsightly,  as  shutters 
of  almost  any  kind  are  apt  to  be.  They  are  more  likely  to  be  closed  at  night 
and  more  readily  dosed  when  necessary.  They  do  not  hide  a  fire  and  are 
more  easily  opened  when  it  is  necessary  to  reach  a  fire.  The  one  serious  objec- 
tion to  them  is  the  intense  radiation  of  heat  from  the  wire-glass.t 

Tin-CoTered  Wooden  Fire-Shutters  and  Doors.  The  effectivmess  of 
this  device  depends  on  its  construction.  "Only  weU-aeasoned  non-resinous 
wood,  dressed,  tongued  and  grooved  in  narrow  boards,  should  be  used.  Wood 
containing  moisture  or  resin  may  generate,  under  heat,  suffident  steam  or  gas 
to  force  off  the  tin  covering  and  expose  the  wood  to  the  flame.  The  body  of 
the  door  should  consist  of  two  or  three  layers  of  such  boards  laid  at  right-angles 
with  each  other  and  fastened  together  by  clinch-nails.  The  best  grade  of  tin 
should  be  used.  No  solder  must  be  used,  and  the  tin  'plates  diould  be  lode- 
jointed,  with  the  nails  in  the  scams.  The  nails  must  be  long  enough,  at  least 
zH  in,  to  secure  a  good  hold  beyond  the  depth  to  wUdi  the  wood  is  likdy  to 

*  Insurance  Engineering,  Dec.,  1902. 

t  For  a  consideration  of  water-cuztahis,  see  page^oS. 
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diar,  which  is  about  H  in.  Under  intense  heat  the  wood  is  certain  to  char,  but 
if  the  nails  are  long  enough  to  hold  the  tin  up  against  the  wood,  and  the  tin 
is  pcQpefiy  put  on  so  as  to  keep  the  air  out  to  prevent  burning,  the  shutter 
wiU  stead  under  severe  strains. "  *  The  hinges,  fastenings,  or  hangers  must  be 
bohed  to  the  door,  not  nailed  or  screwed,  as  nails  or  screws  would  pull  out 
during  a  fire.  If  hung  on  hinges,  the  hinge-hook  ehouM  be  built  into  the  wall. 
Ttiis  door  was  deagned  for  use  in  mills,  but  it  has  worked  so  satisfactorily 
that  ft  fa  genetally  adopted  wherever  a  fire-proof  door  is  wanted  and  its  ap- 
pearance is  not  objectionable.  Fire-proof  shutters,  also,  are  made  in  this  way. 
The  National  Board  of  Fire  Underwriters  issues  complete  specifications  f  for 
this  type  of  door  and  shutter,  and  these  jyecifiratioos  shoidd  be  dosely  fol- 
lowed for  satisfactory  results.  Doors  of  this  type,  provided  for  the  openings 
in  interior  partition-walls,  are  often,  and  wherever  possible  should  be,  hung  on 
iocKned  tracks  so  that  they  wiU  close  automatically.  Where  it  is  deurable  to 
keep  them  open  most  of  the  time,  an  automatic  rdease  operated  by  a  fusible 
fink  is  provided.     (See,  also,  page  778.) 

Metal-Covered  Wooden  Doors  as  Fire-Doora.  Wooden  doors  covered 
by  the  Kalamein  or  other  process  (page  899)  are  sometimes  used  as  fire-doois 
where  appearance  is  a  consideration.    They  are  not  considered  equal,  however, 

to  the  STANDASO  TIN-COV£KED  WOODEN  DOORS. 

Steel  FIre-Deon  «ad  8h«ttenu  For  a  satisfactory  steel  fire-door 
«  VMa  sheet  of  steel  should  be  used,  and  it  should  be  remforoed  on  the  back 
with  a  frame  of  angle-ixon^  not  less  than  iH  by  1V6  by  H  in,  and  increasing  in 
abe  with  the  door  or  shatter,  lliese  doors  or  shutters  may  operate  in  one  of 
three  ways:  (i)  swing  on  hioges,  (2)  slide  oa  trades,  or  (3)  roll  vertically. 
The  swiNOiNO  DOORS  or  Gutters  are  the  most  reliable  as  there  are  no  com- 
plicated parts  to  get^out  of  order.  They  should  be  hung  on  eyes  built  into  the 
maaonry  walls.  SLiDtNO  doors  or  BHtmBRS  must  have  the  rails  on  which 
they  operate  protected  by  metal  shields  to  prevent  obstruction.  For  larger 
opcBtags  the  roluno  satjrEBRS  are  gerteraUy  preferred.  They  are  made  in 
horizontal  jointed  sectional  strips,  which  wind  up  on  a  roller  placed  in  a  pocket 
above  the  openiag,  the  eada  moving  in  metal  grooves  to  hold  them  in  place. 
They  geaeraily  <9erate  verticallv,  although  some  are  made  to  operate  hqri- 
zoiirrAU.Y,  the  rollers  beis^  set  vertically  in  pockets  at  the  aides  of  the  openings. 
TbeK  latter  are  more  apt  to  get  out  of  order.  The  verticaixv  operated  doors 
or  abutters  are  balaaoad  by  parings  or  weights  to  make  them  move  easily  up 
or  dowB.  Wheie  they  are  intended  to  be  closed  in  case  of  neoessity  only,  they 
are  slight^  weighed  aad  held  open  by  means  of  fusible  links,  so  tisat  in  case 
of  file  tfaey  will  dose  autcMnaticaly. 

8he«t-MetaI  for  Fire-Resisting  Window-Frames  and  Sashes.t  These 
are  now  made  weather-tight  and  perfectly  practicable  in  all  respects,  and  should 
be  used  wlmevcr  fize-resitting  windows  are  desired.  The  sashes  are  made 
especially  for  hotding  wice-glaaa.  These  saBET-iaTAi.  windows  are  made  in 
a  great  variety  of  forms  to  meet  all  purposes  and  the  sashes  may  be  stationary, 
phwted  cither  hariaontally  or  vecticatly,  hinged,  or  double-hung  with  weights, 
like  ofdiaacy  windo^vB.  For  factories,  warehouses,  stairways  and  elevator- 
shalts  a  atationaiy  lower  aad  a  pivoted  upper  sash  are  commonly  used,  as  this 
is  Che  cheapest  type  of  window.  The  double^ung  windows  are  now  made 
to  walk  as  unoMikf  as  wooden  sashea  in  ordinary  box  frames.    For  offices, 

*  Insurance  Engineering,  Dec.,  1902. 

t  To  be  had  for  the  asking. 

X  See,  alio,  HoUow  Bfclal  Wnidow-Frames  and  Sashes,  page  902. 
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hotels,  etc.,  a  window  having  two  sashes,  glazed  with  wire-glass,  and  dosiiis 
and  locking  automatically  in  case  of  fire,  and  a  third  inner  sash  crazed  with 
clear  glass,  has  all  of  the  advantages  of  an  ordinary  window  with  the  additional 
advantages  of  fire-protection  and  better  diffusion  of  light.  Metal  fly-screens, 
also,  can  be  used  with  these  windows.  All  movable  sashes,  glazed  with  wire- 
glass,  should  be  provided  with  a  device  by  which  the  sashes  will  doee  and 
lock  automatically  in  case  of  fire.  When  the  contents  of  a  building  are  in- 
flammable and  the  exposure  severe,  two  thicknesses  of  wire-glass  should  be 
used  with  a  ventilated  air-space  of  at  least  i  in  between  the  lights. 

10.  Extinguishing  Devices  and  Precautionary  Measures 

Water-Curtains.  "The  vulnerable  portion  of  buildings  generally  is  the 
front,  where  great  window-openings  are  desired  for  purposes  of  light,  and  where 
it  is  considered  objectionable  on  account  of  appearance  to  have  shutters  or 
even  wire-glass  windows.  These  large  window-openings  afford  great  oppor- 
tunities for  the  spread  of  fire  across  streets.  The  danger  of  damage  is  much 
increased  where  the  fronts,  as  is  very  common,  are  made  of  unprotected  metal - 
work.  A  notable  example,  illustrating  such  danger,  was  the  building  of  the 
Manhattan  Savings  Institution,  New  York  City,  which  was  severely  damaged 
and  almost  destroyed  by  a  fire  in  a  six-story  non-fire-proof  building  across  the 
street.  Such  conditions  might  be  overcome  to  some  extent  perhaps,  by  the 
introduction  of  some  system  such  as  the  water-curtains  that  were  placed  on 
the  Chicago  Public  Library.  This  is  practically  a  sprinkler-system  set  along 
the  edge  of  the  cornice  of  the  building,  and  so  arranged  as  to  furnish  a  thin 
sheet  of  water  in  front  of  the  building.  Such  a  sheet  will,  however,  not  eactend 
far  before  it  is  turned  into  spray  and  thus  becomes  practically  useless.  A  similar 
arrangement  placed  at  each  window-opening  might  be  more  useful,  though  it 
is  doubtful  whether  it  would  be  of  much  value  in  any  severe  conflagration."* 
The  rules  of  the  National  Board  of  Fire  Underwriters  for  open  sprinklers 
or  water-curtains  determine  the  size  of  piping,  feed-mains  and  the  genenJ 
arrangement  of  the  system. 

Precautionary  Measures  in  General.f  No  matter  how  thoroughly  a  build- 
ing is  fireproofed,  if  it  is  filled  with  combustible  goods,  as  a  warehouse,  store  or 
factory,  there  is  always  the  iwssibility  of  a  fire,  which,  it  unchecked  when  first 
started,  must  necessarily  entail  a  great  loss  and  more  or  less  damage  to  the 
building.  If  a  fire  is  discovered  and  checked  in  its  incipient  stage  this  loss  is 
avoided.  There  are  now  many  valuable  devices  for  detectino  and  checking 
fires,  which  should  be  installed  in  every  warehouse,  and  which  often  may  be 
placed  with  advantage  in  buildings  used  for  other  purposes.  The  more  important 
of  these  are:  automatic  alarms,  automatic  sprinklers  and  standpipes*  faosc- 
reels,  etc. 

Automatic  Alarms.  By  means  of  very  sensitive  thermostats,  a  rise  in 
temperature  of  35°  F.  above  the  normal  maximum  temperature  to  be  expected 
in  a  building  will  cause  an  alarm  to  be  sounded.  The  Montauk  Fire  Detecting 
Wire  Company,  New  York  City,  makes  a  fire-detecting  wire  or  cable  which 
can  be  used  in  dwellings  and  other  buildings  in  place  of  the  ordinary  beli-wire, 
and  which,  by  judicious  distribution  and  arrangement  in  elevator*shafts,  dumb- 
waiter shafts,  coal  and  wood-cellars,  closets,  storerooms  and  other  unoccupied 
rooms,  may  be  used  to  give  timely  warning  of  fire  originating  in  any  of  these 
places.    This  fire-detecting  wire  consists  of  two  conductors.    The  central 


*  Insurance  Engineering,  Doc.,  1903. 
t  See.  also,  Chapter  XXII,  page  768. 
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wire  or  core  which  forms  one  side  of  the  circuit  has  a  thick  coating  or  wall  of 
fusible  metal;  over  this  is  an  insulating  coating.  A  number  of  fine  wires  are 
wound  over  this  coating  to  form  a  second  conductor.  The  whole  is  then  covered 
with  suitable  insulation.  When  flame  or  a  dangerous  degree  of  heat  comes  into 
contact  with  this  wire  it  establishes  electrical  connection  between  the  two  con- 
ductors and  gives  a  signal  on  the  premises  equipped. 

The  Consolidated  Fire  Alarm  Company,  of  New  York  City,  controk  a  device 
for  giving  automatic  fxke-alarms,  whidi  consists  essentially  of  an  air-tight 
brass  tube,  of  about  H  m  internal  diameter,  inserted  every  lo  ft  along  a  main 
supply-pipe.  At  the  end  of  each  tube  is  attached  a  metal  cylinder  with  a  dia- 
phragm held  by  a  soldered  coiled  spring.  Under  the  unusual  heat  of  a  fire, 
the  fusible  plug  melts,  releases  the  spring  which  actuates  the  diaphragm  and 
sends  an  impulse  of  air  through  the  tube.  This  air-hanuner  operates  a  regular 
transmission-device  for  sending  an  electric  alarm  to  a  central  station  where 
the  cause  of  the  alarm  can  be  determined  by  the  nature  of  the  signal.  If  caused 
by  a  fire  the  signal  is  relayed  to  the  fire  headquarters.  At  the  same  time,  an 
annunciator,  usually  located  in  the  first  story  of  the  building,  indicates  the 
story  from  which  the  original  impulse  was  given.  The  soldered-spring  thermo- 
stats are  located  in  accordance  with  the  requirements  of  the  National  Board  of 
Fire  Underwriters.* 

The  American  District  Telegraph  Company  and  the  International  Electric 
Protection  Company  of  New  York  City  control  ^stems  which  utilize  the  prin- 
ciple of  the  EXPANSION  OF  AIR  UNDER  HEAT.  A  Small  oopper  tube  which  is 
sfamless  and  air-tight  is  installed  in  one  continuous  length  along  the  ceilings 
or  pipings.  At  the  end  of  its  tour  of  a  room  this  tube  terminates  in  a  box  con- 
taining a  sensitive  diaphragm.  When  the  temperature  of  a  room  reaches  a 
temperature  of  from  150*^  to  155^  F.,  at  an  undue  speed,  4^  or  5*^  per  minute, 
the  air  in  the  tube  expands  and  sets  up  a  pressure  on  the  diaphragm,  which 
closes  an  electric  circuit.  False-alarm  vents  are  provided  in  the  diaphragm  so 
that  a  slight  rise  in  temperature  brought  about  by  natural  causes  is  taken  care 
of  and  the  air  allowed  to  escape  without  sending  in  an  alarm. 

TTie  Electric  Fire  Alarm  S)rstem,  as  installed  and  controlled  by  the  Con- 
solidated Fire  Alarm  Company  of  New  York  City,  consists  of  two  continuous 
and  distinct  electric  circuits  with  soldered  oftled-spring  thermostats  distributed 
in  accordance  with  the  Underwriters'  requirements.  Should  contact  be  broken 
by  accident,  in  either  one  of  the  two  circuits,  the  transmitter  is  tripped  and 
sends  in  a  false  alarm  to  the  central  station,  thus  serving  as  a  trouble-signal 
to  the  operating  company  and  indicating  that  the  ^stem  is  out  of  order.  In 
the  case  of  fire,  both  fuses  go,  breaking  both  circuits,  and  thus  transmitting  the 
signal  for  a  real  fire  through  the  central  station  to  the  fire  department.  At 
the  same  time,  an  annunciator  in  the  station  picks  out  the  particular  story  of 
the  building  from  which  the  signal  was  sent. 

Automatic  Sprinklers.  "An  AuroicATtc  sprinkler  is  a  device  for  distribut- 
ing water  by  means  of  a  valve  which  is  arranged  to  open  under  the  action  of 
heat,  as  from  a  fire  which  it  is  intended  to  extinguish.  The  distribution  of 
water  which  results  from  properly  located  sprinklers  occurs  in  the  form  of  a 
rain  of  jets  or  drops,  and  is  sufficient  to  drench  almost  any  inflammable  stock 
beyond  the  point  of  ignition.  The  distribution  is  also  economical,  as  the  water 
is  more  evenly  appli^  than  from  a  nozzle  attached  to  a  fire-hose,  and  the  source 
is  directly  above  the  fire.  Whenever  combustible  merchandise  constitutes 
the  contents  of  a  building,  autoicatic  sprinklers  are  of  great  value,  and  in 
buildings  of  a  height  so  great  as  to  make  the  upper  stories  difficult  of  access, 

*  Siinaling  Systems  Recommended  by  the  National  Fire  Protection  Assodatioo,  191  z. 
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espedaUy  if  oontainiog  large  areas  and  very  combustible  contents,  sprinklers 
constitute  the  best  protection  obtainable."*  Spkink^r-systems  may  be 
divided  into  two  general  types:  (i)  The  wet-pipe  system,  or  automatic  spnnk- 
lers,  just  described;  (2)  the  dsy-pipe  system.  Where  the  water  cannot  be  kept 
from  freezing  in  the  ordinary  wet-pipe  system,  recourse  is  had  to  the  dxy-pipe 
system.  The  sprinkler-pipes  are  hlled  with  air  under  pressure,  which  is  auto- 
matically released  by  the  opening  of  a  heao-va&ve  under  heat.  This  release  of 
pressure  opens  the  dry  valve  in  the  main  supply-pipe,  allowing  water  to  flow 
through  the  sprinkler-pipes  and  the  open  heads.  The  wet-pipe  sprinkles- 
HEADS  are  of  two  types,  the  ix)w  test  or  soft-head  sprinkless  which  fuse  at 
from  1 55**  to  16s''  F.,  and  the  hard-head  sprimkleks  which  fuse  at  from  213'* 
to  300"*  F.  for  engine-rooms  and  boiler-rooms.  Sprinkler-heads  which  use  solder 
of  even  higher  melting-points  are  sometimes  used.  The  following  t3rpes  have 
been  approved  by  the  National  Board  of  Fire  Underwriters  and  have  various 
ratings:  the  Evans  Variable  Pressure  Model,  International  Sprinkler  Company 
of  New  York  City;  the  Grinnell  Type,  General  Fire  Extinguisher  Company  of 
Providence,  R.  I.;  and  the  Manufacturer's  T3rpe,  Automatic  Sprinkler  Com- 
pany of  America,  New  York  City.  "No  appliances  meeting  ail  the  require- 
ments desirable  for  this  service  have  as  yet  been  shown."  t 

Sprinkler  Supervisory  Devices.  These  devices  consist  of  apparatus  for 
"transmittino  signals  when  gate-valves  are  dosed  or  open;  when  water  in 
tanks  falls  below  or  is  restored  to  a  predetermined  level;  when  pressure  in 
air-tanks  falls  below  or  is  restored  to  a  predetermined  amount;  when  water 
in  tanks  falls  below  or  rises  above  predetermined  temperatures;  also  to  transmit 
water-flow  signals  and  to  withhold  signals  from  water-surges  or  variable  pres- 
sures." They  are  used  in  connection  with  central-station  signalling- 
systems  for  supervising  the  operation  and  maintenance  of  sprinkler-equip- 
ments. The  A.  D.  T.  devices,  manufactured  by  the  Automatic  Fire  Protection 
Company  of  New  York  City  and  Chicago,  III.,  are  approved  by  the  National 
Board  of  Fire  Underwriters.! 

Stand-Pipes  and  Hose-Reels.  In  office-buildings,  hotels,  and  apartment- 
houses,  where  sprinkler-systems  are  hardly  suitable,  stand-pipes  with  hose- 
reels  in  each  story  and  on  the  ro^f,  ready  for  instant  use,  constitute  the  best 
means  of  quickly  controlling  a  fire.  The  stand-pipe  should  be  from  2^  to  6  in 
in  diameter,  according  to  the  size  and  height  of  the  building,  and  should  be  con- 
nected with  the  water-supply  of  the  building  and  provided  with  Siamese  con- 
nections at  the  street-level  for  the  fire  department.  Check-valves  should  be 
provided,  so  that  when  the  fire-department  engines  are  attached,  their  force 
will  be  added  to  the  force  due  to  the  head  of  water  from  the  fire-tanks,  or  to  the 
fire-pumps  or  to  the  force  of  the  dty  water-system. 

•  J.  K.  Frcitag. 

t  List  of  Fire  Appliances,  National  Board  of  Fire  Uoderwritcrs. 
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CHAPTER  XXIV 

BEDIFOBCED-CONCEETrE  COKSTBUCTIOX  * 

By 

RUDOLPH  P.  MILLER. 

SDFEUNTENDENT   OF   BUILDINGS,    BOROUGH   OF   MANHATTAN,    NEW    YORK   CITY 

1*  Introductory  Notos 

DefloitioiL.  The  term  reinforced  concrete  is  defined  in  the  regulations  of 
the  New  YoA  City  Bureau  of  Buildings  as  "an  approved  concrete  mixture  re- 
xnforoed  by  steel  of  any  shape."  The  Philadelphia  law  has  the  same  definition, 
with  the  addition,  "so  that  the  steel  or  iron  will  take  up  all  the  tensional  stresses 
asid  assist  in  the  resistance  to  compression  and  shear." 

Historical  Notes.  The  great  value  of  concrete  as  a  structural  material  when 
subjected  to  compression  only  has  been  recognized  for  centuries.  The  use  of 
reinforced  concrete,  however,  as  a  practicable  and  commercial  form  of  construc- 
tion is  comparatively  recent.  It  is  true  that  as  far  back  as  1869,  Francois 
Coignet  of  Paris  took  out  letters  patent  on  a  combination  of  iron  and  concrete 
and  that  even  before  this,  in  1867,  the  principle  of  reinforcing  concrete  with  iron 
had  been  applied  by  P.  A.  J.  Monier,  a  gardener  of  Paris,  to  the  making  of  laige 
flower-pots;  still,  the  general  application  to  building-construction  did  not  occur 
till  about  the  middle  of  the  last  decade  of  the  nineteenth  century.  In  its  develop- 
ment it  was  first  applied  to  bridge-construction.  The  discussion  of  the  subject 
in  this  chapter  is  confined  to  its  use  in  the  construction  of  buildings.  The 
earliest  example  of  a  building  of  reinforced  concrete  in  this  cpuntry,  and  probably 
in  the  worU,  is  that  erected  in  187s  by  W.'E.  Ward,  near  Port  Chester,  N.  Y., 
in  which  "not  only  all  the  external  and  internal  walls,  cornices  and  towers  were 
constructed  of  concrete,  but  all  of  the  beams  and  roofs  were  exclusively  made  of 
concrete  reinforced  by  light  iron  beams  and  rods."  f 

The  Erection  of  Reinforced-Concrete  Work.  In  general  outline,  a  build- 
ing operation  in  reinforced  concrete  consists  in  the  usual  preparations  of  the  site 
by  excavation  or  otherwise,  the  provision  of  suitable  foundations  for  walls, 
columns  or  other  supports,  the  erection  of  a  series  of  wooden  molds  or  forms,  the 
placing  of  the 'necessary  steel  reinforcement,  the  pouring  of  the  concrete  and 
the  removal  of  the  forms  after  the  concrete  has  set  sufficiently  to  sustain  itself 
and  the  kMui  that  may  come  on  it  during  construction.  From  the  beginning 
of  the  erection  of  the  forms  the  successive  steps  are  progressive,  that  is,  the 
placing  of  the  steel  and  pouring  of  the  concrete  are  going  on  in  the  lower  sec- 
tions or  stories  while  the  forms  are  being  erected  for  the  upper  sections  or 
stories.  So  that  in  a  large  operation  the  carpenters,  the  steel-setters  and  the 
concreters  may  all  be  working  at  the  same  time,  one  set  slightly  in  advance  of 
the  others  without  mterference  one  with  the  others.  These  several  steps  in  the 
operation  are  considered  in  greater  detail  in  Chapter-Subdivision  7,  page  96a, 
Erection  of  Reinforced-Concrete  Construction. 

*  For  Concrete  in  general  and  Mass-Concrete,  see  Chapter  III,  pages  440  to  251;  for 
Strength  of  CoDciete  without  Reinforcement,  Chapter  V,  pages  383  to  287;  and  for 
Reinforced-Concrete  Factoiy-CoQstniction,  Chapter  XXV.  See,  also,  Chapter  XXIU, 
pages  817  and  844. 

t  For  a  further  and  more  extended  histocy  the  reader  is  referred  to  the  laxger  treatises 
on  this  subject  and  to  Edwin  Thacher's  article  in  F^iginecring  News,  March  26,  1903. 


yGoogk 


912  Reinforced-Concrete  Construction  Chap.  24 

2,  Materials  Used  in  Reinforced-Concrete  Construction 

The  Materials  used  in  reinforced  concrete  are  concrete  and  steel.  The 
concrete  forms  the  mass  of  the  construction.  Its  proper  use  b  to  resist  com- 
pression. While  it  has  some  tensQe  strength  the  amount  is  so  smaU  and  so 
variable  that  it  should  always  be  neglected.  Steel  is  used  for  the  rdnfordng 
material  as  it  furnishes  the  greatest  amount  of  strength  at  the  least  expense. 
Wrought  iron  could  be  iised,  but  it  is  practically  imobtainable  under  present 
conditions,  and,  as  already  intimated,  its  use  is  not  economical. 

Concrete.  The  concrete  consists  of  a  mixture  of  cement  and  some  aggre- 
gate, in  definite  proportions,  with  the  necessary  water  to  cause  the  setting  of  the 
cement. 

Cement.  Portland  cement  should  always  be  used  in  reinforced  concrete, 
and  it  should  always  be  tested  before  being  used.  Even  in  small  jobs  it  is  im- 
portant to  know  that  the  cement  is  strong  and  sound.  In  purchasing  the  cement, 
the  certificate  of  some  reliable  testing-laboratory  should  be  made  one  of  the 
conditions  of  acceptance.  Under  all  circumstances,  it  is  always  best  to  have 
the  testing  done  at  some  well-established  and  properly  equipped  cement-testing 
laboratory.  The  results  of  tests  in  temporary  laboratories  are  often  abnormal 
and  may  lead  to  unnecessary  controversies  with  the  manufacturers.  To  be 
acceptable,  a  cement  should  meet  the  following  requirements  as  called  for  in 
the  standard  specifications  of  the  .\merican  Society  for  Testing  Materials.* 

Specific  Gravity.  The  specific  gravity  of  the  cement,  thoroughly  dried  at 
ioo°  C,  shall  be  not  less  than  3.10. 

Fineness.  It  shall  leave  by  weight  a  residue  of  not  more  than  8%  on  a  No. 
100,  and  not  more  than  25%  on  a  No.  200  sieve.f 

Time  op  Setting.  It  shall  develop  initial  set  in  not  less  than  30  minutes,  but 
must  develop  hard  set  in  not  less  than  x  hour,  nor  more  than  10  hours. 

Tensile  Strength.  The  minimiun  requirements  for  tensile  strength  for 
briquettes  i  in  square  section  shall  be  as  follows,  and  shall  show  no  retrogression 
in  strength  within  the  periods  specified: 

Neat  cement 

24  hours  in  moist  air 175  lb  per  sq  in 

7  days  (1  day  in  moist  air,  6  days  in  water) 500  lb  per  sq  in 

28  days  (i  day  in  moist  air,  27  days  in  water) 600  lb  per  sq  in 

One  part  cement,  three  parts  standard  Ottawa  sand 

7  days  (x  day  in  moist  air,  6  days  in  water) 200  lb  per  sq  in 

28  days  (x  day  in  moist  air,  27  days  in  water) 275  lb  per  sq  in 

*  For  the  complete  standard  qwdfication,  reconunended  August  x6,  1909,  see  the 
Year  Books  of  the  Am.  Soc.  for  Test.  Mats.  Copies  may  be  had  on  request  bom.  the 
Asso.  of  Am.  Portland  Cement  Manfrs.,  Philadelphia,  Pa. 

See,  also,  the  Report  of  the  Joint  Conference  on  Uniform  Methods  of  Tests  and  Stand- 
ard Specifications  for  Cement,  April  38,  19x5,  by  committees  of  the  Am.  Soc.  C.  £.,  Am. 
Soc.  for  Test.  Mat.,  and  the  U.  S.  Government,  in  which  report  changes  are  recommended 
in  Standard  Specifications. 

See,  also,  Chapter  III,  page  337.  The  principal  clauses  of  the  original  spedficatioDS 
are  repeated  here,  with  additional  notes  of  the  associated  editor,  for  the  convenience  of 
the  reader. 

t  The  Lackawanna  Railroad  Company  is  now  demanding  that  Portland  cement  used 
in  its  structures  shall  pass  78%  instead  of  75%  through  a  300-mesb  sieve,  and,  fuxther- 
more,  that  the  cement  shall  remain  sound  after  being  subjected  to  boiling  under  a  so* 
atmosphere  pressure.    This  is  called  the  aittoclavb  test. 
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Constancy  of  Volume.  Pats  of  neat  cement  about  3  in  in  diameter,  yi  in 
thick  at  the  center,  and  t^)ering  to  a  thin  edge,  shall  be  kept  in  mobt  air  for  a 
period  of  24  hours. 

(i)  A  pat  is  then  kept  in  air  at  normal  temperature  and  observed  at  intervals 
for  at  least  28  days. 

(2)  Another  pat  is  kept  in  water,  maintained  as  near  70**  F.  as  practicable, 
and  observed  at  intervals  for  at  least  28  days. 

(3)  A  third  pat  is  exposed  in  any  convenient  way  in  an  atmosphere  of  steam, 
above  boiling  water,  in  a  loosely  dosed  vessel  for  5  hours. 

These  pats,  to  satisfactorily  pass  the  requirements,  shall  remain  firm  and 
hard  and  show  no  signs  of  distortion,  checking,  cracking  or  disintegrating.* 

Sulphuric  Acm  and  Magnesia.  The  cement  shall  not  contain  more  than 
r-75%  of  anhydrous  sulphuric  acid  (SQi)  nor  more  than  4%  of  magnesia  (MgO). 
The  test  for  constancy  of  voluIce  or  soundness  is  of  particular  importance 
for  leinforced-concrete  work.  When  used  in  large  masses  an  occasional  batch 
of  concrete  made  with  imsoimd  cement  may  not  seriously  afifect  the  final  result, 
but  in  reinforced-concrete  building  operations,  where  the  different  members  of 
the  structures  are  comparatively  small,  the  safety  of  the  entire  building  may 
be  jeopardized  by  the  use  of  a  small  amount  of  unsound  cement  in  some  impor- 
tant part,  such  as  a  colimm. 

Aggregate.f  By  the  term  aggbeoatb  is  understood  the  materials,  including 
the  sand,  mixeid  with  the  cement  to  make  the  concrete.  In  practically  all  cases, 
the  sand  is  a  neoessaiy  element 

Sand.  "  The  sand  should  be  dean.  One  may  obtain  some  idea  of  its  deanH- 
ness  by  placing  it  in  the  palm  of  (me  hand  and  rubbing  it  with  the  fingers  of  the 
other.  If  the  sand  is  dirty,  it  will  discolor  the  pakn.  If  the  use  of  dirty  sand 
is  unavoidable,  its  effect  upon  the  strength  of  the  mortar  should  be  investigated. 
Preference  should  be  given  to  sand  containing  a  mixture  of  coarse  and  fine 
grains.  Extremdy  fine  sand  can  be  used  alone,  but  it  makes  a  weaker  mortar 
than  either  ooaise  sand  alone  or  a  mixture  of  coarse  and  fine  sand. "  t  Mortars 
oomposed  of  one  port  Portland  cement  and  three  parts  fine  aggregate  or  sand, 
by  weight,  should  show  a  tensile  strength  of  at  least  70%  of  the  strength  of 
I  :  3  mortar  of  the  same  consistency  and  of  the  same  cement  mixed  with 
standard  Ottawa  sand.  The  New  York  Regulations  specify  that  fine  aggregate 
shall  consist  of  sand,  crushed  stone  or  gravel  screenings,  passing  when  dry,  a 
screen  having  H-in-diameter  holes,  and  passbg  not  more  than  6%  through  a 
sieve  having  100  meshes  per  linear  inch.  The  Chicago  regulations  specify  that 
not  less  than  45%  shall  be  retained  on  a  screen  of  400  meshes  to  the  square 
inch.    (See,  also,  page  241.) 

Coana  Aggregate.  For  the  coabser  katerial  of  the  aogkeoatb  many 
materiab  are  used  and  many  others  have  been  suggested.  Its  selection  b  gen- 
erally dqxndent  upon  local  conditions.  If  possible,  gravel  or  crushed  stone 
should  be  used.  Whatever  is  used  should  be  a  clean,  hard  substance  that  will 
secure  to  the  concrete  the  neoessaiy  strength;  that  is,  the  crushing  strength 
of  thb  material  should  be  equal  to  or  greater  than  that  of  the  morUr  used,  at 
least  at  the  age  of  28  days.  In  any  case,  where  no  reliable  information  is  to  be 
had  on  the  strength  of  a  concrete  made  from  a  given  aggregate,  careful  investi- 
gation should  be  made  before  such  material  u  used.    (See,  also,  page  241.) 

*  See  preceding  foot-note  relating  to  Fineness,  page  912. 

t  See,  abo.  Chapter  III,  pages  240  to  351.  The  data  there  on  Aggregates,  Propor- 
tioning Materials,  etc.,  relate  more  particularly  to  mass-concrete,  while  the  data  of 
Chapter  XXIV  is  intended  to  cover,  more  in  detail,  reinforced  concrete. 

X  Treatise  00  ConcreU,  Plain  and  Reinforced,  Taylor  and  Thompson. 
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GrmTcl.  Gkavel,  like  sand,  should  be  clean.  If  dirty  it  should  be  waslied 
before  being  used.  To  get  tiie  most  satisfactoiy  or  uniform  results,  si^vd 
should  be  screened  and  graded  and  then  mixed  in  definite  proportions,  as  the 
KDN  Of  TBE  BANK  will  general^  not  give  untform  insults.    (See,  also,  page  24K.) 

Stone.  The  most  satisfactoiy  stone  that  can  be  used  is  trap-rock  {under 
wMch  term  are  included  most  of  the  rocks  of  igneous  origin),  because  pf  its 
toughness  and  great  compressive  strength.  The  granites,  as  they  are  oom- 
merdally  known,  are  considered  by  some  equal  in  quality  to  trap-rock  Cor  the 
making  of  concrete.  The  presence  of  mica  in  considerable  proportion  in  some 
of  the  so-called  granites  would  seem  to  make  them  imsuitable.  Limestoves, 
if  the  soft  varieties  are  excepted,  make  excellent  concrete  as  far  as  strength  is 
concerned.  They  would,  however,  seem  to  affect  the  fire-proof  diaractcr  of 
the  concrete.  (See  Tables  on  page  957.)  .The  harder  and  more  compact 
SANDSTOKES,  also,  may  be  used  successfully,  but  great  care  must  be  exercised 
in  their  selection.  CoNGLOiorRATE,  which  is  in  reality  a  hard,  coarse  sandstone 
should  give  very  satisfactoiy  results.  On  acco\m^t  of  thdr  low  crushing  strength, 
SLATE  or  SHAiE  should  not  be  used  in  concrete.  Besides  the  stones  thus  far 
mentioned,  broken  brick,  terra-cotta,  purnace-clinker  and  furnace-slao 
have  been  suggested.  In  the  selection  of  broken  brick  or  terra-cotta,  care  must 
be  taken  to  get  hard-burned  material.  The  crushing  strength  of  such  material, 
when  well  selected,  is  a  little  mope  than  that  of  acceptable  concrete,  iS  days 
old.  But  ordinarily,  commercial  bride  or  terra-cotta  will  not  meet  the  require- 
ments for  a  good  aggregate,  and  these  materials  shoald  he  used  only  as  a  last 
resort  Jiod  tben  only  alter  careful  iavectigation.    (See,  adso,  page  241.) 

Ciaders.  FornacE'CUNKEKS  ghould  be  dean  and  entirely  free  from  com- 
bustible matter.  Cinders  are  ofeea  used  where  (keproofing  is  the  primary 
consideration,  and  no  doubt  good  constructions  may  be  obtained,  with  extreme 
care,  by  the  use  of  clinker  or  dnder  concrete,  especially  if  the  material  is  ground, 
screened  and  graded  as  suggested  for  gravel.  But  in  general  practice  the  con- 
crete is  not  imiform  in  qnaiity  and  is  unr^aMe  in  strength.  It  Is  tfien^ore  not 
considered  in  this  chapter,  in  Chapter  XXII I,  Firepioofing  of  Bvildings,  its 
use  is  discussed  on  page  818.    (See,  also,  page  34a.) 

Size  of  Aggregate.  The  size  of  tke  aggregate  may  vary  from  H  to  2H 
in  in  largest  diametrical  dimension,  depending  on  the  particular  purpose  for 
which  it  is  to  be  used.  Where  the  mass  of  concrete  is  comparatively  laijge  the 
aggregate  may  run  as  high  as  a  H  in  in  size.  This  may  sometimes  be  the  case 
in  foundations  and  in  large  piers  and  thick  walls.  In  columns,  girders,  beams 
and  ^bs,  very  unsatisfactory  results  would  be  obtained  if  so  large  a  stone  were 
used.  For  such  work  no  stone  or  other  aggregate  should  be  used  laiger  than 
would  pass  a  i^in  screen.  In  important  girders  and  columns,  especially  when 
the  peinfordng-bafs  are  dosely  spaced,  the  size  Aoidd  be  made  even  smaller  so 
that  a  concrete  of  viscous  consistency  is  produced  "  w4nch  will  pass  readily  be- 
tween and  easily  snrroimd  the  reinforoement  and  fill  aH  parts  of  the  forms."* 

The  iCAxncuu  sizes  allowed  for  tfce  aggregate  in  reinforced  concrete  m  tfie  ^- 
ferent  dties  ore  as  fdllows:  St.  Louis  and  Buffalo,  stone  that  wiH  i>ass  a  ^-tn  ring, 
that  is,  "three-quarter-indi  stone";  New  Vork,  Cleveland  and  Philad^phia» 
stone  that  wtt  pass  a  i-in  ring;  Chicago,  stone  passing  •i4n'«quare  meA;  San 
Frandsoo,  for  floors  and  fireproofing,  t-in  stone,  for  foundations,  a4n  stone. 
(See,  also,  page  241.) 

Wntnc  ^'Itie  water  used  in  mixing  concrete  ^uMild  be  free  from  oil,  add, 
alkaKes,  or  organic  matter."* 

*  Progress  Rflpoft,  Pnoc.  Am.  See  C.  E.,  Feb.,  1913,  pages  157  and^ziS. 
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PioportioiiB  of  tbe  Materials.  The  proper  moporiiom  of  ihs  matebiau 
entcriM  mto  the  ooncRte  is  dependent  upon  the  sixe  and  character  of  the  mate- 
rials. In  dties  in  which  there  are  regulations  gfo^tnaog  reinf  arved*axicrete  con- 
struction, the  mixture  to  be  used  is  generally  specified.  In  the  absence  of  other 
considerations  the  most  satisfactory  and  reliable  mixture  is,  oooe  part  of  Portland 
cement,  two  parts  of  sand  and  four  parts  of  stone  or  graveL  It  is  the  mixture 
that  has  been  used  in  most  of  the  experimental  work  on  reinforced  concrete, 
and  there  is  therefore  much  trustworthy  information  to  be  had  oonceming  it. 
In  the  case  of  large  or  important  operations,  however,  great  economy  can  often 
be  effected  by  a  pnetininaiy  ftiidy  of  the  materials  to  be  used  and  of  their 
proper  proportions.  In  general,  lor  given  materials,  the  most  economical  mix- 
ture is  also  the  strongest.  The  old  method  of  determining  the  proportions  of 
concrete  by  measuring  the  voids  in  the  coarser  particles  by  means  of  water 
poured  into  a  box  containing  i  cu  ft  of  the  material  and  then  providing  that 
quantity  of  finer  material,  assuming  the  cement  the  same  as  sand,  is  not  to  be 
recommended.  It  does  not  give  accurate  or  satisfactory  results.  A  better 
method  is  to  take  the  materials  to  be  used  and  make  trial-mixtures  by  varying 
the  proportions,  always  using,  however,  the  same  amount  of  cement  and  water. 
These  trial-mixtures  are  placed  successively  in  a  measuring  vessel  of  fixed  size 
and  tamped,  and  the  height  to  which  the  vessel  is  filled  for  each  mixture  is 
noted.  The  proportions  that  give  the  lowest  height,  or  result  in  the  smallest 
volume,  will  give  the  most  satisfactoiy  concrete.  (Soe,  also,  page  142  and  fol> 
lowing  pages.) 

The  best  and  most  scientific  method,  however,  is  that  known  as  the  mechan- 
ical ANALYSIS,  devised  by  W.  B.  Fuller.  In  this  method  the  available  materials, 
including  the  cefflent,  are  separated  into  the  various  sizes  by  means  of  a  series 
of  sieves;  curves  are  plotted  which  indicate  the  percentages  of  the  whole  mass, 
which  pass  the  several  sieves;  and  from  a  study  of  these  curves  the  proportions 
of  the  different  aggregates  are  determined.  For  a  detailed  description  of  this 
method  the  reader  is  referred  to  the  chapter  on  Proportioning  Concrete  in  the 
191 1  edition  of  the  Treatise  on  Concrete,  Plain  and  Reinforced,  by  Taylor  and 
Tliompson.  As  an  example  of  the  saving  possible;  the  following  case,  given  in 
the  work  just  referred  to,  will  be  of  interest: 

"The  ordinary  mixture  for  water-tight  concrete  is  about  x  :  aVi  :  aH,  which  re- 
quires 1.57  barrels  of  cement  per  cubic  yard  of  concrete.  By  carefully  grading 
the  materials  by  methods  of  mechanical  analysis  the  writer  has  obtained  water- 
tight work  with  a  mixture  of  about  1:3:7,  thus  using  only  i.ot  barrels  of  cement 
pet  cnbtc  yard  of  concrete.  This  saving  of  0.36  barrel  is  equivalent,  with  Port- 
land cement  at  $1 .60  per  barrel,  to  $o.8g  per  cu  yd  of  concrete.  The  added  cost 
of  labor  for  proportioning  and  mixing  the  concrete,  because  of  the  use  of  five 
sradea  of  aggregate  instead  of  two,  was  about  $0.15  per  cu  yd,  thus  effecting  a 
net  saving  of  $0.74  per  cu  yd.  On  a  piece  of  work  involving,  say,  20  000  cu  yd 
of  concrete,  sttch  a  saving  would  amount  to  $14  800,  an  amount  well  worth 
considerable  study  and  effort  on  the  part  of  those  in  responsible  chaise. " 

In  the  ordinances  or  regulations  governing  reinforced  concrete  of  various 
dtks  the  proportions  to  be  used  are  generally  prescribed.  In  New  York,  "  the 
concrete  for  reinforced-concrete  structures  shall  consist  of  a  wet  mixture  of  one 
part  ol  cement  to  not  more  than  six  parts  of  aggregate,  fine  and  coarse,  either  in 
the  proportiomi  of  one  part  of  cement,  two  parts  of  sand  and  four  parts  of  stone 
or  gravel,  or  in  such  proportion  that  the  resistance  of  the  concrete  to  crushing 
ahaU  not  be  less  than  3  400  lb  per  sq  in  after  hardening  for  28  days. "  In  Chicago, 
vaiioos  gradtt  of  concrete  are  specified  with  the  ultimate  compressive  resistance, 

*  Progress  Report,  Proc  Am.  See.  C.  £.,  Feb.,  X91J,  pages  137  and  138. 
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to  be  developed,  from  a  mixture  of  i :  i :  a  and  an  ultimate  strength  of  a  900  lb 
per  sq  in,  to  a  1 : 3  : 7  mixture  with  a  strength  of  i  500  lb  per  sq  in.  In  Boston 
and  San  Frandsco  the  proportion  is  given  as  one  of  cement  to  six  of  aggregate. 
In  Buffalo  a  i :  2  : 5  mixture  is  required. 

Compressive  Strength  of  Reinforced  Concrete.  For  reinforced-coocrete 
work  no  mixture  should  be  used  that  does  not  develop  a  compressive  stsekcth 
of  at  least  2  000  lb  per  sq  in  at  the  age  of  38  days.  The  crushing  strength  of 
various  concretes  is  shown  in  the  following  table: 

Table  L    Compressive  Strength  of  Portland-Cement  Concrete  of 
Different  Froportio&s 


Proportions 

Age. 

months 

Com- 
pressive 
strength 

pcrsq 
in 

Authority 

Cement 

Sand 

Stone 

I 

3 

3 

4 

5 

6^ 

7 

2 

I 

5 
6 

2 
2 

2 
2 
2 
2 
2 
2 

3 

0 
0 
0 
0 
0 
0 
0 
4 
6 
8 
10 

12 

2 
3 
4 
5 
6 
7 
8 
4 

5 
S 

4370 

2506 

I  8x2 

830 

S32 

169 

1X8 

2x78 

X8XS 

1X3S 

707 

738 

1768 

X911 

2147 

2452 

2124 

1650 

129s 

2399 

3  2SS 
2042 

1 

1 

James  B.  Howard.  Testa,  Watertown 
Arsenal 

G.  A.  Kimball.  Testa  of  Metals,  V.  S.  A. 

Taylor  and  Thompson.  Testa,  Water- 
town  Arsenal 
iWatertown   Arsenal.   Testa  of    Metals., 
1       U.S.  A.                                                1 

Working  Stresses  for  Reinforced  Concrete.  Some  formulas  for  the 
strength  of  reinforced-concrete  construction  provide  for  the  use  of  the  ultqcats 
STRENGTH  of  thc  concrete  and  the  application  of  a  factor  or  safety.  This 
practice  is  not  to  be  recommended  as  it  necessitates  either  the  test  of  the  con- 
crete or  the  assumption  of  an  ultimate  strength.  While  it  is  undoubtedly  de- 
sirable that  thc  concrete  should  be  tested,  this  is  generally  impracticable  when 
the  building  is  being  designed.  It  should  be  done  during  construction  and  is 
done  on  the  best  work,  to  make  sure  that  the  concrete  is  up  to  the  require- 
ments. Various  factors  of  safety  from  two  and  one-half  to  ten  hav^  been  pro- 
posed. Different  factors  of  safety  are  used  for  different  members  of  a  structure 
or  for  different  conditions.  This  is  another  reason  why  it  would  be  better  to  use 
WORKING  stresses  than  ultimate  stresses.  The  following  working  stresses 
are  recommended  for  reinforced  concrete  that  will  develop  a  CRySHiNG  stsengiq 
of  2  000  lb  per  sq  in  in  28  days: 
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Extreme  fiber-stress  in  compression 650  lb  per  sq  in 

Shearing-stress 40  lb  per  sq  in 

Shearing-stress  when  all  tension  at  right-angles  to  the 

shearing-plane  is  taken  up  by  the  steel 120  lb  per  sq  in 

Direct  compression 450  lb  per  sq  in 

Table  II  gives  the  stresses  allowed  by  various  building  ordinances. 

Steel  Reinforcement.  The  function  of  the  steel  reinforcement  is  to  take  up 
the  longitudinal  and  diagonal  tensile  stresses  and  in  some  cases,  as  in  columns 
and  in  beams  reinforced  at  the  top,  to  give  additional  compressive  strength. 

Mild  or  ffigh  SteeL    Two  grades  of  steel  are  used  for  the  leinlorcement, 

MILD  STEEL  and  HIGH-CARBON  STEEL.      MiLD  Or  MEDIUM  STEEL  is  USed  for  all 

structural  shapes  and  is  the  ordinary  merchant-steel.  It  has  an  ultimate 
tensile  strength  of  from  60  000  to  70  000  lb  per  sq  in,  and  its  elastic  limit  is  about 
one-half  the  ultimate  strength.  High-<:arbon  steel  has  a  greater  percentage 
of  cart>on  and  is  therefore  more  brittle.  Its  ultimate  strength  is  about  105  000 
and  its  elastic  limit  about  55  000  lb  per  sq  in.  The  use  of  high-carbon  steel 
would  permit  greater  stresses  in  the  reinforcement,  and  consequently  a  less 
amount  of  steel  and  a  greater  economy  in  construction.  On  account  of  its  greater 
brittlcness,  however,  it  is  liable  to  sudden  failures  imder  stress.  It  is  also  often 
found  to  be  cracked  or  broken  when  sent  to  the  work,  and  unless  it  is  very  care- 
fully inspected  there  is  great  liability  of  defective  material  getting  into  the 
structure.  Furthermore,  much  of  the  so-called  high-carbon  steel  has  been 
found  in  practice,  after  testing,  to  fall  far  short  of  the  specifications.  Its  use  is 
therefore  to  be  avoided,  unless  special  care  is  taken  to  secure  an  absolutely  re- 
liable article  and  to  have  it  inspected  and  tested.  For  large,  important  work 
this  would  be  desirable.  Ordinarily,  however,  mild  steel  should  be  used,  as  com- 
mercially it  is  manufactured  and  sold  under  such  standard  conditions  that  it  is 
reliable.  As  the  modidus  of  elasticity  of  high-carbon  steel  is  practically  the  same 
as  that  of  medium  steel,  the  deformation  under  any  given  loading  is  the  same 
and  there  is  no  special  advantage  in  the  use  of  one  over  the  other.  Steel  filling 
the  requirements  of  the  specifications  adopted  by  the  American  Railway  Engi- 
neering and  Maintenance  of  Way  Association  is  recommended  by  the  Commit- 
tee of  the  American  Society  of  Civil  Engineers.  This  specification  calls  for  a 
desired  ultimate  tensile  strength  of  60  000  lb  per  sq  in  and  should  not  vary 
more  than  5  ooq  lb  per  sq  in  from  the  desired  ultimate  strength.  For  slab  and 
small  beam-reinforcement  where  wire  or  small  rods  are  suitable,  steel  manu- 
factured from  Bessemer  billets  may  be  used  with  a  tensile  strength  of  105  000, 
and  a  yield-point  of  not  less  than  52  500  lb  per  sq  in. 

Working  Stresses  for  Steel.  The  generally  accepted  working  stress  for 
medium  steel  is  16  000  lb  per  sq  in  in  tension.  Tests  have  shown  that  in  cases 
where  the  failure  of  reinforced-concrete  beams  is  due  to  the  failure  of  the  rein- 
forcement, the  stress  in  the  metal  had  not  more  than  reached  the  yield-point. 
This  point  fa  somewhat  lower  than  the  elastic  limit.  The  working  stress  in. 
the  steel,  therefore,  should  be  a  fixed  proportion  of  the  yield-point  or  the  elastic 
limit.  It  U  held  by  some  that  this  ratio  should  not  be  as  high  as  one  to  two, 
but  more  nearly  one  to  three,  reducing  the  working  stress  in  mild  steel  as  given 
above  to  10  000  or  la  000  lb  per  sq  in.  In  using  high-carbon  steel  they  would 
advocate  a  similar  ratio  of  the  elastic  limit,  whatever  that  may  be,  according  to 
test.  Ordinarily  20  000  lb  per  sq  in  is  taken  as  the  working  stress  for  high-car- 
bon sted.  Allowable  working  stresses  in  steel  reinforcement  in  various  dties 
are  given  in  Table  11,  page  918. 
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Table  DL    Spedficatioiifl  for  Rdiifoccinc  Steel 
The  steel  shall  be  rolled  torn  neW  billets  to  meet  the  following  Manulactuxen' 
Standard  Spedacations: 


Properties  considered 

AH  steel  except 
alternate  for  de- 
formed bars 

Alternative  specifications  for 
deformed  bars  only 

Structural 
grade 

Hard 
grade 

ICanufacttire 

Open  hearth 

0.06. 
1        60000 
I  to  70000 

«o%T.S. 
1        1 400000 

{  Open  hearth  or 
I       Bessemer 

O.IO 

SS  000 
to  65000 

33000 

I  250000 

Open  hearth  or 
Bessemer 

O.IO 

80000 
(minimum) 

50000 
I  000  000 

Phosphorus,  maximum. . 
Ultimate  tenstletstrength. 

Yield-point,  minimum 
pounds  per  square  inch 

Elongation,  minimum 
percent  in  8  in 

Cold  bending-tests.  with- 
out fracture 

i  tensile  strength 

r  i8o*»,  to  a  diam 
equal  to  the 
thickness  of 

L    piece  tested 

tensile  strength 

Bars  under  ^  in, 

i8o«.  <i-i  /; 

H  in  and  over, 

i8o»,  (f =2  t 

tensile  strength 

Bars  under  ^  in, 

i8o».  <f  *4  t; 

H  in  and  over. 

90°.rf-4< 

Tension-Members.  Reinforcement  is  used  in  a  variety  of  shapes  and  com- 
binations, nearly  all  of  them  patented  and  some  of  them  forming  the  basis  for 
so-called  systems.  Where  the  reinforcement  is  employed  to  take  up  tension, 
as  in  a  beam  or  girder,  the  bond  between  the  concrete  and  the  steel  is  relied  upon 
to  develop  the  tensional  stuessbs  in  the  steel.  The  plain  bars  depend  entirely 
upon  the  adhesion  of  the  steel  and  the  concrete  for  the  action  of  the  two  mate- 
rials in  combination,  or  the  full  tensile  strength  of  the  rod  is  developed  by  anchor- 
ing the  rods  into  the  concrete  at  the  ends,  in  which  case  the  beam  becomes  more 
analogous  to  a  trussed  beam  with  the  rod  as  the  tension-member.  In  cross- 
section,  plain  bars  are  usually  round  or  square,  though  sometimes  flat  bars, 
angles,  tees,  or  other  shapes  are  used.  In  regard  to  the  use  of  square  bars  and 
some  other  shapes,  it  is  contended  that  the  edges  start  initial  cracks  in  the  con- 
crete as  it  shrinks  in  settii^.  Twisted  flat  bars,  when  placed  too  near  the  sur- 
face of  the  concrete,  cause  a  spalling  or  breaking  out  of  the  concrete  from  between 
the  convolutions,  when  the  steel  is  under  stress. 

Deformed  Bsrs.  With  the  defobmed  bars  the  adhesion  of  the  concrete  to 
the  steel  is  supplemented  by  a  mechanical  bond  due  to  the  shape  of  the  bar. 
The  following  deformed       ,  ^_^    ...  

The   Rensome  Bsr.      V-^>*--^ — J^'-^-.:s^^--^^^^-<^^^*w 
The    Ransome   Twisted  Fig.  1.    The  Ransom  Twisted  Bar 

Bars  (fig.  I)  are  made 

of  square  bars,  twisted  cold.  The  work  on  the  bars  in  the  twisting  process  in- 
creases the  clastic  limit  and  the  tensile  strength;  but  the  amount  of  the  increase 
is  not  fixed,  as  variations  in  the  grade  of  rolled  steel  may  result,  after  twisting, 
in  still  wider  variations.  The  users  of  this  bar  generally  assume  a  working 
stress  of  70  000  lb  per  sq  in.  The  patent  on  this  bar  has  expired  and  it  may  now 
be  used  by  anyone.    Strictly  speaking,  this  is  not  a  deformed  bar.    These  bars 
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can  be  obtained  in  all  sizes,  varying  by  H  in  from  H  to  xH  in.    Larger  sizes, 
also,  can  be  obtained  on  special  order. 
The  Spiral  Steel  Bar.    The  Buffalo  Sted  Company  of  Tonawanda,  N.  Y.» 

makes  a  loimd  bar  with 
longitudinal  spiial  projec- 
tions, thus  eliminating  the 
sharp  corners  (Fig.  2). 
Fig.  2.    The  Spiral  Steel  Bar  ^^  *s  made  in  sizes  of  from 

H  to  iH-in  diameter  and 
the  cross-sectional  areas  are  equal  to  the  areas  of  equivalent  squares.     The 
bars  are  rolled  from  old  railroad  rails  and  twisted  hot.    They  are  made  of  high* 
carbon  steel  with   an   elastic 
limit  of  from  65  coo  to  80  000 
lb  per  sq  in. 

Comigftted  Bars.  Cor- 
rugated bars  (Fig.  3),  both 
square  and  round  in  cross- 
section,  arc  made  by  the  Cor- 
rugated Bar  Company  of  New 
York  City  and  Buffalo.  N.  Y., 
of  both  medium  and  high- 
elastic-limit  steel  with  a  yicW- 
point  of  about  50  000  lb  per 
sq  in.     Corr-Bars  are  furnished 

either  straight  and  cut  to  length,  or  bent  ready  for  the  forms, 
sizes  arc  as  follows: 


Fig.  3.    CoTTUgated  Bars.    Round  and  Square 
The  standard 


Corrugated  Rottkds 


Sise  in  inches 

H    j    M 

9i«   !    H 

H 

H 

X 

iH 

iH 

Net  area  in  square 
inches 

Weight   per   foot   in 
pounds 

0  11  '  0  19 

0  38  .  0  66 

0  25    030 

0  86  '  I. OS 

! 

0.44 
i.sa 

0.60 
a. 06 

078 
2.60 

0.99 

1  22 

4.21 

1     -r^" 

Corrugated  Squares 

Size  in  inches 

M 

H 

H 

H 

H 

H 

X 

i^i 

1 

Net  area  in  square 
inches    

0.06 
0.93 

0.14 
0.49 

o.as 
086 

0.39 
I  35 

0.S6 
194 

0.76 
a.64 

1.00 
3-43 

i.a6 
4.34 

I  SS 
515 

Weight  per  foot  in 
pounds  ........... 

The  Havermeyer  Bar.  The  Havermeyer  Bar  (Fig.  4),  oontiolled  by  the 
Concrete  Steel  Company,  Youngstown,  Ohio,  consists  of  square  and  round  bars 
rolled  with  a  series  of  gradual  projections  on  all  sides,  the  deformations  betnR 
so  designed  that  there  is  a  constant  cross-sectional  area.  They  are  furnished  in 
the  following  sizes  and  weights: 
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Sqttarebars 

Round  bars 

Siie  in  inches 

I 
1 

Area  in  square 
inches 

Weight  per 
foot  in  pounds 

Area  in  square 
inches 

Weight  per 
Coot  in  pounds 

H 
H 
H 
H 
H 
M 
I 

iH 
iH 
xH 

0.0625 
0.1406 
0.2500 
0.3906 
0.5625 
0.7656 
x.oooo 

1.2656 
1  5625 
X.8906 
2.2500 

0.2X2 

0.478 
0.850 
1.328 
1. 913 
2.603 
3-400 
4.303 
5.31a 
6.428 
7.650 

0.0491 
0.XX04 
0.1963 
0.3068 
0.4418 
0.6013 
0.7854 
0.9940 
1.2272 

0.X67 
0.375 
0.667 
1.043 
1.502 
a.044 
2.670 
3.379 
4.173 

1             xH 

1 

A  vaxiatioci  of  5%  under  and  2^%  over  the  above  weights  is  required  for  rolling. 


Fig.  5.    The  Diamond  Bar 


Itg.  4.    The  Havermeyer  Bar,  Square  and  Round 

The  Diamond  Bar.    The  Diamond  Bar  (Fig.  5),  put  on  the  market  by  the 
Concrete  Steel  Engineering  Company,  New  York  City,  is  claimed  as  the  only 

deformed    bar    of  

absolutely  uniform 
sectioa.  There  is 
consequently  no 
waste  of  metal  due 
to  the  deforma- 
tions, as  there  is  in 
other   bars.     This 

bar  is  practically  a  round  bar,  and  as  sudden  transitions  from  one  section  to 
another  arc  avoided,  all  tendency  to  cause  initial  .cracks  in  the  concrete  is  over- 
come.   The   weights   and 
areas  of  Diamond  bars  are 
equal  to   those    of   plain 
square  bars  of  like  denom- 
inations.   Bars  from  \i  to 
iM  in  m  diameter  may  be 
obtained  from  the  Concrete 
Steel    Engineering    Com- 
pany, of  New  York  City. 
The  Sib-Bar.    The  Rib-Bar  (Fig.  6)  manufactured  by  the  Trussed  Concrete 
Sted  Cbmpany  of  Detroit,  Mich.,  is  a  rolled  section  with  a  series  of  cross-ribs. 


Fig.  6.    The  Rib-bar 


y  Google 


922 


Rdnforced-Concrete  Construction 


Chap.  24 


It  is  of  rectangular  section  and  famished  in  sizes  of  from  Vi  to  xH  in,  the  areas 
of  the  cross-sections  being  eqi^ivalent  to  squares  of  equal  denominations;  but 
the  weights  are  slightly  greater,  and  are  as  follows: 


Weight  per 

•   Sice  in  inches 

Area  in  square 

linear  Coot  in 

inches 

pounds 

H 

0.062s 

0.213 

H 

0.X406 

0.48 

H 

o.asoo 

0.86 

H 

0.3906 

1  35 

H 

o.sfias 

r  9S 

H 

0.V656 

26s 

I 

I. 0000 

346 

iH 

I.a6s6 

4.38 

iH 

1.562s 

5. 41 

The  Ovoid  Bar.    The  Gabriel  Concrete  Reinforcement  Company  of  Detroit, 
Mich.,  furnishes  the  Ovoid  Bar  (Fig.  7),  in  sizes  and  areas  as  follows: 


Size  in  inches 

H 

0.1406 
0.494 

0.2s 
0.873 

H 

H 

»M« 

li 

»M6 

I 

iH 

1 

Area  in  square 

inches 

Weight  in 
pounds 

0.3906 
1.356 

0.5625 
1.947 

0.6602 

2.283 

0.7656 
a.643 

0.8789 

3031 

1. 00 

3.446 

t  2656 
4-354 

I  5625' 

5  37 

Fig.  7.    The  Ovoid  Bar 

Wire  Mesh  and  Expanded  Metal.  Other  types  of  tension-reinforcement, 
such  as  WIRE-MESH  FABRIC  and  EXPANDED  METAL  in  various  forms  have  been 
discussed  in  Chapter  XXIII,  Fircproofing  of  Buildings.  Wire  fabric  has  come 
into  very  general  use  as  a  slab-reinforcement,  as  it  resists  temperature-cracks 
and  the  cracking  of  the  concrete  from  impact  or  shock.  It  is  made  in  various 
gauges  with  heavy  longitudinal  or  carrying  wires  and  lighter  transverse,  dis- 
tributing or  tie-wires.  Expanded  metal  is  similar  to  wire  mesh  in  providing 
reinforcement  in  both  directions,  rigidly  spaced  and  attached  or  fastened  to- 
gether. This  additional  advantage  is  claimed  for  it;  it  provides  reinforcement 
in  all  directions,  thus  taking  care  of  concentrated  loads. 

Anchoring.  Different  methods  have  been  used  for  anchoring  the  tension- 
bars  in  reinforced  concrete.  In  the  Heonebique  system  of  construction  (Fig,  8) 
where  plain  bars  are  used,  the  ends  of  the  rods  are  split  and  flared  out.  In  oth.T 
constructions  the  ends  of  the  bars  are  simply  turned  at  right-angles  in  such 
direction  as  is  most  suitable.  In  some  instances  nuts  and  washers  have  bem 
placed  at  the  ends  of  rein  forcing-rods.  Where  reinforced-concrete  floors  are 
used  in  connection  with  steel  columns  the  rods  are  run  through  the  web-plates 
or  through  aoglo-brackets  and  seciured  with  nuts. 
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AdbApipa.  The  streagtbs  of  tU«  9om>  l>9tw?9ii  coqgr^te  oad  ste^l  for  various 
forms  of  bars  and  [differing  conditions  are  shown  in  Table  IV.  After  the  bond 
has  failed,  the  reinforcement  still  acts  in  conjunction  with  the  concrete,  due  to 
a  movieg  or  pbjchqnal  resistance.  Numerous  tests  have  shown  Xbis  fric* 
tiooal  resistance  to  be  about  two-thirds  of  the  initial  bond-strength.  The 
BOND-STHENGTH  for  Ordinary  round  or  square-section  bars  may  be  taken  at  200 


Fig.  8.    The  Hennebique  System 

to  300  lb  per  sq  in,  depending  upon  the  character  of  the  concrete  and  the  degree 
of  roughness  of  the  steel.  Mechanical  «oni)  depends  upon  the  shape  of  the 
bar  and  the  compressive  and  shearing  strength  of  the  concrete. 

Shear-Members.  In  many  of  the  tests  on  full-sized  concrete  beams,  failure 
occurs  by  the  development  of  diagonal  breaks  near  the  supports.  The  first 
diagonal  crack  in  a  beam,  with  nothing  but  horizontal  tension-steel  at  the 
bottom,  is  apt  to  occur  when  the  maximum  vertical  shear  is  from  100  to  200  lb 
per  sq  in.  Since  the  vertical  shear  is  accompanied  by  a  horizontal  shear  of 
equal  intepsity  in  all  parts  of  the  beam,  it  was  formerly  thought  that  this  diag- 
onal failure  was  due  to  these  shearing-forces  at  the  end  of  the  beam  and  vertical 
stirrups  or  bent-up  rods  were  provided  to  resist  the  horizontal  shear.  More 
recent  tests  have  shown  that  the  shearing  strength  of  concrete  is  from  60  to 
80%  of  the  compressive  strength,  and  that  these  cracks  are  diagonal  and  in  the 
direction  which  could  be  expected  from  the  theory  op  diagonal  tension, 
which  attributes  them  to  a  combination  of  the  shearing-stress  with  the  hori- 
zontal tensile  stress.  The  inclined  cracks  which  first  appear  are  due  to  a  rupture 
of  the  concrete  in  tension.  The  niiost  effective  way  to  prevent  this  rupture  is 
to  provide  reinforcement  in  the  direction  of  the  stress  that  is  inclined  upwards 
toward  the  supports,  as  nearly  as  possible  qormal  to  the  line  of  the  diagonal 
crack.  Vertical  reinforcement  could  be  used,  but  it  would 'not  act  until  def- 
ormation or  downward  displacement  of  the  concrete  occurred  on  the  side  of  the 
crack  away  from  the  support.  If  vertical  stirrups  are  used  for  this  reinforce- 
ment, they  must  be  spaced  a  less  distance  ap^rt  than  the  effective  depth  of  the 
beam,  and  they  must  be  looped  around,  though  not  necessarily  attached  to,  the 
horizontal  bars.  When  inclined  reinforcement  is  used,  it  must  be  rigidly  at- 
tached to  the  longitudinal  members  and  spaced  a  less  distance  apart  than  the 
effective  depth  of  the  beam.  The  reason  for  this  is  that  the  magnitude  and  in- 
clination of  the  diagonal  tension  increases  from  the  middle  toward  the  end  of  the 
beam,  being  inclined  45°  where  the  horizontal  tension  becomes  zero. 
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Tkble  ZV.    RMoltB  of  Tests  on  Adhesioii  Between  Concrete  end  Steel 


Kind  of  bar 

Sise 

tested  in 

fraction  of 

inch 

Cx>ncrete 

Age 

Ultimate  strength 
devdoped  in  lb 
per  sq  in  of  sur- 
face in  contact 

Round  

H 
H 

H 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 

1:2:4 
1:3:6 

60  days 
30  days 
30  days 
90  days 
90  days 

30  days 
3xdays 
asdays 

7moB. 
7mo«. 
7mos. 
7mos. 
7mo8. 
7mo8. 
7nu». 
7mos. 
7mos. 
7mos. 

31  days 
30  days 

4W  ic) 
274(6) 
437  (c) 

Square 

Sqtiare  (rusted) 

Square  (rtisted) 

Square 

642  (c) 

431(c) 
294(e) 
648  (rf) 
900  (c) 
i29a(e) 
I  3x8  (e) 

Square 

Twisted  (Ransome). 
Twisted 

1:2:4 

Twisted 

Neat  cement 

x:x 

1:2 

1:3 

1:4 
Neat  cement 

I>.X 

1:2 

1:3 

1:4 

1:2:4 

Twisted 

Twisted 

1 199  (e) 
701  (e) 

Twisted 

Twisted 

796(e) 
962(e) 

9n(t) 

934(e) 
735  (e) 

(Corrugated 

Corrugated 

Corrugated ,  r . .  r 

Corrugated 

Corrugated 

564  (e)             ' 

(Corrugated 

640  (<f) 
646(c) 

Thatcher 

The  following  are  the  authorities  for  the  above  tests: 
(a)  A.  N.  Talbot. 
ib)  C.  M.  SpoflFord. 

ic)  New  York  City  Rapid  Transit  Company. 
(d)  T.  L.  Ckmdron. 
(c)  Testa  of  Metals,  Watertown  Arsenal.  1904. 

The  Kalm  Bar.    In  the  Kahn  Trussed  Bar  (Fig.  9)  the  attachment  of  the 
stirrups  to  the  tension-member  is  positively  secured.    The  bars  are  square  in 


Fig.  9.    The  Kahn  Bar 

cross-section  with  webs  rolled  on  them  at  two  diagonally  opposite  edges.  Th^ 
stirrups  are  formed  by  shearing  these  webs  through  a  part  of  their  length  and 
tummg  up  parts,  as  shown  m  the  cut.  These  stirrups  may  be  placed  so  as  to 
turn  up  in  pairs  or  so  as  to  alternate  on  opposite  sides  of  the  bar,  making  the 
spacing  of  the  stirrups  closer  than  when  turned  up  in  pairs.  Another  advantage 
incidental  to  the  use  of  this  bar  is  that  the  greater  effective  cross-section  in  the 
steel  is  at  the  middle,  the  point  of  greatest  bending  moment  with  the  usual 
loading.  Two  disadvantages,  however,  are  the  separation  of  the  concrete  by 
the  wings  above  and  below  the  bar,  and  the  limitation  as  to  the  effective  stirrup- 
length  in  deep  beams.  This  bar  is  controlled  by  the  Trussed  Concrete  StoeJ 
Company  of  Detroit,  Mich.  j 
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Materials  Used  in  Reinforced-Concrete  Construction 
The  Kahn  Trussed  Bar  can  be  obtained  in  the  following  sizes: 


925 


Size,  inches 

Weight  per  lineal 
foot,  pounds 

Area,  square 
inches 

Length  of  diag- 
onals, inches 

MXiW 
NX2M6 

1WX294 
2    X3H 

1.4 
2.7 
4.8 
6.8 
10.  a 

0.41 
0.79 
1  41 
2.00 
3.00 

fr-8-I2 

12-  8-18 
24-X8-30-36 
24-X8-30-36 
30-24-3^-48 

Fig.  10.    The  Xpantnis  Bar 


The  XiMUitrua  Bar.  This  bar  (Fig.  10)  possesses  the  advantages  of  rigidly- 
attached  shear-members,  both  at  the  top  and  at  the  bottom  of  beam,  providing 
for  continuous  remforcement  with 
negative  moments  over  the  sup- 
ports. The  main  tension-member, 
the  shear-member  and  the  top 
rdnfordng-steel  form  one  integral 
bar,  without  welds  or  mechanical 
attachments  holding  them  to- 
gether, the  connecting  tics  being 
formed  from  the  web  of  the  rolled  shape.  The  original  section  is  retained 
in  full  at  the  middle  of  the  beam.  By  slotting  the  thin  webs  and  after- 
wards expanding  the  section,  the  middle  web  is  transformed  into  a  shear- 
member,  and  the  top  flange-bar  becomes  the  top  reinforcement.  In  order 
to  provide  for  the  negative  bending  moment  the  end  of  the  top  bar  is  bent  into 
a  hook,  and  a  link-and-wedge  connection  is  made  with  the  corresponding  bar  in 
the  adjoining  beam.  This  bar  has  been  developed  into  a  complete  reinfordng- 
system,  covering  all  conditions  encountered  in  beam  and  girder-work.  The  re- 
inforcement is  fabricated  complete  in  the  shop  and  is  shipped  to  the  job 
properly  tagged,  assembled  and  ready  to  drop  into  place.  Seven  sections  of  bar 
are  ofifered  by  the  manufacturer.  Ajiy  cross-section  can  be  obtained  by  merely 
combining  several  sizes.  Complete  tables  in  hand-book  form  are  offered  by  the 
manufacturer  for  use  with  this  system. 

Steel  in  Compression*  The  steel  reinforcement  in  reinforced  concrete  is 
used  in  certain  cases  to  assist  in  developing  compressive  strength  when  the 
concrete  is  not  sufficient  for  the  purpose,  as  in  the  case  of  beams  and  girders  with 
rods  placed  above  the  neutral  axis,  and  columns  with  rods  placed  vertically. 
The  use  of  the  steel  reinforcement  in  resisting  compression  will  be  treated  more 
at  length  in  Subdivision  3  of  this  chapter  in  the  paragraph  Compression  Rods 
in  Beams  and  Girders,  page  944.  On  account  of  the  uncertainty,  however,  of 
the  steel  and  concrete  each  receiving  its  proportionate  share  of  the  load,  the  use 
of  sted  m  compression  shotild  be  avoided  as  much  as  possible. 

The  Position  of  the  Reinforcement.  The  importance  of  the  exact  posi- 
tion 07  THE  REINFORCEMENT  in  the  concTcte  will  become  more  apparent  in  the 
discussion  of  the  design  of  beams.  A  slight  displacement  of  the  steel  will  ma- 
terially affect  the  strength.  If  the  steel  shifts  upward  the  beam  is  weakened,  if 
it  shifts  downward  the  protection  of  the  steel  against  rust  or  fire  is  reduced.  In 
the  so-called  unit  systems  the  remforcements,  including  the  tension-rods  and 
stirrups,  are  so  tied  and  framed  together  that  after  being  placed  in  the  forms 
the  possibility  of  shifting  their  positions  with  respect  to  the  other  surfaces  of 
the  beam  or  to  one  another  is  practically  entirely  removed. 
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The  Unit  System.  The  particular  advantages  in  the  use  of  a  unit  ststcic 
of  reinforcement  is,  a^  akeady  indicated,  the  assurance  that  each  and  every  part 
of  the  reinforcement  is  in  its  exact  relative  position,  and  maintains  that  position 
during  the  placing  of  the  concrete.  The  reinforcement  for  each  beam  or  girder 
b  as  carefully  laid  out  as  the  location  of  cover-plates,  stiffeners,  connection-angles 
and  rivets  in  a  built-up  steel  girder.  It  can  consequently  be  thoroughly  in- 
spected and  checked  before  being  placed  in  position.  Being  marked,  its  exact 
location  b  easily  determined  by  the  foreman  on  the  job,  from  the  erection - 
plan.  After  it  is  put  in  place  a  quick  inspection  will  show  at  once  whether  it  is 
correctly  placed  or  not,  as  it  must  fit  and  extend  the  full  length  of  the  mold. 
Being  fabricated  off  the  job  there  b  less  interference  between  workmen.  The 
fabrication  can  proceed  while  the  molds  are  being  made,  and  consequently 
greater  speed  m  erection  is  possible.  The  frames  are  readily  transported  and 
less  liable  td  get  mixed  than  loose  rods  dcnt  to  the  job. 


Fig.  11.    The  Unit  System 

The  Unit  System  (Fig.  11)  is  the  pioneer  of  this  type  of  construction  and  at 
present  is  manufactured  by  the  American  System  of  Reinforcing,  Chicago, 
111.  Its  particular  features  are  the  bending  up  of  some  of  the  longitudinal  rein- 
forcements near  the  supports  and  the  use  of  round  U-shapcd  stirrups,  wound 
around  the  bars  while  hot  and  allowed  to  shrink  into  place. 


Fig.  12.    The  Pin^onnected  Girder-frame 

The  Pin-Connected  Girder-Frame  (Fig.  12)  b  manufactured  by  the  General 
Fireproofing  Company,  Youngstown,  Ohio.  In  this  frame  some  of  the  rein- 
forcements are  bent  up  near  the  supports,  and  these  reinforcements  in  adjoining 
girders  are  fastened  together  by  means  of  links  and  pins  forming  ties  over  the 
supports  and  making  the  whole  reinforcement  practically  continuous. 

The  Cummings  System  (Fig.  13)  b  manufactured  by  the  Electric  Welding 
Company,  Pittsburgh,  Pa.    The  particuhir  feature  of  this  system  b  the  hiverted 
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U-duped  stimips  which  are  shipped  flat  with  the  langitttdmal  ranforcetncnt, 
but  are  bent  up  to  an  inclined  position  on  the  work.  The  lods  are  held  together 
by  means  of  a  patented  chair. 


la  pMiUon  m  «m4 


Am  fnniflfattd  and  shipped 
Fig.  13.    The  Cummfaigs  System 


The  Lnten  Tmss.  The  Luten  Truss  (Fig.  14)  consists  of  longitudinal  rods 
with  alternate  members  bent  diagonally  upwards  across  the  beam  and  con- 
tinuing along  the  upper  surface  to  the  end  of  the  frame.  Diagonal  members 
are  provided  throu^  all  the  region  of  diagonal  shear  in  both  ends  of  the  beam. 


Fig.  li.   The  Latin  Thus 

This  frame  b  provided  with  a  damp  and  wedge  that  locks  the  members  together. 
It  is  controlled  by  the  National  Concrete  Company,  Indianapolis,  Ind. 

The  Corr-Bar  Units.    The  Corr-Bar  Unit,  Fig.  15,  made  by  the  Corrugated 
Bar  Company,  St.  Louis^  Mo.,  is  provided  with  a  continuous  stirrup  of  both 


Fig.  16.    The  Coo^bsf  IToit 

vertical  and  inclined  web-members  with  a  rigid  anchorage  at  both  top.  and  bot- 
tom. In  tests  by  Professor  Talbot  on  this  type  of  remforced  beam,  considerably 
higher  values  were  obtained  in  vertical  shear. 


S.  Design  of  Reinforced^Concrete  Constniction 

Gbden,  Beams  and  Slabs.  Different  formulas  for  the  design  of  reinforced 
concrete  girders,  beams»  sbibs,  etc.,  based  on  various  theoretical  considerations, 
have  been  devised  by  different  investigators.  The  formulas  here  given  have 
been  widely  accepted  and  are  offered  because  they  are  simple  in  form  and  give 
satisCadJOiy  results.  If  anything,  they  err  on  the  side  of  safety;  and  further- 
more, they  have  been  found  to  give  results  closely  in  accord  with  actual  tests. 
They  have  been  adopted  by  the  Prussian  Minister  of  Public  Works,*  are  used 
by  the  New  York  City  Buikiing  Bureau,  and  are  accepted  by  other  authorities. 

Atsnmirtlont  in  the  fbrmnln.  The  formulas  are  based  on  the  following 
assumpdoos: 


'  See  RcgalsCkMis  of  1907. 
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(i)  The  BOND  between  the  concrete  and  steel  is  sufficient  to  make  the  two 
materials  act  together. 

(2)  A  PLANE  CROSS-SECTION  of  a  beam  before  bending  remains  a  plane  section 
after  bending,  and  the  stress  and  strain*  in  any  fiber  of  either  material  are 
directly  proportional  to  the  distance  of  that  fiber  from  the  neutral  axis  of  the 
cross-section. 

(3)  The  MODULUS  OF  ELASTICITY  of  the  concrete  in  compression  remains  con- 
stant within  the  assumed  working  stresses. 

(4)  The  TENSiONAL  STRESS  is  taken  entirely  by  the  steel;  that  is»  the  tensile 
strength  of  the  concrete  is  not  considered. 

Fig.  16  represents  a  longitudipal  section  and  a  cross-section  of  a  reinforced- 
concrete  beam  in  a  state  of  flenzre  or  bending  under  a  kiad.    The  fibers  above 
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Fig.  16.    Sections  of  Reinforced-conoete  Beam 


the  NEUTRAL  SURFACE  of  the  beam  or  above  the  neutral  axis  of  the  t 
tion  are  in  compression  and  according  to  the  assumptions  the  stresses  vaiy  in 
direct  proportion  to  their  distances  from  the  neutral  surface  or  axis,  so  that  the 
total  area  of  compression  in  the  concrete,  representing  the  total  coiCPRESsrvE 
STRESS,  may  be  graphically  indicated  by  the  shaded  triangle.  The  total  ten- 
SIONAL  STRESS  may  be  assimied  to  be  concentrated  at  the  center  of  gravity  of  the 
cross-section  of  the  steel  reinforcement.  One  of  the  conditions  of  static  equi- 
librium for  the  beam  is  that  the  algebraic  sum  of  all  the  horizontal  stresses  in 
the  cross-section  shall  be  zero;  that  is,  that  the  sum  of  all  the  compressive 
stresses,  or  the  resultant  compressive  stress  in  the  concrete,  must  equal  the  total 
or  resultant  tensional  stress  in  the  steel. 

Formulas  for  Reinforced-Concrete  Beams.  From  these  assumptions, 
based  upon  theoretic  and  experimental  laws,  the  following  formulas  are 
derived,  in  which 

S't "  the  allowable  unit  tension  or  working  stress  in  the  steel  in  pounds  per 

square  inch; 
Se  "  the  allowable  unit  compression  or  working-stress  in  the  extreme  fibers 
of  the  concrete; 
f  a  the  ratio  of  the  modulus  of  elasticity  of  the  steel  to  the  nKxlnlus  of 

elasticity  of  the  concrete; 
d  »  the  effective  depth  of  the  beam,  in  inches,  that  is  the  distance  from  the 
center  of  gravity  of  the  steel  reinforcement  to  the  extreme  fibers  in 
compression ; 
X  «>  the  ratio  of  the  depth  of  the  neutral  azb  from  the  extreme  fibers  in 
compression,  to  the  effective  depth  of  the  beam,  so  that 
xd^tht  distance  of  the  neutral  axis,  in  inches,  from  the  extreme  fibers  in 
compression; 
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6  -  the  width  of  t^  beam; 

^  -•  the  ratio  of  the  cross-aectioD  of  the  sted  to  the  cFoss-aection  of  the 
beam,  amsideiing  the  beam  all  of  that  pait  of  the  oonaete  above 
the  center  of  gravity  of  the  steel; 
if  «  the  marimum  bendmg  moment  at  the  dangerous  section  of  the  beam; 
Mr  •*  the  moment  of  resistance  at  the  dangerous  section  of  the  beam,  and 
must  of  course  be  equal  to  or  potentially  greater  than  the  maximum 
bending  moment;* 
J?  -  a  factor  used  for  simplification  of  the  formulas.    This  factor  is  con- 
stant for  any  given  steel  and  oonciete; 
A9  -  sectional  area  of  the  sted: 
For  beams  of  rectangular  cross-section 

M-J/r-JTMi  (x) 

tlie  vahie  of  K  being  determined  by  the  formula 

'■iiyFi])(-:FD)    '" 

which  formula  can  be  deduced  from  the  laws  or  ixsxure  of  beams  and  the 
assumptions  noted  above. 

In  the  use  of  this  formula  for  the  value  of  K  it  must  be  remembered  that  the 
ratio  of  St  to  5c  for  any  given  ratio  of  sted  to  concrete,  ^,  is  a  constant,  so  that 
correaponding  values  of  St  and  Se  must  be  used.  This  ratio,  p,  often  spoken  of 
as  the  PERCENTAGE  OF  KEiNTORCEifENT,  is  the  esprcssiou  in  the  first  parenthesis 
of  the  second  member  of  Formula  (2) 

P — prr7 TV  (3) 

21 


m^n) 


The  vahie  of  « is  derived  bom  the  ezpresaioa 

(4) 


'-A\^p-^) 


Vahies  for  JC  and  x  for  corresponding  values  of  p,  for  different  conditions 
fixed  by  the  building  authorities  of  different  dties»  are  given  in  Tables  V»  VI, 
VHandVin. 

*  The  "moment  of  resistance"  or  the  "resisting  moment''  referred  to  any  cross-gection 
of  a  beam  in  a  horizontal  position  and  in  a  state  of  flexure  under  a  load  or  loads  is  the 
algebraic  sum  of  the  moments  of  the  internal  horizontal  stresses  with  rderence  to  a  point 
an  that  section;  and  the  "bending  moment"  for  that  section  is  the  algebraic  sum  of  the 
moments  of  all  the  external  vertical  forces  on  dther  side  of  the  section  (the  forces  on  the 
left  side  being  usually  taken).  The  resisting  moments  increase  with  the  bending  moments 
and  in  the  flexure  formula.  M  -■  SI/c  (see  Chapters  IX  and  X),  they  are  made  equal  to 
each  other,  M  being  the  bending  moment  and  SI/c  the  resisting  moment.  In  the  follow- 
ing  formulas  M  and  the  expression  "bending  moment"  generally  denote  the  maximum 
bending  moment,    if m*  is  often  used  to  denote  the  latter. 
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TftUe  V.    Valaw  for  Formnlas  for  UmimpfiA  OomnUm 
r  "  u 


p 

X 

K 

•S. 

s, 

K 

s. 

s, 

K 

5, 

s, 

0.0045 

0.879 

65.4 

5X6 

x6ooo 

O.OOfiO 

o.a9i 

... 

72.2 

550 

•• 

0.005s 

0.303 

69^3 

507 

14  000 

79  2 

S8o 

•* 

0.0053 

0.3x0 

no 

5;iS 

" 

83.4 

60Q 

a* 

0.0060 

0.314 

75. 2 

S35 

" 

86.0 

0X2 

*• 

0.0065 

0325 

81.2 

S6o 

" 

92.8 

640 

" 

0.0070 

0.334 

74.7 

503 

12  000 

87.2 

587 

*• 

96.5 

650 

15510 

0.0075 

0.344 

795 

523 

** 

930 

610 

(« 

99.0 

" 

X49OO 

Q.ooBo 

0.353 

84.7 

544 

•1 

«».8 

63s 

•* 

X01.2 

" 

14  3SO 

0.0085 

0.361 

89.9 

565 

** 

X03.3 

650 

13800 

103.3 

" 

;3  8oo 

0.0090 

0.369 

94.7 

584 

•• 

105. 1 

" 

13350 

105. 1 

M 

13150 

0.009s 

0.377 

99.6 

60s 

" 

107.0 

** 

X2900 

107.0 

"   . 

ia9oo 

q.oxoo 

0.384 

XQ4.S 

62s 

*• 

108.8 

•* 

lasoo 

108.8 

" 

12  500 

o.oios 

o.39» 

109-5 

«43 

1' 

XI0.9 

y 

12  130 

XX0.9 

«« 

12x30 

O.OIIO 

0.399 

1X2. 4 

«50 

II  790 

II2.4 

f« 

11790 

1X24 

" 

II  790 

o.oxxs 

0.405 

114. 0 

" 

II  450 

1140 

" 

1x450 

XX4.0 

" 

II  450 

9.01^ 

0.41a 

IIS.7 

•* 

XX  160 

XIS.7 

*• 

IX  x6o 

XXS.7 

•* 

II 160 

0.0125 

0.418 

117. 2 

*' 

10900 

117. 2 

" 

10900 

117. a 

*• 

xo86o 

0.0I3Q 

0424 

II8.2 

" 

10600 

118. 2 

" 

10600 

II8.2 

•• 

X06Q0 

0.0135 

0.430 

119.8 

•1 

10350 

119.8 

•« 

10350 

XI9.8 

«* 

10350 

0.0140 

0.436 

Ml.  2 

*' 

10x20 

xai.a 

•* 

roioo 

xai.a 

•• 

10  100 

O.OX4S 

0.441 

132.2 

•• 

9890 

122.2 

" 

9870 

122.2 

«« 

9«7o 

0.0150 

0.446 

123.2 

" 

9660 

123.2 

M 

9660 

laj.a 

♦• 

9tto 

o.oiss 

0.453 

124.8 

" 

9460 

124.8 

M 

9460 

m.« 

M 

9460 

0.0160 

0  457 

ia6.o 

" 

9270 

126.0 

•* 

9270 

126.0 

" 

9270 

0.0165 

0.463 

127.0 

" 

9100 

127.0 

•* 

9100 

127.0 

" 

9  100 

0.0170 

0.467 

X28.0 

" 

8930 

128.0 

" 

8930 

1   128.0 

" 

«930 

0.0175 

0.471 

129. 1 

" 

8  740 

129.1 

" 

8740 

129.  X 

•  • 

8740 

0.0180 

0.475 

130.1 

" 

8580 

X30.I 

" 

8580 

X30.X 

" 

8s«o 

0.0185 

0.480 

131  0 

" 

8440 

131  0 

" 

8440 

X3I.0 

*• 

8440 

0.0190 

0.485 

132.1 

" 

8300 

132. 1 

I* 

6300 

132. 1 

II 

8300 

0.0195 

0.489 

133.0 

" 

.   8  150 

133.0 

;; 

8150 

133- 0 

•• 

8  150 

Q.oaoo 
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8010 
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8010 
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8  oic 
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TIM*  VL    ValttM  fbr  Fomolu  for  iUiafoRM  CMcrM* 


p 

X 

K 

s. 

St 

■ 
K 

s. 

s. 

K 

s. 

5, 

o.ootfs 

0.tx7 

SX.o 

S06 

23  000 

O.OQ30 

0.335 

55. 3 

SIX 

20  000 

60.8 

562 

•• 

0.0035 

0.7$1 

St.7 

SQ3 

18  000 

64.2 

558 

" 

70.6 

614 

" 

0.0040 

o.iM 

,657 

542 

*• 

72.9 

602 

" 

78.7 

650 

31  6X0 

O.0O4S 

0.279 

1f3.5 

5«i 

" 

81.6 
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" 

82.3 

•* 

so  150 

0.0050 

o.i9i 

81.3 

6iS 

" 

85.4 

650 

189x0 

854 

" 

18  910 

o.ooJS 

0.303 

»S 

6S0 

17900 

88.5 

** 

17900 

88.5 

" 

17900 

o.obfti 

0.314 

91  5 

" 

17  000 

91  3 

*• 

X7OOO 

iJt.S 

" 

X7  000 

o.(fd«5 

0.32s 

94.2 

<• 

16350 

94.2 

•• 

X6  3SO 

94  2 

•• 

16350 

o.oetd 

0.334 

«6.S 

•1 

ts  510 

96.5 

*• 

XSSIO 

96s 

" 

15  510 

o.<wt« 

0.344 

990 

*• 

14900 

99.0 

" 

14900 

99.'t> 

** 

14900 

o.ootd 

0.3S3 

loi.a 

** 

14  350 

101.3 

*' 

14350 

XOX.2 

" 

14  350 

0.0685 

0.361 

i<«.3 

•• 

13800 

103.3 

'* 

13800 

XOS.3 

It 

13800 

o.<to9d 

0.369 

X05.1 

*• 

1332s 

105.1 

•* 

13325 

los.i 

" 

13325 

0.0095 

0.377 

107.0 

" 

12900 

107.0 

" 

12900 

107.0 

" 

12900 

o.otod 

0.384 

108.8 

*• 

12480 

XO8.8 

•* 

12480 

X06.8 

<• 

12480 

O.OI^ 

0.393 

ito.9 

•' 

12x30 

110.9 

" 

X2  130 

110.9 

" 

13X30 

o.oiW 

0.399 

xia.4 

«* 

1x790 

112.4 

•• 

117^ 

113.4 

** 

XI  790 

0.0115 

0.405 

1139 

" 

114S0 

1139 

** 

11450 

113.9 

'* 

11  450 

o.oiio 

0.41a 

115. 6 

«• 

IXI60 

115.6 

•• 

1I160 

XXS.6 

*• 

XI  x6o 

o.<ni5 

0.4x8 

117.2 

•• 

10900 

117.2 

•• 

10900 

XX7.3 

•• 

10900 

0.0130 

0.424 

tl8.4 

" 

10  600 

118. 4 

" 

10600 

1X8.4 

" 

lo  600 

0.0135 

0.43b 

120.0 

*• 

10350 

lao.o 

" 

10  350 

lao.o 

*• 

10  350 

0.0140 

0.436 

xai.a 

" 

lo  loo 

131.2 

*• 

lolbo 

I3X.2 

" 

10  100 

o.ous 

0.44X 

iM.a 

" 

9870 

133.2 

*• 

9870 

132.2 

<< 

9870 

O.OISD 

0.446 

xa3.2 

«« 

9660 

133-2 

•• 

9660 

l?3.3 

" 

9660 

0.0155 

o.4Si 

X14.8 

" 

9460 

134.8 

•• 

9460 

124.8 

" 

9460 

o.oifc 

0.4S7 

126.0 

" 

9^0 

136.0 

•* 

9  4VO 

ia6.o 

" 

9270 

0.016s 

0.462 

1*7.0 

<• 

9x00 

137.0 

" 

9100 

127.0 

" 

9100 

6.0x70 

0.467 

]«.0 

" 

8930 

136.0 

•* 

8930 

138.0 

** 

8930 

o.oits 

0.471 

lilJ.X 

" 

8740 

139.1 

" 

8  740 

139.1 

*• 

8740 

0.0180 

0.475 

130.1 

•• 

8580 

130. 1 

" 

8580 

X30.I 

** 

8S80 

o.oi«s 

0.480 

131.0 

" 

8440 

131. 0 

'* 

8440 

X31.0 

•< 

8440 

0.0x90 

0.48S 

132.1 

•• 

8300 

X33.I 

" 

8300 

132.1 

'* 

8300 

0.0195 

0.489 

133.0 

'* 

8  ISO 

133- 0 

** 

8x50 

1330 

** 

8  ISO 

o.oooo 

0.493 

.134.0 

8010 

134.0 

80x0 

134.0 

8010 

y  Google 
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Table  VIL    VsIiim  for  FonnulM  for  Reinf orced  Concrete 

r-  IS 


p 

X 

K 

s. 

St 



K 

Se 

Si 

K 

s. 

St 

o.ooso 

o.3ao 

71.6 

SCO 

16000 

o.ooss 

0.333 

78.3 

530 

*' 

0.0060 

0.344 

8i5.i 

558 

" 

0.0065 

0.355 

do'.a 

513 

14000 

91  6' 

S86 

•• 

0.0070 

0.365 

86.1 

537 

'• 

98.3 

614 

" 

0.007S 

0.375 

92.0 

560 

" 

X05.X 

640 

•• 

o.ooSo 

0.384 

ii'e 

500 

12000 

97.6 

583 

" 

X08.9 

650 

IS  600 

0.008s 

0.393 

88.6 

S19 

" 

103.3 

606 

" 

XII.O 

" 

IS  040 

0.402 

93.S 

537 

•• 

109.0 

627 

" 

113. 3 

" 

US30 

0.009s 

0.410 

98.4 

556 

" 

114.8 

648 

" 

IIS.I^ 

'* 

U020 

o.ozoo 

0.418 

103.3 

573 

•• 

117. 1 

^ 

13600 

U7.1. 

" 

13600 

O.OIQS 

0.425 

106.2 

593 

" 

X18.6 

13  ISO 

1x8.6 

*• 

13  ISO 

O.OXIO 

0.433 

113.1 

611 

" 

120.5 

12760 

130.5 

" 

19760 

O.OII5 

0.440 

II7.9 

627 

•* 

122.0 

12420 

132.0 

*• 

Z3  430 

o.oiao 

0.446 

122.7 

647 

" 

123.4 

12080 

1334 

" 

13  080 

o.oias 

0.453 

125.0 

650 

II  780 

125.0 

11780 

»5.0 

(1 

ZI780 

0.0130 

0.459 

126.8 

1x480 

126.8 

II  480 

126.8 

** 

1x480 

0.0135 

0.465 

127.7 

II  200 

127.7 

II  200 

127.7 

" 

IXdOO 

0.0140 

0.471 

128.9 

10920 

138.9 

10920 

X38.9 

" 

10930 

0.0145 

0.477 

130.4 

10690 

130.4 

10690 

X30.4 

" 

10  690 

0.0150 

0.483 

131  7 

10465 

131. 7 

10  465 

«x.7 

" 

1046s 

0.0x55 

0.488 

133.0 

10240 

133.0 

10240 

133.0 

" 

X0240 

0.0160 

0.493 

133.9 

10  010 

133.9 

100x0 

133.9 

10  0x0 

0.0165 

0.498 

135.  a 

9810 

135.3 

98x0 

135. 3 

*• 

98x0 

0.0170 

0.503 

136.0 

9620 

136.0 

9620 

X36.0 

" 

9620 

0.0175 

0.508 

137.  a 

9435 

137.3 

9435 

137.3 

" 

9435 

0.0180 

0.513 

138.2 

9260 

138.3 

9260 

138.3 

" 

9360 

0.0185 

0.518 

139.4 

9100 

139.4 

9x00 

139.4 

" 

9100 

0.0190 

0.522 

140.3 

8940 

X40.3 

8940 

140.3 

** 

8940 

0.0195 

0.527 

141. 1 

8790 

X4I.I 

•• 

8790 

14x1 

•' 

8790 

O.O300 

0.531 

142.0 

8630 

143.0 

8630 

143.0 

86t30 

y  Google 
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TftMe  Vm.    ValttM  for  FonnnlAs  for  Roinforced  Concrote 
r-  IS 


p 

X 

K 

s. 

•s, 

K 

5. 

s. 

K 

s. 

•s. 

0.0030 

0.258 

60.3 

513 

22  000 

0.0Q3S 

0.276 



63^5 

507 

aoooo 

69.9 

557 

" 

0.CQ40 

0.293 

73.3 

548 

•• 

795 

604 

K. 

o.oo<s 

0.306 

73.7 

SA 

18000 

80.7 

587 

•• 

88.8 

646 

" 

0.0050 

0.320 

80.5 

563 

" 

89.4 

626 

•• 

93.9 

650 

20800 

0.005S 

0.333 

88.Z 

596 

1< 

96.0 

650 

196x0 

960 

19  610 

0.0060 

0.344 

95.6 

6a8 

*• 

991 

" 

18620 

99.x 

•• 

18620 

0.0065 

0.355 

101.8 

650 

17760 

101.8 

" 

17760 

101.8 

" 

17  760 

0.0070 

0.365 

104.1 

16950 

104. 1 

•• 

16950 

104.1 

•• 

16950 

0.007s 

0.37S 

106.7 

" 

16250 

106.7 

" 

16250 

106.7 

" 

16250 

0.0080 

0.384 

X08.9 

" 

15600 

108.9 

" 

15600 

108.9 

" 

15600 

o.oofts 

0.393 

IIX.O 

" 

15040 

III.O 

15040 

III.O 

" 

15  040 

0.0090 

0.402 

113.3 

" 

14  520 

113-3 

14530 

113. 3 

" 

14530 

0.009s 

0.410 

115. 1 

" 

X4Q20 

115.  X 

•• 

14020 

IIS.  I 

" 

14020 

O.OIOO 

0.418 

117. 1 

•* 

13600 

117. 1 

" 

13600 

117. 1 

•• 

13600 

0.0105 

0.435 

II8.6 

•• 

13150 

Z18.6 

" 

13  ISO 

II8.6 

•* 

13150 

O.OIIO 

0.433 

120.5 

*• 

12760 

120.S 

" 

13760 

I20.S 

" 

13760 

o.oiis 

0.440 

122.0 

•* 

13  430 

122.0 

*• 

13  430 

122.0 

" 

13  430 

o.oiao 

0.446 

1334 

" 

12060 

133.4 

" 

12080 

133. 4 

•• 

12080 

o.oias 

0.453 

125.0 

•• 

II  780 

Z35.0 

•• 

11780 

125.0 

•• 

11780 

0.0130 

0.459 

126.4 

•« 

II  480 

136.4 

" 

II  480 

126.4 

** 

II  480 

0.0135 

0.465 

127.7 

•• 

II  200 

137. 7 

'• 

11  300 

137. 7 

•• 

11200 

0.0140 

0.471 

128.9 

•• 

10920 

128.9 

•' 

10930 

128.9 

" 

10930 

0.0145 

0.477 

1304 

•< 

10690 

130.4 

la 

10690 

130.4 

•' 

10690 

0.0x50 

0.483 

131  7 

•• 

10465 

131. 7 

<« 

1046s 

131. 7 

•* 

10465 

o.oiss 

0.488 

133.0 

<• 

10240 

133.0 

" 

10240 

1330 

•* 

10240 

0.0x60 

0.493 

133.9 

«• 

10  010 

133  9 

" 

10  010 

133  9 

•• 

10  010 

0.0165 

0.498 

1350 

•< 

9810 

135. 0 

•• 

9810 

1350 

" 

9810 

0.0x70 

O.S03 

136.0 

*' 

9620 

136.0 

" 

9620 

136.0 

•* 

9620 

0.0175 

0.508 

1373 

" 

9435 

137.3 

*• 

9  435 

1373 

*• 

9435 

o.oito 

0.513 

138.3 

•• 

9260 

138.2 

•• 

9260 

138.3 

" 

9260 

0.0185 

0.518 

1394 

•• 

9100 

1394 

" 

9100 

1394 

•• 

9100 

0.0x90 

0.532 

140.1 

•• 

8940 

140.1 

If 

8940 

140. 1 

*• 

8940 

0.0195 

0.537 

141.1 

«* 

8790 

141.1 

'• 

8790 

141. 1 

*• 

8790 

o.oaoo 

0.531 

143. 0 

8630 

142.0 

8630 

142.0 

8630 

y  Google 
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dnder  C^crete.  Values  of  it  for  dnder  concrete  are  given  in  Tables  DC 
and  X,  which  are,  however,  recommended  to  be  used  only  for  slabs.  Cinder 
concrete,  though  an  excellent  fireproofing  material,  lacks  strength  and  should 
be  used  as  a  structural  material  for  the  slabs,  onb^,  between  the  beams. 

Tabto  IX.    Valnw  for  Formulas  for  Reinforced  Cinder  Concrete 
r-3S 


p 

0.0005 

s 

K 

Se 

5. 

K 

5, 

St 

0.X70 

7.5 

94 

x6ooo 

7  S 

94 

16  000 

O.OOIO 

0.232 

X4.8 

138 

•* 

148 

138 

X6000 

0.0015 

0.276 

21.8 

174 

•« 

18.8 

150 

13800 

0.0030 

0.3IX 

a8.7 

206 

*• 

90.9 

•* 

II 6133 

0.0095 

0.340 

33.9 

22s 

15300 

sa.i 

** 

loaoo 

0.0030 

0.365 

36.1 

" 

13688 

a4.o 

** 

912s 

O.003S 

0.387 

37.9 

*• 

.   12439 

253 

** 

8293 

0.0040 

0.407 

39.6 

" 

11447 

26.4 

•* 

7431 

0.004S 

0.42s 

41.0 

" 

10625 

27.4 

" 

7083 

O.OQSO 

0.442 

42.4 

** 

9945 

28.3 

<< 

6630 

0.0055 

0.457 

43.6 

'* 

9348 

fl9.x 

6232 

0.0060 

0.471 

44.7 

•* 

8a3X 

29.8 

5888 

0.0065 

0.484 

45-7 

•• 

8377 

30.4 

55ftS 

O.C070 

0.497 

46.7 

•• 

7988 

3x1 

5325 

0.0075 

0.508 

475 

" 

7620 

31.6 

S080 

0.0080 

0.519 

483 

'* 

7298 

32.2 

4866 

0.0085 

0.5^9 

49  0 

•• 

7001 

32  7 

4668 

0.0090 

0.539 

49  7 

'• 

6738 

33  2 

"  ' 

4492 

0.0095 

0.548 

50.4 

•• 

6489 

33.6 

4326 

0.0x00 

0.5S7 

Si.o 

•* 

6266 

34.0 

4x78 

0.0105 

o.5«S 

51.6 

" 

6054 

34.4 

4036 

o.ozzo 

0.573 

52.1 

•• 

586P 

34.8 

3907 

0.0II5 

0.581 

52.7 

*• 

S684 

35. 1 

3789 

0.0120 

0.588 

532 

" 

S5I3 

35-5 

•4 

367s 

0.0x25 

0.59s 

537 

" 

5355 

35.8 

•* 

3570 

0.0130 

0.602 

54. 1 

•• 

52x0 

36.1 

** 

3473 

0.0135 

0.608 

545 

'• 

S067 

36.4 

tl 

3378 

O.OZ40 

0.615 

550. 

•* 

4942 

36.7 

•  • 

3295 

0.0145 

0.621 

S54 

•• 

4818 

36.9 

*• 

3212 

0.0150 

0.626 

55.7 

•* 

4695 

37.1 

•* 

3x30 

0.0155 

0.633 

56.1 

•• 

4587 

37.4 

ft 

3058 

0.0x60 

0.637 

S6.4 

** 

4  479 

37.6 

" 

2986 

0.0x65 

0.643 

56.8 

" 

4384 

37.9  • 

*• 

2923 

0.0170 

0.648 

57.2 

*• 

4288 

38.1 

«• 

2859 

0.0I7S 

0.652 

574 

•• 

4  191 

38.3 

•' 

27W 

0.0180 

0.657 

57.7 

•• 

4x06 

38.5 

" 

2738 

0.0185 

0.662 

58.1 

*• 

4026 

38.7 

•• 

26B4 

0.0190 

0.666 

58.3 

•i 

3943 

38.9 

•' 

2629 

0.0195 

0.671 

58.6 

" 

3871 

39.1 

t< 

2  581 

0.0200 

0.675 

58.9 

*< 

3797 

39.2 

2S3I 

y  Google 
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Tlible  Z.    ValiMi  for 


for  Raiaforcod  Clader  Coacret* 
r-30 


p 

s 

K 

5. 

S 

K 

5. 

5 

K 

5. 

s. 

o.ooos 

0.IS9 

7.6 

X00.6 

x6ooo 

7.6 

100.6 

X6000 

6.6a 

88 

14000 

O.OOIO 

o.ax6 

14.9 

X48 

M 

14.9 

148 

«• 

13.0 

139-5 

•• 

o.oois 

o.aS9 

MO 

X8S 

t( 

23.0 

185 

•« 

i9.a 

Ida 

M 

0.292 

a6.8 

219 

(• 

a8.8 

9X9 

" 

as. a 

19a 

14 

o.ooas 

0.319 

35.8 

451 

** 

3S.e 

350 

15950 

a8.s 

aoo 

13  730 

0.0030 

0.344 

4a.6 

279 

*• 

38.1 

'* 

14300 

30.4 

" 

II  480 

O.0Q35 

0.365 

48.1 

300 

15620 

40.x 

i« 

13030 

32.0 

•• 

10420 

0.0040 

0.386 

S0.4 

*• 

14480 

4a. 1 

'* 

xao6o 

33.6 

•« 

9650 

O.0O4S 

0.40a 

sa.a 

** 

13400 

43.4 

<• 

XI  170 

34.8 

" 

8930 

0.0050 

0.4x8 

54.0 

** 

ia54o 

4S.O 

•* 

10  450 

36.0 

** 

8360 

o.ooss 

0.433 

55.6 

" 

1x810 

46.3 

** 

9860 

37.0 

" 

7870 

0.0060 

0.447 

57.0 

•• 

XI  180 

47.5 

•* 

9320 

38.0 

•• 

7450 

0.006s 

0.460 

58.S 

•' 

10620 

48.7 

" 

8850 

38.9 

•' 

7080 

0.0070 

0.47a 

59.7 

" 

X0X20 

49-7 

•• 

8440 

39.8 

•' 

6750 

0.0075 

0.4«3 

60.7 

<t 

9660 

S0.6 

•• 

8050 

40.5 

•• 

6440 

0.0080 

0.494 

6X.9 

*• 

9a7o 

51.6 

" 

7730 

41.3 

" 

6170 

0.00B5 

O.S04 

63.0 

" 

8900 

Sa.S 

•• 

74ao 

43.0 

** 

S93D 

0.0090 

0.S14 

«3.9 

** 

8S«0 

53.3 

*• 

7130 

4a.6 

*' 

5710 

0.009s 

o.5«3 

64.9 

" 

8250 

54.1 

•• 

6870 

43a 

" 

5500 

O.OIOO 

o.S3a 

65.7 

•• 

7980 

54.7 

" 

6650 

43-7 

** 

5330 

o.oios 

0.S40 

66.4 

*• 

7710 

554 

•* 

64ao 

44  3 

•• 

5  140 

o.oxxo 

O.S47 

67.a 

<• 

7460 

559 

«« 

6220 

44.7 

M 

4970 

o.oiis 

0.555 

67.8 

•• 

7340 

56.5 

«• 

6040 

45.2 

■4 

4830 

o.oiao 

o.s6a 

68.5 

•< 

7020 

57.1 

•• 

58S0 

45.7 

" 

4680 

o.oias 

0.S69 

69.3 

•* 

68y> 

5T.7 

•• 

S680 

46.  a 

" 

4550 

o.oiio 

0.576 

69.8 

«( 

6650 

58.a 

** 

5  540 

46.S 

M 

4430 

OLOias 

0.S82 

70.4 

•• 

6460 

S8.6 

•* 

5380 

46.8 

•  « 

4310 

0.0140 

0.588 

7X.0 

" 

63x0 

S9.a 

•• 

5260 

47.3 

*• 

42x0 

O.OI4S 

0.594 

71. S 

" 

6x40 

59.5 

" 

5X20 

47.6 

'* 

4090 

0.0x50 

0.600 

7a.  0 

" 

6000 

60.0 

«• 

5000 

48.0 

" 

4000 

o.oiss 

0.606 

7a.6 

" 

5860 

60.5 

** 

4880 

48.4 

•• 

3910 

0.0160 

o.6ia 

73.x 

" 

5730 

60.9 

" 

4780 

48.7 

•• 

3820 

0.016s 

0.617 

73.6 

•• 

56x0 

6X.3 

•• 

4670 

49.0 

" 

3740 

0.0x70 

o.6» 

74.0 

•• 

5480 

6x7 

"  . 

4S70 

49  4 

41 

3660 

0.0175 

o.6a7 

74.5 

•• 

5370 

62.0 

** 

4470 

49.6 

•* 

3580 

ceiSo 

0.63a 

74.9 

** 

5  370 

6a.4 

*• 

4390 

49.9 

•* 

3SIO 

0.0185 

0.696 

7S3 

•• 

5  160 

d3.7 

•* 

4300 

so.  a 

" 

3440 

0.0x90 

0.64X 

75.7 

it 

5060 

63.1 

•• 

4  220 

50.4 

" 

3  370 

0.0x9s 

0.64s 

76.0 

" 

4960 

63.3 

" 

4130 

so.  7 

•* 

3300 

0.0300 

0.649 

76.4 

4870 

63.6 

4060 

50.8 

3340 

Iteiaforced-Concrcfte  Beams  of  Rectangultr  Cross-Section.  In  determin- 
ing  the  size  or  beam  required  for  any  given  case,  r  and  the  limiting  values  of 
Sc  snd  St  are  generally  given,  and  K  can  be  determined  for  any  ratio,  p,  of  coq- 
Crete  to  sted.  The  value  of  If ,  the  iCAxnimc  BBNDmo  KotfENT,  that  is,  the 
bending  moment  at  the  danoekous  section  of  the  beam,  is  determined  ifrom 
the  conditions  of  loading,  the  span  and  the  spacing;  and  the  width  and  depth 
of  the  beams  are  to  be  found.  Formula  (i)  may  then  be  put  in  the  more  con« 
venxent  form. 


'-\^ 


(5) 
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A  value  for  b  is  assumed  and  the  eqoatioa  solved  for  d.  Architectural  or 
structural  reasons  will  often  limit  the  width  or  depth  and  several  trials  may  have 
to  be  made. 

Iteinforced-Concrete  Slabs.  For  the  strengt|i  of  slabs  the  same  formulas 
apply.  A  slab  may  be  treated  (x)  as  a  rectangular  beam  of  unusual  width; 
(2)  as  a  series  of  beams  set  one  alongside  the  other,  the  width  of  each  beam  being 
equal  to  the  spacing  of  the  reinfordng-rods,  and  one  rod  being  used  for  each 
beam;  or  (3)  as  a  series  of  beams  of  imit  width,  the  area  of  steel  for  each  beam 
being  the  area  of  reinforcement  per  unit  of  width. 

Check-Formulas.  It  may  sometimes  happen  that  it  is  advisable  to  dieck 
a  given  or  existing  beam-construction  as  to  strength  or  compliance  with  speci- 
fications for  working  stresses.  In  that « case  the  following  formulas  will  be 
convenient  (see,  also,  page  992) : 


■(-J) 


M  -  pStbd^  (  I  -  -  (6) 


(-1) 


"-■^i.-;!  (rt 


If  the  strength  of  the  beam  for  the  assumed  working  stresses  is  to  be  deter- 
mined, these  values  of  St  and  Se  are  inserted  in  Formulas  (6)  and  (7),  and  the 
least  value  of  ^  is  used.  If  the  values  of  M  resulting  from  these  equations  are 
not  equal,  the  full  benefit  of  one  of  the  materials  is  not  being  obtained.  If  the 
stresses  in  the  steel  or  concrete  due  to  a  given  loading  are  to  be  determined  the 
fonnulas  are  put  in  the  following  forms: 

5f- — r — \  w 


2M 

5e- — 7 — rr  (9) 

xbd* 

These  formulas  apply  to  rectangular  beams  only.  M  in  Formulas  (8)  and 
(9)  b  the  mayimum  moment  due  to  the  external  forces,  or  the  mairimum  bend- 
ing moment.  The  value  of  x  can  be  determined  from  Tables  V  to  X.  In  For- 
^  mula  (8)  it  will  be  noted  that  the  denominator  of  the  fraction  is  an  expression 
^  for  the  area  of  the  steel  multiplied  by  the  lever-arm  of  the  resisting  moment, 
that  is,  the  distance  from  the  center  of  gravity  of  the  steel  to  the  center  of  com- 
pression in  the  concrete.  Similarly,  in  Formula  (9),  the  denominator  of  the 
fraction  is  an  expression  for  the  area  of  the  concrete  in  compression  multiplied 
by  the  lever-arm,  x  again  being  determined  by  Formula  (4)  and  M  being  the 
maTJmum  bending  moment  due  to  the  external  forces. 

Reinforcad-Concrate  T  Beams.  Where  beams  or  girders  are  used  in  rein- 
forced-concrete  building-construction  there  are  usually  accompanying  floor>slabs. 
If  these  slabs  are  cast  with  the  beams  or  girders  they  add  very  much  to  the 
strength  of  the  latter.  Some  authors  prefer  not  to  consider  this  additional 
strength  but  to  regard  it  as  increasing  the  factor  of  safety.  This  position  is  ten- 
able only  when  the  slabs  are  cast  or  built  independently.  If  made  at  the  same 
time,  economical  design  requires  that  the  slab  shall  be  considered.  The  width 
of  slab  that  may  be  taken  as  part  of  the  beam  should  not  exceed  one-fourth  the 
span-length  of  the  beam,  and  the  overhanging  part  on  either  side  of  the  web 
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or  stem  should  not  exceed  four  times  the  thickness  of  the  slab.  In  any  case; 
the  flange  must  not  be  considered  wider  than  the  distance  between  the  beams. 
In  ordinary  floor-construction  the  spacing  of  beams,  girders  and  columns  is  gen- 
craUy  an  architectural  or  commercial  consideration.  Generally,  the  simplest  pro- 
cedure, therefore,  is  to  first  determine  the  tliirlcn«»aa  of  slab  required  for  the  given 
spadng  of  beams,  and  this  determines  the  thickness  of  the  flange  of  the  T  beam. 
In  the  calculation  of  the  girder,  it  is  not  objectionable  to  use  the  same  slab,  or 
as  much  of  it  as  may  be  permissible,  that  has  been  used  in  the  consideration  of 
the  beam  framing  into  that  girder,  as  the  compression-stresses,  in  the  two  cases, 
act  at  right-angles  to  and  practically  assist  one  another.  When,  however,  the 
principal  slab-reinforcement  is  parallel  to  the  girder,  in  the  case  of  a  combined 
slab,  beam  and  girder-construction,  the  slab-action  produces  compression  in  the 
same  direction  as  the  girder-compression  with  a  resulting  overstress  in  the  con- 
crete. In  this  case,  transverse  reinforcement  should  be  provided  at  right-angles 
to  the  girder  and  extending  well  into  the  slab. 

Formulas  for  Reinforced-Concrete  T  Beams.    Fig.  17  shows  a  cross-sec- 
tion of  a  T  beam  resulting  from  the  use  of  the  slab  as  part  of  the  beam,  and 


K 
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Fig.  17.    Cross-section  of  Reiafoioed-coQcrete  T  Beam 

shows  dearly,  also,  the  notation  used  in  the  formulas.    In  a  construction  of  this 
kind  three  cases  may  be  considered: 

z.    The  neutral  axis  may  fall  bebw  the  flange,  in  whidi  case 


(loy 


(XI) 


In  these  formulas  the  small  area  of  concrete  in  compression  below  the  flange 
is  neglected  and  the  center  of  compression  is  assumed  to  be  at  the  center  of 
the  flange.  This  is  done  to  simplify  the  formulas.  The  result  is  not  materially 
affected  and  errs  on  the  side  of  safety.  The  position  of  the  neutral  axis  is  given 
by  Fonnula  (xa) 

*"  2d{bdpr  +  b't)  ^"' 

and  the  most  economical  percentage  of  steel  by  Formula.  (13) 

SJf't 
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In  detenmnxng  the  ratio  of  steel  to  ooocrete  in  these  T  betms  aefy  that  part 
of  the  area  of  the  concrete  is  considered  that  lies  above  the  oater  of  gimvity  of 
the  steel  and  between  the  sides  of  £he  stem,  that  Is,  the  area  M. 

Case  a.  The  neutral  axis  may  coincide  with  the  under  side  of  the  flange^  in 
wliicfa  case 

M'^StPbdld^*^  (14) 

and 

The  economical  value  of  ^  in  this  case  is  the  same  as  in  Case  i|  Formula  (13). 

Case  3.  The  neutral  axis  may  fall  abovd  the  Wer  edge  of  the  flange.  This 
case  is  the  same  as  Case  3,  since  for  purposes  of  calculation  all  the  concrete  in  the 
flange  below  the  neutral  axis  is  neglected  and  t  becomes  xd  in  thb  case  as  in  the 
last  When  the  slab  is  considered  an  integral  part  of  the  beam,  adequate  bond 
and  shearing  resistance  between  the  slab  and  tJie  web  of  the  beam  must  be  pro- 
vided. The  concrete  is  ordinarily  adequate  to  take  the  vertical  shear  through 
the  flanges  next  to  the  stem  and  is  further  strengthened  by  placing  hoziaontal 
steel  reinforcements  across  the  top  of  the  beam  or  girder  as  described  above. 
Whether  or  not  the  resistance  to  shear  is  adequate  can  be  determined  by  the 
formula 

2tKf 

in  which  St  is  the  unit  vertical  shear  at  AB,  and  Sk  is  the  unit  horizontal  shear 
at  BC  (Fig.  17).  This  should  not  exceed  the  safe  unit  shear  for  ooocrete  unless 
sted  reinforcement  is  provided.    The  value  of  5jh  fai  the  formula  is 

which,  it  will  be  noted,  is  the  total  vertical  shear  divided  by  the  effective  area 
of  the  stem. 

Moduli  of  Elasticity.  In  the  derivation  of  all  these  formula?  and  in  the 
determination  of  the  values  df  K,  the  ratio  of  the  modulus  of  elasxectty  of 
the  steel  to  that  of  the  concrete  plays  an  important  part  It  is  necessary  then 
to  know  what  values  to  use.  Tlw  generally  accepted  modulus  of  elasticity  of 
steel  is  30  000  000  lb  per  sq  in.  The  modulus  of  elasticity  of  ooncreCe  varies 
with  many  conditions.  Even  in  the  same  mixture,  the  character  of  the  materials, 
as  well  as  the  manner  of  mixing  and  pladngi  affect  it.  The  modulus  increases 
with  the  age  of  the  concrete.  It  also  increases  with  the  richness  of  the  mix- 
ture. It  seems  to  decrease  with  an  increase  in  the  load  on  the  concrete.  The 
different  values  for  the  ratio  or  the  uooulus  of  elasticity  of  the  sted  to 
the  modulus  of  elasticity  of  the  concrete  to  be  used  m  the  design  of  remforced- 
concrete  constnictite,  as  fixed  by  the  building  rogulatidns  of  various  dtiet  and 
by  other  authorities,  is  given  in  Table  II,  page  918.  Values  for  the  modulus  of 
^laslidty  of  concrete  under  different  loads  and  for  different  mixtitres  determined 
by  actual  tests  at  the  Watertown  Arsenal  are  given  in  Table  XI. 
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TtUe  XI.    Blaalie  Fropotiw  of  Broken-Stone  Contireto  Twehre-Inch  Cubes 


Composition 

Age 

Modulus  of  elasticity  in 

pounds  per  square  inch 

between  loads  of 

Cement 

Sud 

Broken 
stone 

xooand 
6oo 

lb  per 
sqin 

000  and 
1000 

lb  per 
sq  in 

xoooand 
2000 

.lb  per 
sq  in 

Testa  made  by 

j        * 

2 
2 
2 
2 
3 
3 
3 
3 
6 
6 
6 

7  days 
I  mo 
3  mos 

6  mos 

7  days 
I  mo 
3  mos 
6  mos 
imo 
3  mos 
6  mos 

2  593  000 
2662000 
3671  000 
3646000 

1  869000 
2438000 

2  976  000 
3606000 
1376000 
1642000 
1820000 

2054000 
2445000 
3  170000 
3567000 
I  530000 
2x35000 
2656000 
3503000 

1364000 
I  522000 

135x000 
z  462  000 
2158000 
2582000 

X  219000 
X  805  000 
X866000 

•  Geo.  A,  Kimball. 

«<      «<         II 
it     ««         •< 

<•         n               it 

*  Tests  of  metals,  U.  S.  A.,  1899.  page  741- 

Workilig  Stretset.  The  working  stresses  for  concrete  and  steel  allowed 
by  various  cities  are  given  in  Table  II  on  page  918.  In  the  detenxiination  of 
K  the  values  of  5«,  5i  and  r  as  taken  from  Table  II  are  substituted  in  Formula 
(2),  or,  the  value  of  K  may  be  taken  directly  from  Tables  V  to  VIII,  pages  930 
to  933  and  substituted  in  Formula  (5).  For  M  in  that  fonnulai  the  maxdcum 
BENDING  MOVENT  due  to  the  external  forces  is  used. 

Banding  Momenta  in  Beams.  Beams  and  girders  are  usually  considered 
as  sncPLE  BEAMS,  that  is,  as  beams  supported  at  both  ends,  but  not  built  in, 


tl 


Fig.  18.    Reinforcement  for  Uniformly  Dbtributed  or  Symmetrically  Placed  Load 


.■A 


Fig.  19.    Reinforcement  for  Unsymmetrically  Placed  Concentrated  Load 

restrained,  or  continuous,  althdugh  in  many  instances  they  are  actually  carried, 
as  cONTiNtTOtTS  BEAMS,  over  the  supports.  If  continued  over  a  support,  there 
is  a  NEGATIVE  BENDING  MOMENT  at  that  support,  and'  this  negative  b«iding  mo- 
ment should  be  taken  care  of  by  reinf otcementa  in  the  upper  part  of  the  beam. 
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This  bending  moment  is  one-half  that  at  the  middle  of  a  simple  supported  beam 
loaded  at  the  middle,  and  two-thirds  that  at  the  middle  of  a  simple  supported 
beam,  unifonnly  loaded.  In  the  case  of  simple  supported  beams  loaded  either 
at  the  middle  or  with  a  uniformly  distributed  load,  the  bending  moments  de- 
crease toward  the  supports.  For  these  reasons  it  is  advisable  in  arranging  the 
steel  to  be  used  for  the  tensional  reinforcement,  to  select  the  bars  or  rods  in 
pairs,  so  that,  as  the  supports  are  approached,  a  part  of  the  reinforcement  may 
be  turned  up  toward  the  top  and  carried  across  the  supports  near  the  top  as  in- 
dicated in  Figs.  18  and  19.  For  continuous  beams  and  slabs  with  uniformly 
distributed  loads,  the  following  is  recommended  for  haxihcm  fosxtive  and 

NEGATIVE  BENDING-UOICENTS: 

"That  for  beams,  the  bending  moment  at  center  and  at  support  for  interior 
spans,  be  taken  at  wP/12,  and  for  end  spans  it  be  taken  at  t(^/xo  for  center  and 
adjoining  support,  for  both  dead  and  live  loads. 

"In  the  case  of  beams  and  slabs  continuous  for  two  spans  only,  the  bending 
moment  at  the  central  support  should  be  taken  as  wP/8  and  near  the  middle 
of  the  span  as  loiP/io."* 

Beams  simply  supported  at  the  ends  must  be  considered  as  simple  beams 
with  maximum  positive  bending  moments  equal  to  wl*/S,  In  all  the  above 
values,  w  Is  the  load  per  running  foot  and  /  the  span  in  feet. 

Bending  Moments  in  SUbt.  As  floor-slabs  are  usually  carried  continuously 
across  the  supports,  the  maximum  bending  moment  due  to  a  uniformly  distrib- 
uted load  is  assumed  to  be  less  than  in  beams  simply  supported  at  the  ends. 
The  New  York  City  Regulations  provide  that  "the  bending  moments  at  the 
center  and  at  intermediate  supports  of  floor-slabs  continuous  over  two  or  more 
supports  shall  be  taken  as  Wl/12."  The  same  regulations  provide  that "  the  bend- 
ing ;noments  of  slabs  that  are  reinforced  in  both  directions  and  supported  on 
four  sides  and  fully  reinforced  over  the  supports  (the  reinforcement  passing  into 
the  adjoining  slabs)  may  be  taken  as  Wl/P  for  loads  in  each  direction,  in  which 
F  «  8  when  the  slab  is  not  continuous  or  when  continuous  over  one  support, 
and  F"  13  at  both  center  and  supports  when  the  slab  is  continuous  over  both 
supports."  In  these  expressions  W  is  the  total  distributed  load  and  /  the  span 
in  feet.  In  rectangular  slabs  with  two-way  reinforcement  it  is  usually  a.%umcd 
that  the  loading  is  imiform^y  distributed  and  that  one-half  the  load  b  carried  by 
each  system.  When  the  spans  in  either  direction  are  not  equal  the  amount  of 
k)ad  carried  by  each  system  of  reinforcement  is  inversely  proportional  to  the 
fourth  powers  of  the  respective  spans.  The  distribution  of  the  load  is  given 
by  the  formula 

in  which  r  is  the  proportion  of  load  carried  by  the  transverse  reinforcement  I 
the  longer  span  and  b  the  shorter  span  of  the  slab.  Using  this  proportion  of  load, 
each  set  of  reinforcements  is  calculated  as  a  slab  with  supports  on  two  sides  onl>-, 
and  the  total  number  of  rods  required  is  determined  on  the  assumption  of  equal 
spacing.  The  rods  may  then  be  spaced  uniformly  at  the  usual  spacing  for  the 
central  half  of  the  slab  and  gradually  reduced  in  number  per  foot  of  width  to  the 
edge  of  the  slab,  using  one-half  as  many  rods  for  the  remaining  two  quarters. 
In  this  way,  the  amount  of  reinforcement  is  reduced  25%.  When  the  kngth 
of  the  slab  exceeds  the  breadth  by  25%,  the  stresses  in  the  longitudinal  steel  be- 
come so  low  that  the  construction  is  uneconomical.  The  slab  should  then  be 
treated  as  one  with  a  one-way  reinforcement. 

*  Proc.  Am.  Soc.  C.  E.,  Feb.,  xgij,  pBge  149. 
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Sbriakago-Strettes  and  Temperatore-StreBses.  In  slabs  resting  on  or 
carried  over  two  supports  some  reinforcement  should  be  provided  at  right- 
angles  to  the  tension-rods  to  provide  against  shrinkage-stresses  and  tem< 
PERATURE-STRESSES.  Incidentally,  this  reinforcement  may  also  serve  to  keep 
the  tension-rods  properly  spaced.  In  general  it  should  not  be  less  than  one- 
third  of  one  per  cent  in  amount  and  well  distributed.  It  i^  common  practice 
to  use  from  M  to  H-in  rods,  spaced  about  2  ft  apart.  Deformed  bars  with  irregu- 
lar surfaces  and  reinforcements  of  small  diameters,  placed  as  close  as  practi- 
cable to  the  surface,  are  most  effective. 

The  Dispositiott  of  the  Steel.  In  designing  the  reinforcement  for  any 
larm  oi  loading,  the  full  sectional  area  required  must  be  provided  at  the  point 
of  MAXiuuM  BENDING  MOMENT.  As  the  supports  are  approached,  part  of  the 
reinforcement,  as  already  indicated,  is  turned  up,  but  care  must  be  taken  to  keep 
it  so  distributed  that  at  any  point  there  is  still  sufficient  reinforcement  below 
the  neutral  axis  to  furnish  the  necessary  tensional  resistance.  The  arrangement 
of  reiDforcement  ior  a  imiformly  distributed  or  symmetrically  disposed  load  ia 
shown  in  Hg.  18,  and  for  an  unsyrometrically  placed  concentrated  load,  in  Fig.  19. 
In  the  first  mstance  the  maximum  bending  moment  is  at  the  middle  of  the 
beam,  the  reinforcement  is  symmetrical  about  that  point,  and  as  much  as  one- 
half  the  amount  of  reinforcement  may  be  turned  up.  In  the  second  instance 
the  maximum  bending  moment  is  at  some  other  point  than  the  middle,  the  rein- 
forcemeat  must  be  so  disposed  that  the  full  amount  required  will  be  under  the 
load  or  at  the  point  of  maximtim  bending  moment,  and  the  turning  up  must 
be  done  between  that  point  and  the  Support.  Other  conditions  might  require 
less  than  half  the  reinforcement  to  be  turned  up.  There  is  another  reason  for 
turning  up  the  reinforcements  toward  the  ends.  In  addition  to  the  resistance 
to  the  NEGATIVE  BENDING  MOMENT,  there  is  a  resistance  to  the  shear  offered 
by  the  metal  running  through  the  concrete  at  the  points  where  the  diagonal 
cracks  usua^y  occur  in  tests  on  full-sized  beams. 

The  Percentage  of  Reinforcement.  The  amount  op  the  reintorcement 
in  any  case  b  determined  by  Formulas  (3)  and  (13)  for  rectangular  and  T  beams 
respecdveiy.  The  values  obtained  by  these  formulas  give  the  most  economi- 
cal amount.  This  may  vary  from  one-fourth  of  one  per  cent  to  one  and  one- 
half  per  cent  of  the  area  of  concrete,  but  will  usually  run  about  seven-tenths  of 
one  per  cent.  The  nearest  stock  siae  of  rods  giving  this  amount  or  a  slightly 
greater  amount  can  be  selected  from  the  table  given  on  page  1428,  or  from  the 
catak)gue8  of  the  manufacturers  of  the  various  deformed  bars.  The  nttmber 
or  RODS  used  to  make  up  the  necessary  sectional  area  must  be  determined  by 
coDsadcrations  mentioned  in  the  following  xjaragrai^. 

The  Number  of  Reinf  orcing-Roda.  As  already  suggested,  an  even  number 
adapts  itself  better  to  a  symmetrical  or  balanced  arrangement  both  in  cross-sec 
tion  and  horizontal  section.  One  rod  does  not  permit  of  the  turning  up  toward  the 
support.  Two  rods  may  be  made  either  to  continue  along  the  lower  edge  of  the 
b^m,  or  one  may  start  at  one  support,  run  along  the  lower  part  and  turn  up  be- 
yond the  middle  as  it  approaches  the  second  support;  and  the  second  rod  run 
similar^  along  the  bottom  from  the  second  support  and  turn  up  after  passing  the 
middle  as  it  approaches  the  first  support.  Three  rods  may  be  arranged  so  that 
two  continue  along  the  bottom  and  the  third,  the  middle  one,  turns  up  as  it  ap- 
proaches the  supports.  The  arrangement  for  4,  s,  or  6  rods  will  naturally  suggest 
itiielf  from  what  has  been  already  said.  Too  large  a  number  of  rods  is  not  de- 
sirable, as  a  large  number  of  them  together  act  more  or  less  as  a  screen  for  the 
coarser  particles  of  the  concrete  and  prevent  a  close  contact  between  it  and  the 
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steel.  This  matter  of  complicated  reinforcement  is  one  of  considerable  practical 
importance.  If,  however,  the  steel  is  satisfactorily  incased  with  concrete,  a 
larger  number  of  smaller  rods  is  preferable  to  a  smaller  number  of  laiKer  ones. 
The  AKEA  or  contact  of  a  rod  of  smaller  size  is  proportionately  greater  than 
that  of  a  rod  of  larger  size,  as  the  perimeter  varies  directly  as  the  diameter,  and 
the  sectional  area  as  the  square  of  diameter  of  the  cross-section.  In  order  that 
a  larger  may  not  slip,  the  adhesion  of  the  steel  to  the  concrete  must  be  equal  to 
or  greater  than  the  tension  in  the  stcd. 

The  Adhesion  Required.  The  tension  in  a  reinfordng-rod  at  any  point 
having  been  detennined  from  the  given  formulas,  it  must  next  be  determined 
if,  m  either  direction  from  that  point,  the  akea  of  contact  of  the  sted  is 
large  enough  to  make  the  total  adhesion  equal  to  or  greater  than  the  tension. 
If  there  is  a  deficiency  in  this  respect  it  must  be  made  up  cither  by  a  mechani- 
cal bond  or  by  anchoring  the  reinforcements  at  the  ends.  Safe  valdes  roK 
ADHESION  of  concrete  and  steel  are  given  in  Table  II,  page  9x8.  A  safe  ruie 
to  apply,  without  calculation,  to  the  case  of  beams  with  a  maximum  bending 
moment  at  the  middle  is  to  make  the  diameter  of  the  ixxis  not  more  than  one 
two-hundredth  of  the  span.  Under  ordinary  conditions^  generally  speakmg,  the 
length  of  rod  on  either  side  of  the  point  of  maximum  bending  moment  should  be 
at  least  eighty  diameters  for  plain  rods,  and  not  less  than  fifty  diameters  for 
deformed  bars.  Under  unusual  conditions  the  adhesion  should  be  carefully 
studied.  The  apparent  discrepancy  between  the  first  and  second  statements  of 
this  paragraph  is  explained  by  an  allowance  made  and  based  upon  the  fact  that 
the  tension  in  the  steel  does  not  decrease  tmiformly  with  the  decrease  in  dis- 
tance from  the  supports.  The  allowance  is  purely  arbitrary  but  is  considered 
safe.  For  cases  of  unsymmetrically  k>aded  beams  it  is  best  to  exaiQine  care- 
fully into  the  conditions. 

The  Separation  of  the  Rods.  It  has  not  been  unusual  in  tests  on  beams 
to  have  the  concrete  split  off  from  the  under  side  along  the  Kne  of  the  reinforce- 
ment. This  is  due  in  part,  if  not  entirely,  to  an  insuffidency  of  ooacrete  between 
and  around  the  reinforcement.  To  avoid  this  the  spacing  or  separation  of 
the  reinfordng-rods  in  the  cross-sections  of  the  beams  must  be  such  that  the 
resistance  of  the  concrete  to  shear  at  the  levd  of  the  rods  is  at  least  equal  to 
the  adhesion  of  the  concrete  to  the  steel.  As  a  general  rule  the  rods  should  be 
spaced  not  less  than  two  and  <me-half  diameters  on  centers  and  about  two  di- 
ameters from  the  sides  of  beams.  The  dear  distance  between  rods  and  the  space 
between  rods  and  edges  of  beams  should  in  no  case  be  less  than  iH  in.  De- 
formed bars,  if  stressed  to  thdr  full  tensional  value,  should  be  spaced  farther 
apart  than  plain  bars.  At  the  middle  of  a  beam,  the  bond-stress  is  low,  but  at 
the  top  of  a  continuous  beam,  over  the  supports,  where  the  negative  moment  de- 
creases rapidly,  the  bond-stress  is  apt  to  be  excessive  and  frequently  fimits  the 
diameter  of  the  rdnforcement. 

Provisions  Against  Shear  or  Diagonal  Tension.  Numerous  tests  of  beams 
reinforced  with  horizontal  rods  without  stirrups  or  inclined  reinforcement  have 
shown  that  diagonal  cracks  occur  when  the  maximum  shear  over  the  cro^- 
section  is  from  100  to  200  lb  per  sq  in.  Tests  cond|icted  on  concrete  with  the 
puix>ose  of  eliminating  all  other  stresses  but  direct  shear  have  given  a  shearing 
strength  of  concrete  of  from  800  to  i  600  lb  per  sq  in.  The  ordinary  concrete 
beam  has,  therefore,  a  cross-section  of  suffident  area  to  withstand  a  shearing- 
stress  of  200  lb  per  sq  in.  The  cracks  always  occur  at  points  where  a  large 
shearing-stress  exists  in  combination  with  moment-stresses.  Under  con- 
centrated loads,  diagonal-tension  failure  occurs  under  the  concentration, 
and  in  a  umple  beam  imder  a  uniformly  distributed  load,  the  cracks  unear 
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near  the  supports.    The  inclination  of  the  diagonal  tension  in  the  concrete  being 
&  resultant  of  two  forces  changes,  therefore,  with  the  variations  of  shear  and 


For  beams  with  horiaontal  rods  only,  that  is,  beams  in  which  the  web-stresses 
are  resisted  by  the  concrete,  the  sate  shearing  values  to  be  used  under  various 
building  regulations  axe  given  in  Table  II,  page  918.  The  shearino-stress  in 
this  case  is  determmed  by  dividing  the  total  vertical  shear  by  the  product  of 
the  effective  depth,  that  is,  the  distance  from  the  center  of  compression  to  the 
center  of  the  steel,  by  the  width  of  the  beam.  The  maxiitum  shearing-stress 
should,  in  this  case,  not  exceed  s%  of  the  compressive  strength  of  the 
concrete.  When  the  resistance  of  the  concrete  to  shear  is  not  sufficient,  web- 
reinforcement  must  be  provided  by  one  of  the  following  methods  or  by  a  com- 
bination of  them: 

(x)  By  attaching  to  or  looping  around  the  horizontal  members,  stirrups  or 

vertical  members; 
(a)  By  securely  attaching  inclined  rods  to  the  horizontals  in  such  manner  as 

to  prevent  slipping; 
(3)  By  bending  of  a  part  of  the  longitudinal  reinforcement  at  certam  points, 

thus  providing  against  the  diagonal  tension  and  allowing  a  sufficient 

amoimt  of  horizontal  steel  to  remain  to  resist  the  direct  tension. 

It  IS  customary  to  use  the  calculated  vertical  shearing-stress  as  a  measure 
of  the  DIAGONAL  tenshje  or  web-stresses.  In  all  cases,  the  concrete  may  be 
assumed  to  carry  its  safe  load,  and  it  is  ordinarily  assumed  that  two- thirds  of 
the  EXTERNAL  VERTICAL  SHEAR  is  resisted  by  the  web-reinforcement.  For  beams 
reinforced  with  web-members,  the  total  vertical  external  shear  over  the  ef- 
fective section  should  not  exceed  6%  of  the  compressive  strength  of  the  con- 
crete. The  Regulations  of  the  Bureau  of  Buildings  of  New  York  Dty  specify 
that  the  shearing-stress  m  concrete,  when  all  the  diagonal  tension  is  ressted 
by  steel,  shall  not  exceed  150  lb  per  sq  in.  For  beams  m  which  part  of  the 
longitudinal  reinforcement  is  in  the  form  of  bent-up  rods,  the  maximum  vertical 
shearing-stress  should  not  exceed  3%  of  the  compressive  strength  of  the 
concrete. 

The  stresses  in  web-reinforcements  may  be  determined  by  the  following 
fonnolas: 

for  stirjups  P « Vill  (19) 

for  members  mdined  45*,  not  bent-up  bars, 

P^o.lVs/l  (20) 

in  which  «  is  the  horizontal  spadng  0/  the  web-members,  V  the  total  external 
vertical  shear,  /  the  effective  depth  from  center  of  compression  to  center  of  steel 
and  P  the  stress  in  a  single  reinfordng-member.  Fixing  the  allowable  tensile 
BTRHSS  at  x6  000  lb  per  sq  in,  the  spacing  of  web-members  is  expressed  by  the 
fottowing  formulas: 

r        J- 16  000 //V  (21) 

and 

J- 16000//0.7  K  (22) 

In  determinmg  the  length  of  horizontals  necessary  to  properly  care  for  the 
bcsMfing  stresses,  the  same  method  may  be  employed  as  for  plate  girders,  the 
icmaiader  of  the  bar  being  carried  up  as  an  inclined  member  and  carried  over 
the  top  of  the  supports  in  continuous  beams.    The  rods  remaining  at  any  point 
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at  the  bottom  or  top  must  be  of  sufficient  sectional  area  to  carry  the  direct  tensioa 
beyond  this  point.  There  must  also  be  a  sufficient  length  b^ond  this  point  to 
prevent  slipping.  Web-members  must  be  so  spaced  that  there  will  be  a  reinforce- 
ment intersecting  every  45°  line  of  rupture  below  the  neutral  axis.  The  New 
York  City  regulations  specif  that  the  spacing  of  the  web*members  should  not 
exceed  three-foiuths  of  the  depth  of  the  beam.  Suffident  bond-stsengih  of 
web-reinforcement  should  always  be  provided  in  the  coiiPS£SSiON-sn>B  of  the 
beam.  In  simple  beams,  that  is,  beams  resting  on  two  supports,  the  ends  of  the 
bars  should  preferably  be  bent  into  hooks.  Where  bent  up  through  large  angles, 
web-members  should  extend  horizontally  along  the  upper  part  of  a  beam  for 
some  distance. 

Attached  Shear-Membert.  Stirrups  need  not  be  firmly  attached  to  the  ten- 
sional  reinforcement;  but  the  allowable  bond-stresses  and  srearing-stkesses 
in  the  concrete  must  not  be  exceeded  in  transmitting  the  stresses  between  stirrups 
and  k>ngitudinal  rods.  The  stirrups  and  inclined  members  must  also  develop 
sufficient  bond-stresses  to  transmit  the  entire  stresses  for  which  they  are  de- 
signed, and  they  must  sometimes  be  supplemented  with  anchorages  in  the  com- 
pression-side of  the  beam.  It  is,  perhaps,  better  to  have  them  attached,  as 
they  will  certainly  assist  in  anchoring  the  tensional  reinforcement.  DifiFerent 
forms  of  stirrups  and  methods  of  attachment  are  used.  In  the  Kahn  i^ystem 
(Fig.  9)  and  the  Xpantrus  (Fig.  10)  the  stirrups  form  a  part  of  the  tensaonal 
reinforcement.  The  U  form,  either  upright  or  inverted,  b  a  very  common  form 
of  stirrup,  and  may  be  a  rod  of  either  round  or  square  cross-section  or  a  flat 
strap  as  shown  in  Figs.  8  and  13.  The  Hennebique  system  employs  both  in- 
clined rods  and  vertical  stirrups.  In  some  cases,  when  the  slabs  and  beams  are 
constructed  together,  the  slab-reinforcement  is  carried  through  the  upper  ends 
of  the  stirrups. 

The  Bond  between  Steel  and  Concrete.  The  bond  between  the  steel  in 
tension  and  the  concrete  must  not  exceed  the  safe  working  value.  If  the  bond 
is  not  sufficient,  the  rod  will  slip.  Tension-rods  must,  therefore,  never  be  too 
large  to  develop  sufficient  bond-strength  to  transmit  the  stresses.  Where 
bent-up  bars  are  emptoyed,  the  bond-stresses  in  places,  in  both  the  straight 
and  bent  bars,  will  be  higher  than  if  all  bars  were  straight.  In  cantilever  beams, 
the  ends  of  the  bars  at  the  supports  are  tvXly  stressed  and  the  bars  must  be 
carried  into  the  supports  and  anchored  to  develop  this  stress.  In  anchoring 
bars,  an  additional  length  must  always  be  provided  above  that  required  on  the 
assumption  of  unitorm  bond-stresses.  Wherever  possible,  adequate  bond- 
strength  should  be  provided  throughout  the  length  of  the  bar  in  preference  to 
end-anchorage.  Between  plain  bars  and  concrete  the  bond-strength  may  be 
assumed  to  be  4%  of  the  compressive  strength  of  the  concrete. 

The  Breadth  of  a  Reinforced-Concrete  Beam  of  Rectnngoltr  Cross- 
Section.  The  breadth  of  a  rectangular'  beam,  and  of  the  stem  of  a  T  beam, 
as  already  indicated,  is  generally  dependent  upon  the  amoimt  of  reinforcement 
necessary,  and  it  is  equal  to  the  sum  of  the  diameters  of  the  tension-rods,  the 
required  spaces  between  them  and  the  amount  of  concrete  outside  of  the  rods 
needed  to  resist  the  shearing-stresses  and  to  protect  the  $teel.  When  no  stirrups 
are  used  in  a  beam  it  is  necessary,  also,  to  zxiake  the  width  of  the  concrete  suffi- 
cient to  resist  the  horizontal  shearing-stresses.  This  width  should  be  at  least 
equal  to  the  sum  of  the  perimeters  of  the  tensional  reinfordng-rods.  The 
amount  of  concrete  to  be  provided  below  the  steel  is  fixed  by  the  requirements 
for  proper  protection  of  the  steel  against  fire  and  corrosion.     (See  page  960.) 

Compression-Rods  in  Beams  and  Girders.  Steel  reinforcement  in  the 
form  of  rods  is  sometimes  provided  above  the  neittral^xis  in^ beams  and 
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girders  for  the  purpose  of  providing  additional  compressive  strength  where 
there  is  not  sufficient  concrete  above  the  neutral  axis  to  resist  the  total  com- 
pression. If  steel  reinforcement  is  to  be  used  for  this  purpose,  the  stee|  should 
be  placed  as  high  as  possible,  and  the  allowable  unit  compression  in  the  steel 
limited  to  the  actual  compression  in  the  concrete  at  that  point  multiplied  by 
the  ratio  of  the  modulus  of  elasticity  of  the  steel  to  that  of  the  concrete,  as  in 
the  case  of  columns  with  vertical  reinforcement.  The  use  of  steel  in  com- 
pression in  beams  and  girders,  however,  is  not  recommended,  since  at  best  it 
IS  very  uneconomical  and  the  steel  has  a  tendency  to  buckle  and  disrupt  the 
concrete. 

Reiiiforced-Concrete  ColamiiB.  Reinforced-concrete  columns  are  of  three 
general  types:  (x)  concrete  with  vertical  reinitorcement  near  the  outer 
surfaces;  (3)  concrete  wrapped  with  spirally-wound  wire  or  with  metal 
bands;  (3)  concrete  with  a  metal  core. 

Lengths  of  Columns.  The  lengths  of  reinforced-concrete  columns  are  vari- 
ous^ limited  by  different  authorities  as'  follows,  the  figures  being  in  each  case 
the  baho  of  the  length  to  the  least  lateral  dimension: 

New  York 15 

Chicago 12 

Philadelphia is 

St.  Louis IS 

Cleveland 12 

Baltimore , 16 

San  Francisco 15 

Buffalo 16 

Detroit 12 

New  York  limits,  also,  the  least  side  or  diameter  to  12  in  and  San  Francisco 
to  10  in. 

Verticany-Reinforced  Columns.  In  determining  the  strength  of  columns 
with  vertical  reinporcement,  the  steel  is  a.ssumed  to  carry  a  load  per  square 
faicfa  equal  to  the  working  load  per  square  inch  on  the  concrete  times  the  ratio  of 
the  moduli  of  elasticity  of  the  steel  and  concrete.  The  allowable  stresses,  ratio  of 
moduli,  etc,  arc  given  in  Table  II,  page  960.  For  example,  in  New  York  a  load 
ol  500  U)  per  sq  in  is  allowed  on  the  concrete,  and  12  times  500  equak  6  000  lb 
per  sq  in  on  the  steel,  12  being  the  ratio  of  the  moduli  as  fixed  by  the  regulations. 
Not  less  than  i  nor  more  than  4%  of  vertical  reinforcement  should  be  used  in 
reinforced-concrete  col\unns.  The  reinforcing-rods  should  be  tied  together 
horizontally  at  intervals  of  not  more  than  the  least  side  or  diameter  of  the  column. 
This  prevents,  to  a  great  extent,  the  buckling  of  the  reinforcement  imder  load 
and  the  consequent  splitting  of  the  concrete.  The  vertical  reinporcement, 
in  order  to  serve  its  purpose  of  taking  up  the  bending  in  the  column,  should  be 
placed  as  near  the  outer  surfaces  of  the  column  as  possible,  consistent  with 
proper  protection  of  the  steel.  (See  page  959.)  If  tension  is  possible  in  the 
longitudinal  steel,  due  to  bending,  the  bars  must  be  spliced  to  resist  this  stress. 

In  the  disposition  op  the  steel  the  same  precautions  are  necessary  as  in 
the  case  of  beams,  in  order  to  avoid  a  too  dose  spacing  of  the  reinforcing-pieces 
or  an  excess  of  rdnfordng-material.  (See  page  941.)  As  the  concrete  in  00I- 
nmns  is  generaUy  poured  into  the  mold  at  the  extreme  top,  it  is  particularly 
important  to  keep  the  interior  free  from  interlacing  steel  across  the  column. 
In  columns  in  which  the  steel  is  assumed  to  furnish  part  of  the  compressive 
strength,  it  should  be  made  continuous  from  the  oolunms  of  one  story  into 
those  of  the  stories  bekm,  or  washers  or  bases  should  be  provided  at  the  lower 
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ends  to  properly  distribute  the  loads  on  the  steel  over  the  materials  below.  The 
latter  method  should  be  avoided  as  much  as  possible,  as  these  plates  or  washers 
tend  to  form  planes  of  weakness  through  the  concrete.  The  rods  extending 
from  one  colimm  may  be  connected  with  those  above  or  bdow  by  means  of 
pipe-sleeves. 

Laterally-Reinforced  Columns.  Tests  made  on  hoopkd  coNduBte  coluictts 
at  the  Univeraty  of  Illinois  in  1907,  at  the  Watertown  Arsenal  in  1906.  and  at 
the  University  of  Wisconsin  in  1906  and  1907,  show  that  the  ultimate  comivrcssive 
strength  of  such  columns  is  increased  from  500  to  i  000  lb  per  sq  in  for  each 
percentage  of  hoqping  employed.  The  increase  of  strength  is  due  to  the  LAtKRAL 
COMPRESSIVE  STRESSES  developed  by  the  restraining  action  of  the  hoops  or 
bands  at  right-angles  to  the  direct  compressive  stresses.  Below  the  Umit  of 
dastidty,  however,  very  little  stress  is  developed  in  the  lateral  steel  and  the 
tests  show  that  at  an  early  stage,  the  deformation  or  shortening  of  thtf  coiumn 
is  equal  to  that  of  pkin  concrete.  With  further  loading^  the  Uterals  begin  to 
work  and  prevent  failure^  thus  increasiiils  the  so-called  toughness  of  the  column 
and  the  ultimate  compressive  or  breaking  strength*  This  effect  has  been  va< 
riously  allowed  for  by  considering  the  hooping-metal  equivalent  to  and  replaced 
by  imaginary  longitudinals.  Consid^re  and  other  investigators  have  fihown  that 
the  hobping  is  equivalent  to  2.4  times  as  much  longitudinal  steel.  It  is  gener- 
ally conceded  that  hoopmg  permits  of  a  somewhat  higher  unit  stress  In  the  con- 
crete. The  regulations  of  New  York  City  provide  that  "axial  compressiosi  in 
colimms  with  not  less  than  one  per  cent  of  hoops  or  spirab  spaced  not  farther 
apart  than  one-sixth  of  the  diameter  of  the  enclosed  column,  and  in  no  case  more 
than  three  inches,  and  with  not  less  than  one  nor  more  than  four  per  cent  of  ver- 
tical reinforcement,  shall  not  exceed  725  poimds  per  square  inch  on  the  coticrctc 
within  the  hoops  or  spirals  nor  8  700  pounds  per  square  inch  on  the  vertical  re- 
inforcement "  St  Louis  and  Cleveland  permit  2.4  times  the  rolume  of  hooping 
to  be  considered  as  longitudinal  reinforcement;  Chicago  3.5  times;  and  Cincin* 
nati  2.2  rimes. 

The  Coii8id&re  Formuhu  In  the  following  formula  the  attempt  is  made 
to  embody  the  results  of  the  investigarions  of  Codsid^  and  others  on  the 
reiation  of  the  imcseasb  in  coupressive  SimENOTH  to  the  amount  of  Wrapping. 

P^j.S  Sert*  +  5i  4:  «-V  +  1.S  nSeA,  (23) 

P 

in  Which 

P  a  the  safe  load  hi  pounds; 

Sc  »  the  safe  imit  working  stress  of  ordinary  .ttinf arced  concrete  in  oMn* 
pression;  I 

St  -  the  safe  unit  tensile  stress  in  the  hoops; 

r  -  the  radius  of  the  hoops  or  wrapping  surrounding  the  concrete  core; 
i4A  a  the  area  of  the  cross-secrion  of  one  hoop; 

^  -  the  pitch  of  the  hoops; 

«  «  the  ratio  of  the  modulus  of  elasticity  of  the  steel  to  that  of  tlie  omcrete;  I 
ilc  -  the  total  area  of  the  longitudinal  steel.  I 

The  second  part  of  the  equation  consists  of  thite  terms;  the  fitst  term  repre* 
sents  the  strength  of  the  concrete  itself;  the  second  term  the  imcrease  in  ths 
STRENOTB  of  the  concrete  due  to  the  wrapping;  and  the  third  term  the  imcubasx 
IN  THE  s-nusNOTtt  due  to  the  vertical  reinforcement.  In  figuring  the  strength  of 
colunms  by  this  formula,  only  the  area  wlthih  the  limits  <if  the  wrapping  can  b« 
considered  as  fiFVECTtvE  area.    The  part  outside  the  wn^ipiog  must  be  treated 
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as  a  protection  of  the  steel  against  fire  and  corrosion,  and  must  be  made  of  the 
necessaiy  thickness  to  secure  thes§  results.  (See  page  959.)  It  is  to  be  noted 
that  the  formula  is  applicable  only  ii)  ca^  where  the  wrapping  or  bonding  is 
circular  in  form,  and  where  there  is  suiQ^dent  reinforcement  to  insure  a  lateral 
resistance  of  at  lea^t  65  lb  per  sq  in*    This  second  condition  is  satisfied  when 

—  is  equal  to  or  grater  thaa  — . 

Details  of  Latend  EeinlprQempiit.  At  the  top  or  base  of  the  colimms  in 
each  stoiy,  the  wrapping  should  be  made  to  continue  through  the  floor-con- 
struction. Under  certain  conditions,  when  the  floor-construction  is  practically 
solid  about  the  columns,  thus  affording  good  lateral  support,  equal  to  the 
wrapping,  it  may  be  better  to  omit  the  wrapping  and  avoid  the  possible  com- 
plication of  steel  reinforcement  from  column,  girder  and  floor-construction  and 
the  consequent  breaking  of  the  bond  of  the  concrete.  The  materiab  used  for  the 
wrapping  are  either  sted  wire  or  steel  bands.  When  wire  is  used  it  is  spirally 
wound  and  continuous  through  the  full  length  of  the  column.  The  ends  of  the 
wire  are  turned  into  the  column  and  turned  down  to  such  an  extent  that  when 
the  concrete  has  been  poured  imd  set,  ther^  will  be  sufl&dent  anchorage  to  resist 
the  tension  in  the  wrai^ng  due  to  the  outward  pressure  of  the  concrete.  When 
metal  bands  are  used,  as  in  the  Cummings  system,  care  must  be  taken  to  make 
the  riveted  joints  in  the  bands  fu  strong  as  the  bands  themselves.  A  form  of 
wrapping  that  has  the  merits  of  rapidity  and  ease  of  erection  is  shown  in  the 
colunms  used  in  the  Bush  Tenninal  Warehouse,  Borough  of  Brooklyn,  New 
York  Gty,  described  on  page  959. 

Metal-Core  Columns.  The  object  of  this  type  of  column  is  to  provide  a 
oxistruction  for  tall  or  heavily  loaded  buildiqgs  that  will  have  the  necessaiy 
strength  and  yet  not  encroach  too  seriously  oi)  the  floor-space.  For  this  form 
of  column  son^  engineers  advocate  pladng  a  steel  core  through  the  axis  of  the 
concrete,  the  steel  takmg  the  bulk  of,  if  not  the  entire,  load.*  "A  rational  basis 
of  design  b  to  determine  the  strength  of  the  steel  column  by  the  use  of  the  column- 
formula  for  th^  proper  l/r  of  the  column  and  to  ponsider  the  concrete  of  the  core- 
section  to  have  a  stress- value  proportional  to  the  strength  of  plain  concrete. "  t 

William  H.  Burr  designed  a  column  (Fig.  20)  for  the  McGraw  Building,  New 
York  City.  The  steel  core  has  suffid^t  strength  as  a  column,  independent  of 
any  concrete,  to  carry  the  entire  dead  load  coming  upon  it,  the  stresses  in  the 
steel  being  in  no  case  greater  than  those  allowed  on  steel  columns  under  the 
New  York  Building  Code,  considerhig  the  ratio  of  length  to  radius  of  gyration. 
Furthermore,  those  stresses  were  not  allowed  to  exceed  9  000  lb  per  sq  in  in  any 
case.  The  live  loads  were  provided  for  by  pladng  enough  concrete  within  the 
steel  framework,  to  prevent  the  stress  on  the  concrete  from  exceeding  750  lb 
per  sq  in.  This  is  one-twelfth  of  the  maximum  allowable  load  on  the  steel. 
Tlie  concrete  outside  of  the  steel  was  considered  only  as  a  protection  against  fire 
and  corrosion.  Column^. of  this  type  should  be  designed  with  caution.  The 
concrete  should  not  be  relied  upon  to  tic  the  Sted  units  together  or  to  transmit 
stresses  from  one  unit  to  another.  The  units  should  be  tied  together  by  tie- 
idates  or  lattice-bars  in  conformity  with  the  standard  practice  for  structural 
steel  work.  For  high  percentages  of  steel,  the  concrete  will  develop  low  unit 
stresses  and  caution  should,  therefore,  be  used  in  pladng  dependence  upon  the 
concrete.  { 


«  Trass.  Am.  Soc.  C.  £.,  Vol.  XIV.  Part  E.  page  556. 
t  UoiverMly  of  lUinois  Bulletin  No.  56, 191a. 
t  Proc  Am.  Soc.  C.  £.,  Feb,  19x3,  p^q^e  X53. 
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Tig.  20.    CoDCiete  Column  with  Sted  Core 

Rich  Iftiztures  of  Concrete.  IncreasiDS  the  proportion  of  cement  in  a 
mixture  increases  the  ultimate  strength  of  the  concrete  proportionally  and  is 
effective  in  desigm'ng  columns  with  smaller  cross-sectional  area.  The  increased 
compressive  strength  is  also  accompanied  by  a  higher  modulus  of  elasticity. 
Furthermore,  the  employment  of  a  rich  mixture  also  permits  of  higher  propor- 
tional stresses  in  the  steel  and  consequently  a  more  economical  design.  The 
internal  stresses  in  a  monolithic  member,  however,  may  be  considerably  com- 
plicated by  the  excessive  shrinkage  of  rich  mixtures  which  have  a  tendency  to 
crack.  The  New  York  City  Regulations  provide  that ' '  in  reinlorced-concrete  ool  - 
lunns  the  compression  on  the  concrete  may  be  increased  twenty  per  cent  when 
the  fine  and  coarse  aggregates  are  carefully  selected  and  the  proportion  of  cement 
to  total  aggregate  is  increased  to  one  part  of  cement  to  not  more  than  four  and 
one-half  parts  of  aggregate,  fine  and  coarse,  either  in  the  proportion  of  one 
pert  of  cement,  one  and  <n)e-half  parts  of  sand  and  three  parts  of  stone  or  gravel, 
or  in  such  proportion  as  will  secure  the  maximum  density." 
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Ciimiiiiacs'  Lateral  Reinforcemeat.  Robert  A.  Cummings  of  Pitt<iburgh, 
Pa.,  following  a  European  practice,  has  appUed  extensively  a  method  of  rein- 
forcing compression-memben  by  placing  horiaontal  wire  spirals  in  planes  at 
right-angles  to  the  main  compressive  stresses  and  spaced  from  xH  to  2  in  on 
centers.  This  practice  is  based  on  the  theory  that  the  failure  of  a  concrete  prism 
wiO  take  pUce  along  lines  parallel  to  the  direction  of  the  applied  load.  The 
method  has  been  very  successful  in  reinforcing  the  heads  of  precast  concrete 
piles»  driven  by  hammer. 

Cast-iron  Columns.  When  a  building  for  any  reason  need  not  be  treated 
as  a  fire-proof  structure,  space  and  time  may  be  saved  by  using  CAST-ntON  or 
STEEL  COLXTMNS.  In  such  cases  the  column-connections  must  be  designed  with 
suitable  bearings  for  the  concrete  construction  and  so  that  there  will  be  a  con- 
UNOTTY  m  that  construction;  for  the  great  advantage  in  remforced-con^rete 
construction  lies  in  its  monouthic  character.  When  cast-iron  columns  are 
used,  the  heads  of  the  columns  may  be  cast  with  openings  through  which  the  * 


PhfllM  Pto  hATe  a  oomMiMd 
Area  •qoal  to  the  Araa  of  Ihe 
Ooliimn  they  have  to  Sapport. 
to  be  CMt  on  at  top  of  Support- 
iof  Coloina. 


Fig.  21.    COnaectioiu  for  Cast-iron  Columns  and  Reinforced-concrete  Construction 

reinforcement  may  pass  from  one  side  to  the  other.  Fig.  21  shows  how  this  has 
been  done  in  a  building  at  Gay  and  Christopher  Streets,  New  York  City,  with- 
out impairing  the  strength  of  the  cohmms  at  the  connections. 

Steel  Columns.  In  steel  columns  it  is  simpler  to  provide  connections 
between  the  rcinforcingjrods  and  the  steel  shapes  of  the  columns.  When  the 
reinforcement  does  not  go  through  the  columns,  some  rods  should  be  placed 
out»de  of  them  to  tie  as  much  as  possible  the  concrete  on  one  side  to  that  on 
the  other. 

Eccentric  Loads.  Bending  stresses  due  to  lateral  and  eccentric  loads 
must  be  computed  so  that  the  combined  direct  and  bending  stress  does  not 
exceed  the  allowable  maximum  stress  for  axial  compression.  Formulas  for 
eccentric  k)ading  on  colunms  are  given  in  Chapter  XIV,  pages  453  and  486. 

Concrete  Walls.  Concrete  walls  are  generally  considered  better  than 
brick  or  stone  walls.  If  not  reinforced  they  are  generally  required  to  be  of 
tiie  same  thickness,  for  given  conditions,  as  brick  walls.    Under  such  circum- 
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stances  they  are  not  as  economical  as  brick  walla.  If  reinforced  and  used  as 
bearing-walls,  they  can  be  reduced  to  about  two-thirds  the  thickness  of  brick 
walls,  provided,  however,  that  the  load  on  the  concrete  does  not  exceed  the  safe 
load  per  square  inch  permitted  on  reinforced  columns.  The  ratio  of  unsupported 
height  to  thickness  should  not  exceed  that  fixed  for  columns.  For  ^landrel- 
walls,  supported  entirely  on  girders,  the  minimum  thickness  should  be  6  in. 
Such  walls  should  be  reinforced  with  not  less  than  H  lb  of  steel  per  square  foot 
of  wall,  in  the  form  of  rods  placed  vertically  and,  less  frequently,  horiaontaUy. 

Reiaforced-Cottcrete  Footings.  (See,  also,  pages  i86,  22$  and  226.)  The 
principles  underlying  the  design  and  construction  of  reinforced-concrete  footings 
are  the  same  as  those  applied  to  other  t)rpes  of  footings*  In  wall,  pier  or 
column-footings  the  overhang  or  off-set  must  be  considered  as  an  in\'EKTCO 
CAiniLEVER  k>aded  uniformly  with  a  load  per  square  foot  equal  to  the  load  per 
square  foot  imposed  on  the  underlying  soil.  The  rdnfordng-rods  will  then  nec- 
essarily be  placed  near  the  lower  surface  of  the  footing  and  the  size  and  number 
determined  by  formulas  given  on  page  929.  A  detail  often  overlooked  m  rein- 
forced-concrete  footings  is  the  tendency  to  shear  at  the  edge  of  the  wall,  pier 
or  column  supported.  When  footings  would  otherwise  become  very  eccentsic; 
cantilevers  should  be  resorted  to,  the  same  as  for  steel  construction.  (See 
pages  165  to  169  and  978  to  982.)  The  maximum  bending  moment  on  the  can- 
tilever is  determined  and  the  concrete  girders  designed  as  described  on  page  929. 
Steel  in  footings  should  be  protected  by  at  least  4  in  of  concrete. 

Economy  of  Reinforced-Concrete  Footings.  Great  economy  over  sted- 
grillage  or  other  types  of  footings  may  often  be  effected  by  the  use  of  kein- 
FORCED-CONCRETE  FOOTINGS.  The  cost  of  the  latter  type  will  vary  from  ao  to 
40%  of  the  cost  of  a  corresponding  steel-grillage  footing.  This  difference 
is  easily  accounted  for.  The  amount  of  excavation  for  the  reinforced  footing  is 
generally  much  less  than  for  the  steel  grillage.  A  smaller  amount  of  concrete 
is  used,  and  this  concrete  is  considered  in  the  calculations  for  strength;  whereas 
in  the  steel  grillage,  the  concrete  is  chiefly  provided  for  incasing  and  protecting 
the  steel.  The  amount  of  steel  is  much  less,  being  used  only  to  suppl^  the  ten- 
sional  resistance  of  the  construction,  the  compressive  strength  being  supptied 
by  the  much  cheaper  material,  concrete.  Incidentally,  the  protection  ol  the 
steel  in  the  reinforced  footing  is  generally  more  certain  than  in  the  sted-griUage 
footing. 

Concrete  Piles.  Concrete  piles  are  diacuased  m  (Chapter  II,  ptges  196  to 
200  and  some  of  the  types  are  there  described. 

Connections  in  Reinf  Orced-Concrete  Construction.  Much  good  judgment 
can  be  displayed  and  must  be  exerdsed  m  the  design  of  the  details  in  these 
connections.  The  great  value  of  reinforced-concrete  oonstruction  over  other 
types  is  the  ix>ssibiUty  of  securing  great  rigidity.  This  can  only  be  attained 
when  the  result  is  as  nearly  monolithic  as  possible.  We  then  have  mass  to 
take  up  vibration  and  this  advantage,  in  the  case  of  workshops  or  factories  in 
which  there  is  machinery,  is  readily  seen.  The  rdnforced-concrete  buildings 
that  came  through  the  severe  San  Fmnsdsco  earthquake  in  May,  1906,  in  good 
condition,  were  those  in  which  attention  had  been  given  to  the  details  and  con- 
nections. To  secure  a  monolithic  character  requires  continuity  not  on?y  hi  the 
concrete,  but  also  in  the  reinforcement.  This  often  means  that  there  is  a  net- 
work of  steel  at  the  connections.  If  this  is  carried  to  excess,  the  bond  and  con- 
tinuity of  the  concrete  is  apt  to  be  broken,  even  when  the  spaces  between 
the  steel  units  are  thoroughly  filled.  But  when  there  is  such  a  net-work  of  steel 
It  also  ^cts  like  a  sieve  and  the  spaces  are  not  readily  filled.  For  this  reason  it 
is  well  to  use  a  riciier  mixture  at  the  columns  and  to  keep  the  aggregnte  is  «*«b 
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aspoiabk.  The  coonecdoos  of  floor-syston  to  colunms  ore  paiticularly  trouble- 
some in  this  respect,  and  partly  for  this  reason  and  partly  to  provide  rigidity, 
bradcets  should  be  provided  under  the  girders  at  the  columns  with  metal  rein> 
forcement  near  the  inclined  surfaces  of  the  bracket. 

Relnf orced-Concrete  Stairs.*  Some  of  the  most  interesting  work  that  has 
been  done  hi  reinforced  concrete  has  been  the  construction  of  stairs.  The  rein- 
forcement, being  in  the  fonn  of  comparatively  small,  limber  bars,  can  be  adapted 
to  almost  any  shape  for  which  molds  can  be  constructed,  and  when  a  wet,  rich 
concrete  with  small  aggregate  is  used,  little  or  no  difficulty  need  be  experienced 
m  casting.  As  an  example  of  such  work,  the  stairs  in  the  residence  of  G.  W. 
Vanderbilt,  in  New  York  City,  may  be  dted.  When  these  stairs  were  five 
weeks  old  a  test  of  their  strength  was  made,  without  distress,  by  droppmg  a 
bundle  of  four  bags  of  cement,  weighing  about  380  lb,  from  the  floor  above  to 
the  intermediate  platform,  a  dbtance  of  1 1  f L    No  injurious  effects  were  noticed.! 

4.  Types  of  Reinforced-Concretet  Construction 

Ifin-Constniction.  In  localities  where  the  cost  of  labor  is  high  and  where 
the  conditions  cause  more  or  less  congestion,  it  is  probably  more  economical  to 
use  brick  instead  of  concrete  for  the  walls.  In  such  cases  the  type  of  construe^ 
tion  is  similar  to  ordinary  mill-construction.  Provision  must  be  made  to  an- 
chor the  beams  and  girders,  and  this  can  be  done  by  bending  the  ends  of  the 
reinfordng-rods  so  that  they  will  extend  horizontally  into  the  walls  on  each  side. 

SkateCon  Coiurtruction.  The  skeleton  type  of  construction  seems  to  be 
the  form  best  adapted  to  reinforced  concrete.  A  framework  of  columns,  girders, 
beams  and  flooring  is  built,  as  in  steel  construction,  the  wall-girders  and  columns, 
of  course,  being'  designed  to  carry  the  weights  of  the  outside  walls  as  well  as 
that  part  of  the  floor-loads  and  live  loads  which  comes  on  them.  The  work,  in 
this  type  of  construction,  can  generally  progress  more  steadily  than  in  the  mill- 
cx>NSTaucTiON  siuoe  the  concrete  work  need  not  be  stopped  at  any  time  to  wait 
for  the  brickwork  to  be  carried  up,  if  brick  is  used  for  the  walls.  In  the  skele- 
ton CONSTRUCTION  any  tjrpe  of  outside  wall  may  be  used;  brick,  concrete,  tile, 
etc  In  some  cases  the  panels  are  simply  filled  m  with  brickwork,  8  or  12  in 
thick,  leaving  the  concrete^  columns  and  girders  showing  between  the  brick 
paneb.  For  walls  situated  on  property-lines  where  adjoining  buildings  are  likely 
to  be  erected,  this  is  not  objectionable.  If  the  wall  remains  exposed  and  a  good 
appearance  is  a  consideratifm,  the  columns  and  girders  can  be  treated  architec- 
turally to  set  off  the  brickwork;  or  the  brickwork  may  be  continued  as  a  fadng 
over  the  outside  of  the  columns  and  girders.  Thb  was  done  in  the  Bush  Termi- 
nal Warehouses^  Borough  of  Brooklsm,  New  York  City.|  To  thoroughly  secure 
this  brick  fadng,  galvanized  anchors  were  placed  in  the  concrete  columns  and 
girdera  as  they  were  erected,  projected  suffidently  to  bond  into  the  brick  joints. 
In  usnig  concrete  for  the  panels  the  sides  of  the  columns  are  cast  with  pockets, 
grooves^  or  recesses  to  reodve  the  panels,  which,  as  in  the  case  of  brickwork,  are 
most  satisfactorily  and  most  economically  built  after  the  removal  of  the  molds 
from  the  skeleton  frame.  In  the  Marlborough-Blenhdm  Hotel,  at  Atlantic 
City,  N.  J.,  the  panels  are  filled  in  with  hard-burned  terra-cotta  tiles  and  a  stucco 
applied  on  the  outside.    This  makes  a  comparatively  light  construction  and 

*  See,  also,  pages  905  and  983. 

'  t  For  a  detailed  description,  see  "Cement."  Jan.,  1904,  and  Engineering  Record,  Dec. 
X  2,  1903.    For  other  examples  of  stair-woik,  sec  Engineering  News,  June  30, 1904. 
t  See,  abo.  Chapter  XXV. 
§  For  a  description  of  this  building,  see  Engineering  Recoid,  Uaidi  3, 1906. 
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affords  good  insulation.  The  particular  advantage  in  the  skeleton  type  of 
coQstniction,  especially  for  workshops  and  factories,  is  the  possibility  of  large 
window-areas  affording  light  and  ventilation. 

System  M.    A  type  of  construction  known  as  System  M  has  been  developed 
by  the  Standard  Concrete  .Company  of  New  York  Gty  (Fig.  22).    It  consists 


Fig.  22.    System  M  Type  of  Reinforced-concrete  Construction 

of  a 'light  steel  skeleton  frame  designed  to  carry  the  dead  load  of  the  entire 
structure,  except  that  the  colunms  are  designed  to  cany  the  gross  loads.  The 
structure  is  incased  in  concrete  making  ultimately  a  reinforced-concrcte  construc- 
tion.* Its  advantage  consists  in  its  adaptation  to  the  erection  and  inspection  of 
the  steel  reinforcement  before  even  the  centers  or  molds  are  placed  in  position. 
Under  congested  conditions,  such  as  prevail  in  large  dties,  it  is  a  rapid  form  of 
construction.  The  use  of  the  steel  in  this  type  is,  however,  not  economical. 
In  order  to  get  the  necessary  strength  in  the  steel  framework, 'shapes  must  be 
used  which  do  not  offer  the  amount  of  adhesion  that  should  result  from  the 
amount  of  metal  used.  Furthermore  such  shapes  must  necessarily  be  subjected 
to  some  bending  which  tends  to  break  the  bond  between  concrete  and  steel. 
Flat-Slab  Construction,  f  In  this  form  of  construction  beams  and  girders 
are  eliminated,  almost  completely  if  not  entirely,  and  the  slab  is  made  to  ret 
directly  on  the  columns;  the  top>s  of  the  colunms  are  enlarged  into  extended  caps. 
This  system  of  construction  employs  a  shallower  floor-construction  than  is  ordi- 
narily attainable.  The  floor-centering,  too,  for  purposes  of  erection,  is  somewhat 
simpler,  especially  in  those  forms  of  slabs  in  which  the  lower  surface  is  all  in  one 
plane.  "At  present,  a  considerable  difference  of  opinion  exists  among  engineers 
as  to  the  formuls  and  constants  which  should  be  used,  but  experience  and 
•  tests  are  accumulating  data  which  it  is  hoped  will  in  the  near  future  permit 
the  formulation  of  the  principles  of  design  for  this  form  of  construction."! 
There  are  in  use  at  present  four  principal  types,  on  all  of  which  patent  rights 
are  claimed.  In  two  of  these  the  reinforcement,  spoken  of  as  four-way  rfin- 
FORCEiCENT,  is  placed  and  run  from  colunm  to  colunm,  parallel  with  the  sides  of 
the  slabs  and  diagonally  across  each  slab.  The  other  two  types  have  the  rein- 
forcement, known  as  two-way  seinforcsement,  running  parallel  with  the  sides 
only  of  the  slabs. 

The  oldest  of  the  flat-slab  construction,  a  four-way  system,  is  the  one  known 
as  Mushroom  construction,!  invented  and  controlled  by  C.  A.  P.  Turner,  of 

*  For  fuller  descriptions,  sec  Engineering  News,  April  35, 1907,  and  Engineering  Record. 
June  22,  Z907. 

t  Sec,  also,  Girderless  Floors,  Chapter  XXV,  page  993- 
±  Proc.  Am.  Soc.  C.  E.,  Vol.  XXXIX,  page  148. 
§  Engineering  News,  Vol.  6x,  page  178. 
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Mimieapolis,  Minn.  The  striking  and  essential  feature  which  gives  the  system 
its  name  is  the  gradual  spreading  out  of  the  column  at  the  top  to  form  a  cap. 
the  diameter  of  which  b  seven-sixteenths  of  the  sum  of  the  distances  between 
columns  in  the  direction  of  the  sides  of  the  slab.  The  longitudinal  column- 
reinforcement  is  bent  to  follow  the  curved  outer  surface  of  the  cap,  and  the  cap 
b  reinforced  both  radially  and  circumferentially.  The  slab-rdnforcement  b 
placed  at  the  top  of  the  slab  over  the  columns  and  allowed  to  sag  to  a  catenary 
curve  with  the  low  point  near  the  bottom  of  the  slab  at  the  middle  of  the  span. 
The  thirkness  of  the  slab  varies  from  Vi»  to  Ho  of  the  shorter  dbtance  between 
the  oohimn-centering. 

The  CantileTer  Flat  Slab,  controlled  by  the  Concrete  Products  Company, 
Chicago,  HI.,  b  the  second  of  the  four-way  keinforcement-systems.  It 
differs  from  the  one  described  in  the  precedmg  paragraph  mamly  in  the  con- 
struction of  the  oolimm-cap.  The  colimm-bars  are  not  bent  to  the  shape  of  the 
cap  but  continue  up  straight.  The  horizontal  cap-reinforcement  is  provided  by 
a  shop-made  frame  of  radial  bars,  held  together  by  a  Diamond  Bar  which  is  in- 
tended to  resbt  the  circumferential  stresses.  The  diameter  of  the  cap  b  about 
tio  the  span  and  the  thickness  of  the  slab  about  H»  the  span.  The  two 
TWO-WAY  REiNFORCEiCENT-SYSTEiis  are  the  Akme  System,  controlled  by  T.  A. 
Condron,  Chicago,  HI.,  and  the  Corr-Plate  Floor  System,  controlled  by  the  Cor- 
rugated Bar  Company,  New  York  City  and  Buffalo,  N.  Y.  The  thickness  of 
slab  b  generally  about  Hi  the  span.  Whenever  necessary  to  provide  for  large 
shearing-stresses  and  bending-stresses  around  the  colimm  the  slab  is  increased  in 
thickness  at  that  point,  forming,  in  appearance,  an  extended  cap  at  the  column- 


Fig.  23.    The  Kahn  Tile  and  Rdnforced^concrete  System 

bead.  In  the  Akme  System  the  reinforcement  is  concentrated  over  the  column- 
caps,  resulting  practically  in  broad,  flat  girders  of  the  width  of  the  caps,  the 
smaller  slab  enclosed  by  four  broad  girders  being  reinforced  in  two  directions. 
In  the  Corr-Plate  Floor  System  the  reinforcement  is  distributed  across  the  entire 
slab,  the  rods  being  spaced  imevenly  to  resbt.  the  varying  stresses  as  predeter- 
mined, unevenly  spaced  rods  being  placed  to  resbt  the  varying  stresses  in  the 
slab  as  predetermined  by  experiment. 

Kahn  HoUow-Tile  and  Reinforced-Concrete  Conatruction.  In  seekmg 
to  minimize  the  cost  of  centering,  the  floor-construction  shown  in  Fig.  23  has 
been  devised.  It  consbts  of  a  series  of  reinforced-concrete  beams  with  clear 
spaces  between  them  of  the  width  of  the  hoUow-tile  blocks.  In  erection,  a  flat 
centering  b  used,  which,  however,  need  not  even  be  continuous.    Planks,  a  few 
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inches  wider  than  the  concrete  beams,  are  placed  under  the  spaces  to  be  fille 
by  the  beams,  and  the  tiles  are  laid  in  rows  and  supported  along  their  edi^es  hj 
the  planks,  thus  forming  the  sides  of  the  molds  for  the  beams.  The  reiAforoe 
ment  is  placed  and  the  concrete  poured,  with  or  without  floor-plates,  as  the  neoes 
sides  of  the  case  may  require.  Care  must  be  taken  in  pouring  the  concrctt 
that  the  tiles  are  not  displaced  sidewise.  The  tiles  should  fit  closely  at  thei 
joints  otherwise  the  finer  particles  of  the  concrete  are  liable  to  flow  into  them 
cither  making  the  concrete  porous  or  requiring  more  cement  and  sand  than  i; 
necessary.  This  form  of  construction,  besides  being  economical  in  centering 
offers  the  advantages  of  a  flat  ceiling  without  the  application  of  lath  and,  ir 
roof-construction  particularly,  of  freedom  from  condensation. 

Tbe  Floretyle  Syttems.    A  floor-construction  similar  to  the  hoUow-tik 
construction  just  described  has  been  devised  by  the  Trussed  Concrete  Stee 


Fig.  24.    The  Fabcr  Two-way  Tile  and  Rcinforced-concretc  System 

Company  of  Detroit,  Mich.,  in  which  steel  forms,  called  Floret>'les,  replace  the 
bottom  blocks.  The  advantages  claimed  over  the  terra-cotta  tile  s>'5tenis  arc 
lighter  weight  of  construction,  larger  covering  capacity  and  greater  economy  in 
centering.  The  Fbretyles  are  furnished  in  lengths  of  3  and  4  ft  and  fai  depths 
of  6,  8,  10  and  12  in.  The  width  at  the  base  is,  in  all  cases,  21  in,  with  the  sides 
tapering  at  an  angle  of  7'  30'.  They  are  furnished  in  two  tjrpes,  either  with 
serrated  edges  for  use  with  the  company's  Hy-rib  lath  for  ceilings,  or  with  straight 
edges  for  use  where  paneled  ceilings  are  required. 

Two- Way  Tile   Systems.    The  same  principle  of  construction  as  m  the 
systems  just  described  is  involved  in  the  Faber  Construction  CFig.  24),  patented 
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and  intnxluced  from  abroad  where  it  has  been  used  extensively.  In  this  case, 
however,  the  floor  is  reinforced  in  both  directions  and  the  strength  calculated 
for  a  slab  supported  on  four  sides.  (See  page  940.)  The  concrete  is  a  rich 
mixture  of  one  part  Portland  cement  and  three  parts  sand.  It  is  prevented 
from  running  into  the  hollow  spaces  of  the  tile  by  the  use  of  the  cardboard 
tubes  as  shown.  The  tiles  are  of  heavier  construction  than  the  ordinary  com- 
merdal  tiles,  and  are  used  in  part  in  figuring  the  resistance  to  compression. 
Another  type  of  combined  terra-ootta  tile  and  concrete  floor-construction, 
with  TWO-WAY  itEiNi-ORCEiCENT,  is  erected  by  the  Corrugated  Bar  Company  of 
New  York  City  and  Buffalo,  N.Y.,  under  the  Burchartz  patents.  Three 
systems  are  installed:  System  A,  employing  alternate  flanged  blocks  and  channel- 
tiles;  System  B,  using  the  standard  floor-tiles  with  rectangular  spacing  or 
soffit-pieces;  and  System  C,  combining  standard  floor-blocks  and  special  anglo- 
tiks.  In  the  Fl«redome  construction,  put  on  the  market  by  the  Trussed  Concrete 
Steel  Company,  Detroit,  Mich.,  the  tile  spacing-blocks  are  replaced  by  rectan- 
gular dome-shaped  steel  forms  with  the  under  side  open.  Lightness  in  floor- 
weight,  ease  and  rapidity  of  installation  and  no  breakages  are  the  advantages 
claimed.  The  ceiling-treatment  in  this  construction  is  similar  to  that  in  the 
Floretyle  system.  The  base  of  the  domes  is  uniformly  8 1.5  in  square;  the  depth 
varies,  being  6,  8,  10,  or  12  in. 

Strength  of  Combination-Systems.  While  the  tiles  may  under  favorable 
conditions  add  to  the  strength  of  the  combined  floor-construction,  the  chances 
of  unsatisfactory  workmanship  are  too  great  to  consider  them  in  the  calculations 
for  strength.  In  the  floors  reinforced  in  one  direction,  the  construction  should 
be  treated  as  a  series  of  either  rectangular  beams  or  T  beams,  a.s  the  concrete 
extends  either  to  or  above  the  top  face  of  the  riles.  The  twO-way  REnrrORCKD 
coNSTRDcnoN  sbould  be  similarly  treated,  either  as  a  series  of  intersecting 
bea2iis  or  as  a  slab  supported  on  four  sides.  If  the  construction  is  to  be  treated 
as  a  aeries  of  T  beams  or  as  a  slab,  the  concrete  should  extend  at  least  aH  in  above 
the  top  surface  of  the  slab  and  the  tiles  or  fillers  should  not  exceed  60%  of  the 
volume  of  the  oonstructioo. 

Separately-Molded  Constnsctlon.  The  unit  or  separately-icoldbd  con- 
sravcnati  consists  of  precast  reinforced-concrete  members,  coI\mins,  girders, 
beams,  or  slabs,  either  molded  at  the  site  of  the  building  or  made  at  the  factory 
and  shipped  to  the  site  ready  for  use.  The  various  systems  of  fire-pioof  floor- 
miits  described  on  pages  859  to  86a,  may  be  combined  with  columns  and  girders 
of  similar  construcrion  to  form  the  entire  structure,  each  member  bejng  cast 
on  the  ground,  swung  into  place  and  fitted  together  in  the  structure  by  inter- 
kxJcing  reinforcement  and  poured  grouting.  Great  economy  is  clauned  for  this 
method  of  erection  on  account  of  the  saving  of  forms.  The  disadvantage  of 
such  a  system,  however,  appears  to  lie  in  the  lack  of  suflldent  rigidity  in  tall 
separately-molded  imit  structures.  All  floor-members  must  be  designed  and 
cast  as  simple,  non-continuous  units  with  the  reinforcement  left  projecting 
at  both  ends  to  serve  for  tying  the  structure  together.  These  junctures  are 
made,  after  the  units  are  hoisted  into  place  and  supported  by  a  pouting  of  rich 
concrete.  For  tall  structures  it  is  more  feasible  to  erect  a  light  structural-steel 
frame  and  employ  the  precast  floor-units  only.  (See  Chapter  XXIII,  pa^e  859-) 
The  saving  in  cost  is  noted  parricularly  in  low  buildings,  and  more  especially 
in  ooe-stozy  structures,*  such  buildings  having  been  erected  at  a  saving  of  from 
ro  to  ao%  over  monoutsic  construction.  Methods  of  interlocking  the  units 
and  providing  satisfactory  details  are  constantly  being  improved  and  a  series  of 

*  Eaginecraig  Record,  Vol.  60,  page  643;  Eogineerins  News,  Vd.  58,  page  s;  Pro- 
ccediogs,  Natioiial  Asbo.  Cement  Usvrs.  191a,  page  391. 
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tests  of  the  efficiency  of  such  connections  is  being  carried  on  by  the  Unit  Con- 
struction Company  of  St.  Louis,  Mo.  There  are  under  construction,  or  already 
completed,  many  buildings  of  this  type  installed  by  the  above  company,  in- 
cluding five-story  buildings  for  the  National  Lead  Company,  at  St.  Louis,  Mo., 
Kansas  City,  Mo.,  and  Pittsburgh,  Pa.,  a  three-stoiy  building  for  the  Ohio 
Cultivator  Company,  at  Belleville,  Ohio,  five  acres  of  car-bams  at  Philaddpfaia, 
Pa.,  and  approximately  thirteen  and  one-half  acres  of  cotton-warehouses  at 
Memphis,  Tenn.  The  Ransome  Engineering  Company  of  New  York  City  has 
erected  five-story  and  six-story  buildings  with  its  Unit  system  in  Boston,  Mass. 
A  modification  of  the  Siegwart  system  is  being  xised  for  two-stoiy  and  three- 
story  dwellings  at  Forest  HlUs,  L.  I.,  by  the  Sage  Foundation  Company  and  the 
Vaughan  system  is  being  used  at  Detroit,  Mich.,  and  throughout  the  Middle 
West.    (See  page  86i.) 

6.  Fire-Resistance  of  Reinforced-Concrete  Constmction 

If on-Conductivity  of  Reinforced  Concrete.  Concrete  is  a  poor  conductor 
of  heat  and  in  this  fact  lies  whatever  virtue  it  has  as  a  fire-proof  material.*  A 
series  of  tests  made  by  Professor  Woolson  of  Columbia  University,  New  York 
City,  and  reported  at  the  1907  meeting  of  the  Amerdan  Society  for  Testing  Mate- 
rials, shows  the  following  results: 

(i)  "That  all  concrete  mixtures  when  heated  throughout  to  a  temperature 
of  1 000"  to  I  500"  F.  will  lose  a  large  proportion  of  their  strength  and  elasticity, 
and  that  this  fact  must  be  well  remembered  in  designing. " 

(2)  "That  all  concretes  have  a  very  low  thennal  conductivity,  and  therein 
lies  their  well  known  heat  resisting  properties. " 

(3)  "That  as  a  result  of  this  low  thermal  conductivity,  two  to  two  and  one- 
haJd  inches  of  concrete  covering  will  protect  reinforcing  metal  from  injurious 
heat  for  the  period  of  any  ordinaiy  conflagration  (provided,  of  course,  that  the 
concrete  stays  in  place  during  the  fire)." 

(4)  "That  reinforcing  metal  exposed  to  the  fire  will  not  convey  by  conduc- 
tivity an  injurious  amount  of  heat  to  the  embedded  portion. " 

(5)  "That  the  gravel  concrete  was  not  a  reliable  or  safe  fire-resisting  aggre- 
gate." f 

Loss  of  Strength  of  'Reinforced  Concrete.  If  its  NON-coNDUcnvnY  were 
all  that  is  involved  in  the  fire-proof  character  of  concrete,  the  minimum  thick- 
ness required  for  the  protection  '^of  the  steel  could  be  eaaly  determined.  But 
the  STRENGTH  of  the  concrete  is  more  or  less  affected  when  exposed  to  extreme 
heat.  An  effort  has  been  made  to  determine  this  effect  and  a  summary  |  of  the 
results  as  reported  by  Professor  Woolson  of  Columbia  University,  New  York 
City,  is  given  in  Tables  XU  and  XIII. 

Rre-Tests  on  Reinforced  Concrete.  The  effect  of  fike  on  reinforced 
concrete  has  been  studied  in  a  number  of  tests  made  by  the  building  authorities 
of  New  York  City  and  Philadelphia,  and  in  some  of  the  recent  conflagrations  in 
the  country,  notably  at  San  Francisco.  The  tests  to  which  the  sample  full-size 
constructions  have  been  subjected  are  described  in  Chapter  XXIII,  page  827,  but 
in  the  tests  mentioned  m  this  paragraph  there  was  no  limitation  as  to  span  or 

*  It  must  be  remembered  that  in  this  and  suooeeding  paragraphs  on  the  fire^ieiistiDr 
properties  of  concrete;  only  such  material  as  is  used  in  reinforced  concrete*is  ooondeicd. 
The  value  of  dnder  concrete  as  a  fire-proof  material  is  di»cuwed  in  Chapter  XXUI,  pa«t 
818. 

t  Engineering  News,  Aug.  15, 1907,  page  z68. 

%  Proc.  Am.  Soc.  for  Test.  Mats.,  Vol.  VI,  page  433- 
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Of  the  nineteen  tests  made  under  the  auspices  stated,  seven  were  fail- 
the  others  passed,  showing  more  or  leas  satisfactory  conditions.* 


Table  Xn.    Tests  of  Concrete  Blocks  Heated  on  All  Sides  f 

Specimens,  6  by  6  by  14-tn  prisms;  pr(n>ortioas  1:2:4 

Age  2  months;  temperature  1500*  P. 


Treatment 

Aggregate 

Limestone 

Trap-rock 

Cinder 

Gravel 

Modtdus  of  elasticity. 

At  200  lb  per «q  in: 

TTnhmted 

6  000  000 
200  000 

3430  000 
150000 
129000 

4355000 
222000 
188000 

4355000 
348000 

3140 

1400 

997 

1090000 
49500 
571000 

960000 

8  000  000 

Heated  3  hours 

Heated  5  hours 

At  400  lb  per  sq  in: 
Unheatfd 

6  000  000 
285000 

6887000 

Heated  2  hours 

Heated  5  hours 

At  800  lb  per  sq  in: 
Unhealed 

5647000 
425000 

2740 

1345 

870 

915000 

6000000 

Heated  3  hours 

Brealdng-load  in  lb  per  sq  in: 
Unheated 

1400 
547 
504 

2780 

Heated  3  hours 

Heated  s  hours 

Table  Xm.    Concrete  Blocks  Heated  on  One  Face  Only  t 

Specimens,  6  by  6  by  X4-in  prisms;  proportions  1:2:4 
Age  2  Months;    temperature  i  500**  P. 


Treatment 

Aggregate 

Limestone 

Trap-rock 

Modulus  of  elasticity,  heated  5  hours: 
At  200  lb  per  sq  in 

293400 

521  700 

730700 

1840 

200000 

268000 

379  000 

X70S 

At  400  lb  per  sq  in 

At  800  lb  per  sq  in 

Breaking'-load  in  lb  per  sq  in 

The  conclusion,  from  a  study  of  the  tests  in  detail,!  shows  that  to  a  depth 
averagmg  about  t  in  the  concrete  is  seriously  impaired  and  easily  washed  off  by  a 
hose-stream  applied  to  the  surface.  Any  stone  containing  an  appreciable  per- 
centage of  carbonate  of  Hme  will  calcine  and  cause  failure.    Where  the  con- 

*  For  a  partial  list  of  these  tests,  see  Table  in  Proc.  Am.  Soc.  for  Test.  Mats.,  Vol.  VI, 
page  za8.    Several  tests  have  been  made  since  that  report  was  submitted. 

t  Proc  Am.  Soc  Test.  Mats.,  Vd.  VI.  page  446. 

i  Proc.  Am.  Soc  for  Test.  Mats.,  VoI.J^VI,  page  448. 

I  The  detailed  reports  are  on  file  in  the  Bureau  of  Buildings,  Borough  of  Manhattan, 
NewYock. 
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■tmcdon  ib  poorly  designed,  allowing  an  excessive  deflectioo,  the  fine  cracks 
in  the  concrete  bdow  the  steel  will  open  to  such  an  extent  as  to  allow  the  heat 
to  reach  the  metal  reinforcements.  When  the  reinforcement  is  such  as  to 
produce  a  plane  of  weakness  in  the  concrete  there  is  liable  to  be  a  flaking  off  of 
the  concrete  and  a  consequent  exposure  of  the  metal. 

Actual  Fire-Tests  of  Reinforced  Concrete.  The  earliest  test  of  a  re- 
inforced-concrete  building  in  an  actual  fire  occurred  in  1902,  in  the  four-story 
factory  of  the  Pacific  Coast  Borax  Company,  at  Bayonne,  N.  J.  The  roof  of 
this  building  was  of  wood,  and  with  the  contents  of  the  building,  was  destroyed 
by  the  fire.  The  only  damage  Offered  was  a  break  in  the  top  floor  caused  by 
the  fall  of  a  heavy  tank  that  had  been  supported  by  the  roof.  At  the  same 
time  an  adjoining  building  constructed  with  unprotected  steel  posts  and  beams 
was  twisted  into  a  tangled  mass  ol  metal. 

Tests  in  the  Baltimore  Fire.  In  the  Baltimore  fire  there  was  but  one  re- 
inforced-concrete  building  of  the  three  exposed  to  the  fire,  from  which  say  fair 
conclusion  can  be  drawn.  In  one  of  the  buildings,  the  concrete  construction 
was  entirely  destroyed,  but  this  was  probably  due  to  the  falling  walls  and  the 
failure  of  other  non-fire-proof  parts.  In  a  second  building,  the  heavy  rein- 
forced-concrete  floor  of  a  banking-room  came  out  practically  unharmet!;  but  it 
was  not  exposed  to  severe  fire.  The  third  structure  was,  however,  exposed  to 
severe  fire.  The  contents  of  the  building  were  destroyed  and  a  large  part  of  the 
.outside  brick  walls  fell.  The  floors,  five  in  number,  were  all  of  reinforced  con- 
crete supported  on  concrete  columns,  having  replaced  an  old  wooden-joist  con- 
struction. A  test  made  after  the  fire  showed  that  the  floors  were  still  strong 
enough  to  sustain  the  loads  for  which  they  were  designed,  although  the  floor- 
slabs  were  cracked.  The  girders  were  cracked  k>ngitudinally  near  the  Imes  of 
the  reinforcement,  and  the  columns  were  spalled  to  such  an  extent  as  to  expose 
most  of  the  reinforcement.  It  would  have  been  diflicult  to  restore  the  building 
so  that  it  would  resist  another  such  attack.* 

Tests  in  the  San  Francisco  Fire.  The  effects  of  the  fire  on  concrete 
construction  in  the  conflagration  immediately  following  the  San  Frandsco  earth- 
quake in  1906  are  sunmied  up  in  the  following  paragraph  from  the  report  of  a 
committee  of  engineers  that  investigated  the  subject,  f 

"Concrete  floors  generally  had  hung  ceilings,  and,  where  thus  protected,  were 
uninjured.  Where  exposed,  the  concrete  is  in  most  cases  destroyed,  for  instance, 
in  the  Sloan,  Rialto,  and  the  Aronson  Buildings,  and  the  Crocker  WarehouKe. 
The  concrete  is  dry,  and  while  in  many  cases  hard,  yet  all  the  water  has  been 
burned  out  and  it  may  be  said  to  be  destroyed,  even  if  able  to  support  weights. 
Floor  coverings  of  wood  invariably  burned,  adding  to  the  destruction.  Sleepers 
were  generally  burned.  Surfaces  of  cement  mortar  fared  much  better,  the  lino- 
leum covering  remaining  practically  intact.  '*  t 

In  discussing  the  report,  Mr.  A.  L.  A.  Himmelwright,  who  made  a  personal 
inspection  of  the  ruins,  concludes  that  reinforced  concrete  is  inferior  as  a  fire- 
resisting  construction  to  any  form  of  steel  construction  with  concrete  floors  and 
concrete  column  and  girder-protection,  but  superior  to  steel  construction  with 
terra-cotta  floor  and  terra-ootta  column  and  girder-protection.  "Where  this 
method  was  used,  a  very  slight  attack  of  fire  was  generally  sufficient  to  cause  the 
rupture  of  the  concrete  underneath  the  reinforcing-metal,  so  that  it  fell  away, 

*  Captain  Sewell  in  his  report  on  this  building  draws  a  different  conclasioa.    See 
Engineering  News,  March  34.  1904,  page  376. 
t  Qaoted  verbatim  et  literatim.    £ditor-in-chiaf . 
X  Proc  Am.  Soc.  C.  £.,  March,  2907,  page  J30. 
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exposiiictlienietftl.    Thtfre  were  oompantively  few  buildings,  however,  in  wliic^ 
this  method  of  oonstructioa  was  eaed."  * 

Thickneee  of  Conerete  Required.  From  a  study  of  the  tests  and  fires  }ust 
referred  to,  the  fair  condusions  as  to  the  amount  of  protection  against  fire 
would  seem  to  be  as  follows:  (x)  in  all  columns  and  In  large  and  important 
girders^  trusses  or  other  supports,  at  least  2  in  of  concrete  outside  of  all  reinforce- 
ments; (a)  hi  girders  and  beams  and  in  slabs  of  long  spans,  about  xViiaol  con- 
crete outside  of  all  remforcements;  (3)  m  stair-work,  floor-slabs  of  short  span 
and  walls  and  partitions,  from  H  to  i  m  of  concrete  outside  of  all  reinforcement. 

Flra-Underwrlters'  RequlrementB  lor  Reinforced  Conerete.  The  follow- 
ing provisions  f  are  those  given  m  the  BuUdmg  Code  recommended  by  the 
National  Board  of  Hre  Underwriters.  They  are  generally  considered,  except 
by  underwriters  and  some  fire-engineers,  as  ultraconservative. 

"The  minimum  thickness  of  concrete  surrotmding  and  reinforcing  members 
one-quarter  inch  or  less  hi  diameter  shall  be  one  inch;  and  for  members  heavier 
than  one-quarter  inch  the  minimum  thickness  of  protecting  concrete  shall  be 
four  diameters  takmg  that  diameter,  m  the  event  of  bars  of  other  than  drcukr 
cross-section,  which  lies  in  the  direction  in  which  the  thidcness  of  the  concrete 
is  measured;  but  no  protecting  concrete  need  be  more  than  four  inches  thick 
for  bars  of  any  size;  snd  provided,  further,  that  all  colunms  and  girders  of  rein- 
forced concrete  shall  have  at  least  one  indi  of  material  on  all  exposed  surfaces 
over  and  above  that  required  for  structural  purposes;  and  all  beams  and  floor 
slabs  shall  have  at  least  three-quarters  inch  of  such  surplus  material  for  fire- 
reastmg  purposes,'' 

Other  Forms  of  Protection  for  Reinforced  Concrete.  Because  of  the 
efifects  produced  by  fire  on  reinforced  concrete,  as  above  described,  and  the 
difficulty  of  restoring  the  construction  where  so  affected,  various  suggestions 
have  been  made  to  protect  the  concrete  construction  with  other  materials.  On 
account  of  its  excellent  fire-resisting  qualities  (see  page  818),  cindsx  con- 
cjosnz  naturally  suggests  itsdf.  This  material  is  out  of  the  question  where 
strength,  is  requhred.  But  its  use  may  be  combined  with  that  of  stone  con- 
pxETS,  by  placing  a  suffident  thickness  for  protective  purposes  on  the  outside 
of  the  remforcements  in  columns,  below  the  neutral  axis  in  beams  and  girders  % 
end  en  the  under  surface  of  floor-slabs.  Difficultiea  are  likdy  to  be  encountered, 
however,  m  pladng  two  kmds  of  concrete  in  the  same  mold,  but  these  difficulties 
are  not  insurmountable.  Careful  inspection  is  required  to  see  that  the  poorer 
material  is  not  put  in  place  of  the  stronger.  One  kind  of  concrete  should  follow 
the  other  immediately  in  order  to  secure  a  bond  between  the  two.  This  sug- 
gestion was  satisfactorily  applied  to  the  column-protection  in  th$  Bush  Ter* 
minal  Warehouses  in  the  Borough  of  Brooklyn,  New  York,  serving  at  the  same 
time  another  purpose.  The  steel-wire  wrapping  for  the  columns  was  prepared 
m  sections  a  ft  in  hdgbt.  Metal  lath  with  about  a  H-in  mesh  was  placed 
outaide  the  wrapping  and  secured  to  it.  This  was  then  placed  in  a  cylindrical 
wooden  mold  2  f t  m  height  and  with  a  diameter  4  in  larger  than  the  wrap- 
ping. This  formed  the  inner  side  of  the  mold.  The  space  between  the  wrapping 
and  the  wooden  mold  was  then  filled  with  cinder  concrete.  When  set  and  the 
moki  removed,  the  result  was  a  hollow  cylinder  of  dnder  concrete,  2  in  thick 
and  a  ft  high,  with  the  colunm-wrapping  attached  to  the  inside.  These  cylinders 
i  set  one  over  the  other  in  the  building  till  the  proper  column-height  was 

*  Pioc  Am.  Soc.  C.  E.,  August,  1907.  page  668. 
t  Quoted  reciMtim  ek  litentsm.    fiditoMii-dilef . 
i  Tkass.  Am.  Soc  C.  £.,  Vol.  LVI,  page  384. 
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reached,  such  vertical  rods  as  were  wanted  were  put  in,  and  the  interior  filled 
with  concrete.  Thus  was  produced  a  fire-proof,  wrapped  column  without  the 
expense  and  inconvenience  of  any  column-molds  in  the  building. 

A  form  of  fire-protection,  advocated  by  the  National  Fire  Proofing  Company 
of  Pittsburgh,  Pa.,  is  shown  in  Fig.  25.    Here  colunms,  beams  and  girders  are 


Fig.  25.    Tile  Protection  for  ReiDforced  Concrete 

completely  incased  with  hollow-tile  blocks.  Being  either  laid  in  the  molds 
or  forming  them,  their  rough  and  furrowed  porous  surfaces  cause  them  to  adhere 
fijmly  to  the  concrete.  They  a£ford  as  efficient  protection  here  as  they  do  (or 
steel  colunms,  and  if  destroyed  the  blocks  can  be  replaced. 

C  Protection  Against  Corrosion  in  Reinforced-Concrete  Constmctioa 

Thickness  of  Reinforced  Concrete.  The  thickness  of  concrete  required 
for  protection  against  fire  has  been  found  to  be  also  ample  for  protection  against 
CORROSION.  It  is  well  established  that  steel  embedded  in  neat  cement  will  not 
corrode.  C.  L.  Norton  of  the  Massachusetts  Institute  of  Technology,  Boston, 
Mass.,  draws  the  following  conclusions  from  a  series  of  experiments  made  in 
1902  and  1903.* 

(i)  Steel  embedded  in  neat  cement  is  secure  against  corrosion; 

(2)  Steel  embedded  in  a  dense  concrete  mixture  is  safe  against  corrosion; 

(3)  To  assure  a  thorough  coating  of  the  steel  the  concrete  should  be  mixed 
wet; 

(4)  Porous  concrete  allows  the  admission  of  moisture  and  will  not  protect  the 
steel  thoroughly; 

(s)  A  coating  of  rust  is  not  a  protection  against  further  corrosion,  as  has  been 
sometimes  claimed. 

In  these  experiments  the  steel  was  incased  in  concrete  iH  in  thick  on  all  sides. 
From  this  it  would  appear  that 

*  Reports  Nos.  4  and  9,  Insxirance  Experiment  Station  of  the  Boston  Manu&ctaren 
Mutual  Fire  Insurance  Company. 
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(6)  The  sted  of  reinforced  concrete  is  secure  against  corrosion,  provided  it  is 
thoroughly  embedded  in  concrete^  and 

(7)  A  slight  coating  of  rust  on  the  sted,  where  embedded,  does  no  harm, 
as  the  oemeat  is  strongly  alkaline  and  will  counteract  the  addity  of  the  iron 
oxide  and  prevent  further  corrosion. 

"In  practical  design  the  most  important  question  which  arises  is  how  far 
a  concrete  may  be  cracked  (due  to  bending  of  beams)  without  exposing  the  steel 
to  corrosive  influences.  In  this  respect  it  seems  to  the  writer  that  the  minute 
cracks  which  appear  in  the  early  states  of  the  tests  can  have  veiy  little  in- 
fluence. "  *  This  means  that  within  the  safe  working  limits,  there  is  no  danger 
from  corrosion  on  account  of  the  fine  cracks  due  to  tension  in  beams  and  girders. 

Corrosion  of  Steel  in  Cinder  Concrete.  Cases  are  on  record  of  serious 
COKSOSION  OF  STEEL  embedded  in  cinder  concrete.  In  a  report  to  the  Struc- 
tural Association  of  San  Francisco,  Cal.,  t  the  committee  investigating  the  sub- 
ject states  that  in  cinder  concrete  "the  extent  of  the  corrosion  is  great  enough 
to  seriously  endanger  the  safety  of  the  floors,  and  it  is  not  probable  that  the 
floors  would  have  supported  their  loads  more  than  one  to  three  years  longer." 
The  oonunittee  recommended  "that  the  Structural  Association  try  to  amend 
the  present  building  law  so  as  to  exdude  the  use  of  cinder  concrete  in  floor- 
slabs  or  for  fireproofing." 

Mr.  William  H.  Fox  in  his  investigations  X  on  this  same  subject  finds  that 
"after  about  forty  days*  treatment,  the  spedmens  were  broken,  and  the  steel 
carefully  examined  for  corrosion.  With  but  one  exception,  one  or  more  of  the 
three  steel  pieces  in  each  specimen  showed  unmistakable  signs  of  corrosion. 
Apparently  it  made  no  difference  how  the  concrete  was  mixed,  wet  or  dry,  tamped 
or  untamped,  whether  the  steam  or  water  treatment  was  used,  the  result  was 
the  same,  rust  streaks  and  spots  were  found;  the  difference  in  the  amount  of  . 
corrosion  being  imperceptible."  He  condudes  that  "to  secure  a  dense  homo- 
geneous dnder  concrete,  a  thorough  tamping  is  necessary.  A  rich  mixture, 
either  i:  i:  3  or  one  in  which  the  proportion  of  cement  to  aggregate  is  larger, 
should  be  used  in  all  cases.  The  greatest  of  care  should  be  taken  in  mixing  the 
materials,  and  it  may  be  necessary  to  resort  to  the  seemingly  impractical  method 
of  cnaring  the  reinforcement  with  grout  before  placing  in  tiie  concrete. " 

In  a  series  of  chemical  and  physical  tests,  §  made  by  George  Borrowman  of 
the  University  of  Nebraska,  it  was  found  that  disintegration  of  dnder  concrete 
was  caused  by  the  oxidation  of  iron  and  sulphur  producing  internal  stresses 
and  consequent  cracking  with  occasional  efflorescence  of  ferrous  sulphate  on  the 
surface.  From  these  tests,  it  was  oonduded  that  cinders  with  much  sulphide 
and  sulphate  sulphur  are  likely  to  give  unsatisfactory  results,  espedally  if  there 
is  much  cake  or  porous  material  present;  also  that  such  material  (cinders)  may 
be  improved  if  allowed  to  weather  with  occasional  washing,  until  the  ferrous 
iron  and  sulphur  have  been  washed  and  leached  out  of  the  dnders.  The 
dnden  used  in  these  tests  were  from  carefully  screened  steam  coal  and  shick. 
The  analysis  showed  considerable  ferrous  iron  and  sulphur  as  sulphide  and  sul- 
phate. 

On  the  iiuestion  of  the  corrosion  of  steel  in  cinder  concrete  Professor 
Norton  concludes:  "There  is  one  limitation  to  the  whole  question,  that  is,  the 
possibility  of  getting  the  steel  properly  incased  in  concrete.  Many  engineers 
will  have  nothing  to  do  with  concrete  because  of  the  difficulty  in  getting  'sound' 

•  Professor  Tumeaure  in  Trans.  Am.  See.  for  Test.  Mats.,  Vol.  IV,  pa^  505. 

t  Eogiaeering  News.  Nov.  i,  1906,  page  458. 

i  Engiiieering  News,  May  33,  1907,  page  569. 

$  JonnuU  of  Industrial  and  Engineexing  Chemistry,  June,  19x9. 
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work.  This  is  especially  tnie  of  dndor  cDncrete>  where  the  porous  D4ture  of 
the  cinders  has  led  to  much  dry  concrete  and  many  voids,  §od  much  oorrosioo. 
I  feel  that  nothing  in  this  whole  subject  has  been  more  nusund^ntopd  than 
the  action  of  cinder  concrete.  We  usually  hear  that  it  contains  much  sulphur 
and  this  causes  corrosion.  Sulphur  might,  if  present>  were  it  not  for  thf»  Pfoaence 
of  the  strongly  alkaline  cement;  but  with  that  present  the  cprrOflion  of  3teel 
by  the  sulphur  of  cinders  in  a  sound  Portland  concrete  is  the  veriest  myth*  and 
as  a  matter  of  fact  the  ordinary  dnders,  classed  as  steam  dndera,  contain  only  a 
very  small  amount  of  sulphur.  There  can  be  no  question  that  dnder  cxncrete 
has  rusted  great  quantities  of  steel,  but  not  because  of  its  sulphur,  but  because 
it  was  mixed  too  dry,  through  the  action  of  the  cinders  in  absorbing  moistures 
and  that  it  contained,  therefore,  voids;  and  secondly,  because  in  addition  the 
dnders  often  contain  oxide  of  iron  which,  when  not  coated  over  with  the  cement 
by  thorough  wet  mixing,  causes  the  rusting  of  any  steel  which  it  touches.  There 
b  one  cure  and  only  one,  mix  wet  and  mix  well.  With  this  precaution  I  would 
trust  dnder  concrete  quite  as  quickly  as  stone  concrete  in  the  matter  of  cor- 
rosion."* 

In  1902  the  Pabst  Building  in  New  York  City,  an  eight-story  stee!  skeleton 
construction,  was  taken  down  after  standing  for  about  four  years.  The  floor- 
filling  between  the  steel  Z  beams  in  this  case  consisted  of  dnder  concrete  on 
metal  lath,  built  in  segmental  form.  The  Roebling  construction  was  used. 
The  steelwork  generally  was  found  to  be  free  from  rust,  though  it  should  be 
remembered  that  all  the  steel  had  been  painted. f  Taking  all  things  into  con- 
sideration it  is  probably  safe  to  use  dnder  concrete,  if  care  is  taken  to  provide 
a  proper  mixture  and  careful  and  thorough  workmanship. 

7.  Erection  of  Reinforced-Concrete  Con8tructio& 

Forma  for  Reinforced  Conorete.  For  the  erection  of  reinforced  concrete^ 
it  is  generally  necessazy,  first,  to  construct  molds  or  centcrings  for  the  col^ 
xunns,  floors*  etc.  Wood  is  the  material  used  for  this  purpose.  Sheet-metal 
centering  has  been  used  with  questionable  success  and  economy.  In  the  selec- 
tion of  the  wood  for  the  molds  a  clean  grade  ai  dressed  pine  should  be  used. 
It  should  be  thick  enough  to  resist  warping  and  to  resist  deflection  between  sup- 
ports. It  must  be  coated  on  its  surface  with  soap  or  some  other  satisfactory 
substance  to  prevent  it  from  sticking  to  the  concrete.  The  forms  or  molds  must 
be  erected  carefully,  the  exact  size  of  the  proposed  parts  and  must  be  true  in 
position  and  direction.  For  floor-molds,  suffident  supports  must  be  provided, 
not  only  to  carry  safely  the  heavy  vet  concrete,  but  also  such  materials  as  are 
liable  to  be  placed  on  the  floors  up  to  the  time  when  the  concivte  has  set  suffi- 
dently  to  carry  such  k)ads.  The  supports  must  have  sufficient  rigidity  to 
prevent  deflection  in  the  molds.  The  molds  should  be  so  constructed  that  they 
can  be  easily  removed  when  the  txmcrete  has  set.  Sharp  coroen  should  by 
avoided  as  much  as  possible,  as  the  wood  is  liable  to  stick  in  them.  Where 
there  are  reentrant  angles  jn  the  finished  concrete  work,  the  molds  should  have 
beveled  edges,  and  at  salient  edges  of  the  finished  concrete  work,  triangular 
strips  should  be  nailed  in  the  comers  of  the  molds  to  produce  a  beveled  edge 
in  the  concrete.  To  prevent  the  spreading  of  the  sides  of  the  molds,  deats  must 
be  provided  at  suffident  intervals.  In  the  case  of  beams  and  girders,  these  ar* 
generally  secured  by  nailing.  In  the  case  of  columns  and  piers  and  often  in 
walls,  the  cleats  are  so  notched  at  the  ends  that  long  bolts  with  washers  may  be 

*  Report  No.  9,  Insurance  Experiment  Station,  Boston  Manufscturers  Mutval  Fire 
Insurance  Company. 

t  Trans.  Am.  Soc.  C.  E.,  Vol.  L,  page  997. 
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used  to  hold  them  hi  place,  as  abown  in  Fig.  26.  In  removing  the  form  the  bdtfl 
are  kiosened  and  the  deata  and  the  rest  of  the  form  are  ready  to  use  again.  In 
some  cases,  particularly  m  the  constructian  of  walls^  the  cleats  are  held  m  place 
by  wires  running  through  the  mold.  These  wires  become  embodded  in  the 
concrete  and  in  removing  the 
molds  they  are  cut  and  the 
portions  in  the  concrete  are 
allowed  to  remain.  The  item 
of  molds  and  centerings  needed 
in  the  erection  of  reinforced' 
concrete  buildings  forms  a 
considerable  part  of  the  cost 
of  construction.  Economy  in 
this  respect  can  be  affected  in 
designing  and  planning  by 
making  the  floor-panels 
throughout  a  building  uniform 
in  siae  and  by  repeating,  as  far 
as  possible,  such  parts  as  piers, 
walls,  etc.  Successful  attempts 
have  been  made  to  dispense 
with  the  erection  of  timber 
molds  and  centering  by  cast- 
ing the  various  members  of 
the  construction  on  the  ground 
and  assembling  and  erecting 
them  in  the  same  way  that 
wood  or  steel  columns,  beams 
and  floors  are  assembled  and 
erected.    (See  page  955.) 

Concrete-Mixing.  In  all 
reinforced<oncrete  work  the 
concrete  ahoiild  be  mixed 
MECHANICALLY.  Satisfactory  hano-mixino  can  be  obtained  and  might  be 
resorted  to  in  very  small  jobs,  where  it  would  be  uneconomical  to  set  up 
a  MACBINE-MIXER.  But  a  much  more  imiform  product  will  result  from  machine- 
mixing,  and  most  types  of  mixers  are  mounted  on  wheels  so  as  to  be  easily  moved 
to  a  job.  Mechanical  mixers  are  either  continuous  mixers  or  batch-mixers. 
In  the  continuous  mixers  the  materials  are  fed  sometimes  by  hand  and  sometimes 
mechanically,  and  the  concrete  issues  continuously.  The  product,  however,  is 
not  likely  to  be  as  uniform  as  that  from  the  batch-mixer;  for  when  the  latter 
is  used  it  is  under  constant  supervision,  whereas  when  the  continuous  mixer  is 
lised  the  machhie  Is  relied  upon.  Of  the  batch-mixers  the  rotary  type  is  the 
one  giving  most  general  satisfaction.  Among  the  good  examples  of  this  type  may 
be  mentioned  the  mixers  made  by  the  Kansome  Concrete  Machinery  Company, 
New  York  City,  the  McICelvey  Concrete  Machinery  Company,  Chicago,  111., 
and  the  T.  L.  Smith  Company,  Milwaukee,  Wis.  They  are  made  in  different 
sizes  and  wlthcapadtles  varying  from  about  10  to  60  cu  yd  per  hour. 

Charging  Coneret^-Hizen.  In  chargino  a  concrete-mixer  the  materials 
for  each  batch,  carefully  measured,  are  dumped  into  the  mixer  and  the  machinery 
started.  After  oooq>leting  a  definite  number  of  revolutions,  sufficient  to  thor- 
oughly mix  the  ingredients,  the  concrete  is  discharged  into  wheelbarrows  or 
other  implenicats  for  catfying  it  to  the  nu^da.    £adi  batch  shouM  be  completed 
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before  another  is  stxirted.  To  obtain  uniform  results  the  number  of  revohitions 
in  each  operation  should  be  the  same.  It  is  not  well  to  trust  to  the  judgment  of 
the  man  in  charge  of  the  machine,  as  to  when  the  mixing  has  beoi  thorough. 
He  should  be  instructed  to  count  the  revolutions  each  time.  A  good  plan  is  to 
attach  a  gong  which  rings  when  the  fixed  number  of  revolutions  has  been  com- 
pleted. The  Code  of  the  National  Board  of  Fire  Underwriters  calb  for  "at 
least  twenty-five  complete  revolutions." 

Wet  Concrete  Mixture.  The  water  is  introduced  during  the  process  of 
mixing.  The  amoimt,  also  measured,  should  be  such  as  to  produce  what  b 
known  as  a  wet  mixture,  that  is,  a  mixture  that  has  the  consistency  of  molasses 
and  that  will  readily  flow  aroimd  and  thoroughly  incase  all  steel  to  be  embedded. 
It  may  be  necessary  to  vary  the  amount  of  water  somewhat  in  placing  a  large 
mass  of  concrete,  as  in  walls,  since  the  water  generally  works  itself  upward 
through  the  successive  layers.  For  transportino  the  concrete  from  the 
mixer  to  the  mold,  steel  wheelbarrows,  each  holding  about  2  cu  ft,  are  generally 
employed.  A  larger  vehicle,  holding  about  6  cu  ft,  is  made  by  the  Ransome 
Concrete  Machinery  Company,  Dunellen,  N.  J.,  and  is  found  very  economical 
in  larger  work.  When  the  conditions  will  permit,  concrete  may  also  be  distrib- 
uted by  means  of  chutes,  but  care  must  be  exerdsed  to  secure  a  consistency 
that  will  prevent  the  separation  of  the  coarse  aggregate  from  the  mortar.  The 
transporting  through  Uie  chutes  may  be  done  either  by  gravity  or  by  com- 
pressed air. 

Pouring  the  Concrete.  Ideal  conditions  would  obtain  if  the  process  of 
PLACING  concrete  could  be  cONTiNUons.  This  is  not  generally  practicable; 
so  it  is  important  that  the  point  at  which  work  is  stopped  each  day  shall  be  so 
selected  and  predetermined  that  the  strength  of  the  construction  shall  suffer 
least.  In  smaller  buildings,  with  floor-areas  not  exceeding  about  3  000  sq  ft.  it 
should  be  possible  to  90  arrange  the  progress  of  the  work  that  each  entire  floor- 
construction  may  be  placed  in  one  day.  In  larger  work  it  is  necessary  to  lay 
off  a  certain  area  to  be  completed  within  the  time  of  concreting  for  the  day. 
Work  should  not  leave  off  across  important  beams  or  girders,  and  the  tempo- 
rary stopping  should  be  arranged  for  when  the  work  is  at  the  middle  of  slabs 
or  Ininor  floor-beams.  If  any  parts  of  floor-slabs  are  considered  in  the  calcula- 
tions for  the  strength  of  the  beams  or  girders,  such  parts  must  be  concreted 
at  the  same  time  and  must  be  considered  parts  of  such  beams  or  girders. 
Joints  m  columns  should  be  made  perpendicular  to  the  axes  of  the  columns, 
and,  as  far  as  possible,  at  the  lower  side  of  girders.  Columns  should  be  allowed 
to  set  for  at  least  two  hours  before  girders  are  cast  on  them,  in  order  to  provide 
for  settlement  and  shrinkage. 

Ramming  the  Concrete.  As  soon  as  the  concrete  has  been  poured  into  the 
molds,  and  during  the  process  of  pouring,  it  should  be  continually  raicmed  to 
secure  complete  filling  of  the  molds,  density  in  the  finished  product  and  thor- 
ough adhesion  to  the  reinforcement.  In  wet  concrete,  such  as  is  used  for  build- 
ings, this  ramming  should  be  done  with  a  flat  steel  spatula  at  the  end  of  a  handle 
long  enough  for  comfortable  manipulation.  For  column-work  the  handle  is 
lengthened  out  so  as  to  reach  to  the  bottom  of  the  forms.  Ordinary  spades 
are  sometimes  employed,  and  where  no  special  tools  are  provided,  rammers 
are  sometimes  made  of  2  by  3-in  scantlings,  rounded  off  at  the  top  end  to  make 
a  handle.  Wliere  a  smooth  surface  is  desired  the  spatula-rammer  should  be 
used,  particularly  at  the  sides  of  the  molds.  The  honey-combed  appearance 
that  results  from  improper  ramming  is  difficult  to  remedy  afterward  without  a 
patched  appearance.  After  having  been  placed,  the  concrete  should  be  kept 
damp  by  sprinklmg  it  with  a  hose  until  it  has  thoroughly  hardened. 
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RtmoTing  the  Formi  from  Reinforced  Concrete.  No  fixed  rule  can  be 
given  for  the  kejiovai.  of  tbe  forms,  as  the  time  required  for  the  setting  of 
the  concrete  varies  with  the  consistency  of  the  mixture,  the  climatic  and  other 
coodiUoDs.  Numerous  failures  of  reinforced  concrete  have  been  attributed  to 
the  too  early  removal  of  forms.  In  warm  weather  concrete  will  set  more  quickly 
than  in  cold.  The  setting  process  xaay  be  somewhat  accelerated  after  a  day  or 
two,  by  removing  the  boards  fonning  the  sides  of  beams  or  girders  and  leaving 
in  the  planks  on  the  underside  and  the  props  supporting  them.  In  cold  weather 
it  is  advisable  to  warm  the  building  during  the  setting  process  by  means  of 
salamanders. 

The  Finish  of  Concrete  Surfaces.  The  exposed  surfaces  of  concrete 
walls  are  variously  treated  in  attempts  to  produce  a  satisfactory  appearance. 
Where  no  special  provision  is  made,  the  marics  of  the  lumber  used  in  the  fonns 
are  almost  certain  to  show,  and  the  lines  of  demarcati(m  between  successive 
kyers  are  clearly  defined.  To  elimmate  these  lines,  grooves  are  sometimea 
purposely  formed,  by  tadung  on  the  sides  of  the  molds  triangular  or  trapezoidal 
strips  that  produce  sunk  joints  in  the  wall,  and  give  it  an  appearance  resembling 
dressed  stone.  The  successive  layers  of  concrete  are  in  such  cases  stopped  at 
these  lines  so  that  the  junction  of  the  two  Uyers  is  hidden.  In  some  cases 
the  surface  is  purposely  left  rough  and  sciatdied  like  the  scratch-coat  in  plaster- 
ing, and  then  stuccoed  with  a  neat  cement  or  a  rich  cement  mortar.  In  this 
form  of  finish  there  is  always  some  danger  that  the  stucco  will  flake  off.  The 
surface,  as  it  comes  from  the  mold,  is  sometimes  hammer-dressed,  or  rather 
picked  with  a  special  hammer.  This  hanuner  has  an  edge  at  right-angles  to 
tbe  handle,  and  the  edge  is  indented  and  made  a  series  of  pomts.  A  roughened 
face  is  thus  produced  which  in  time  shows  a  uniform  texture.  Another  method 
sometimes  employed  is  to  remove  the  forms  as  soon  as  the  concrete  b  sufficiently 
hard  and  to  rub  the  surface  with  a  plasterer's  float,  using  fine  sand  between 
the  float  and  the  wall-surface  and  plenty  of  water. 

The  Finish  of  Reinforced-Concrete  Floors.  If  the  floor-surfaces  are 
not  to  be  covered  with  a  wooden  flooring,  a  satisfactory  finish  may  be  obtained 
by  placing  over  the  surface,  before  the  concrete  has  had  time  to  set  thoroughly, 
a  mortar  finish  from  i  to  iH  m  thick,  and  troweling  to  make  it  smooth  and 
level.  If  the  finish  is  attempted  after  the  concrete  has  set,  the  new  and  the  old 
work  will  probably  not  bond;  and  there  is  always  danger  of  flaking  off  unless  the 
finish  itself  is  of  considerable  thickness. 

Bonding  Old  and  New  Concrete.  Various  fluids  and  special  cementitious 
materiab  have  been  put  on  the  market  for  the  purpose  of  bonding  new  and  old 
concrete  surfaces.  Whether  or  not  these  materials  have  any  spedal  merits, 
it  is  now  generally  accepted  that  a  good  rich  cement  mortar  will  form  sufficient 
bond  between  two  concrete  surfaces,  providing  the  surfaces  are  clean.  If  the 
stress  is  cOMPRESsrvE,  the  old  surface  of  the  concrete  should  be  cleaned  and 
wet,  and  the  surface  may  be  roughened.  Joints  which  are  subject  to  tension 
should  be  coated  with  a  i  :  z>i  or  a  i  :  2  cement  mortar  before  the  new  concrete 
is  cast.  In  building  walls  which  must  be  water-tight,  the  structure  should  be 
HONOLTTHic.  If  this  cannot  be  done,  all  dirt  and  laitance  should  be  removed, 
and  a  thin  layer  of  very  rich  mortar  placed. 

Inspection  of  Reinf orced-Concrete  Work.  In  all  reinforced-concrete  work 
it  is  of  extreme  importance  to  have  competent  and  thorough  inspection  or 
SUPERINTEKDENCE.  The  inspector  should  be  familiar  with  the  nature  and  qual- 
ities of  the  different  materials  entering  into  the  construction.  He  should  have 
a  knowledge  of  the  underlying  principles  of  the  design  of  reinforced-concrete 
structures,  so  that  he  may  realize  the  importance  of  carrying  out  all  the  detailfl» 
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and  pArdcuUriy  of  placing  the  reinforoemcnt  exactly  u  l>lamied.  He  mtiit  be 
sufficiently  alert  and  active  to  Bee  that  the  wotk  of  the  ooatractot  is  pngtetttag 
properly;  so  that,  for  instance,  work  ahall  not  have  to  be  rebuilt  becauM  of  errar 
in  the  forms.  The  UAtSRiALS  used  in  the  oonstniction,  particularly  the  cement, 
should  be  tested  as  the  work  progresses.  Cubes  of  the  opncrete  as  used  should 
be  made  up  each  day  and  at  the  end  of  seven  dajrs  shouki  be  tested  for  com- 
pression, and  if  neceseaiy  agam  at  the  sge  of  twenty-eight  days.  This  reoofd 
will  serve  as  a  guide  in  the  acceptance  of  the  work,  or  m  dedding  on  the  neces- 
sity for  a  load-test  of  the  finished  structure.  Under  no  circumstances,  however, 
should  it  replace  or  serve  as  an  excuse  to  omit  the  testing  of  the  cement  Upon 
delivery  or  before  acceptance.  In  addition  to  the  details  discussed  in  this 
chapter,  details  which  require  the  attention  of  the  inspector  on  the  work*  a  few 
others  may  be  especially  mentioned  here: 

(x)  In  jouoNO  KEW  WORX  with  that  which  is  already  in,  and  which  has  begun 
to  set,  the  surface  must  be  thoroughly  deaned  and  wet.  In  stopping  off  work,  it 
is  good  practice  where  possible,  to  cast  a  groove  in  a  surface  that  is  to  be  joined 
with  another,  so  that  when  Uie  work  is  afterward  continued,  a  toogue-and- 
groove  jimction  is  effected. 

(a)  All  roKMs  or  holds  must  be  carefully  deaned  out  just  before  the  concrete 
is  poured.  The  bottoms  of  the  column-molds  must  be  espedally  watched  for 
this,  as  shavings,  sawdust  and  even  bbcks  of  wood  are  liable  to  fall  into  them 
unobserved.  It  is  well  to  leave  off  a  small  piece  of  one  side  of  the  oolumn-mokl 
at  the  bottom,  for  purposes  of  observation  and  cleaning,  and  to  dose  it  up  just 
before  pouring  the  concrete. 

(5)  Great  care  should  be  excerised  in  pouuno  and  habUcino  concrete  in  deep 
molds,  such  as  for  colunms,  walls,  etc.,  in  order  to  get  the  mokis  thoroughly 
filled  at  the  bottom.  In  careless  work  it  is  not  unusual  to  find  in  such  places 
very  porous  concrete,  if  not  large  pockets.  This  is  particularly  liable  to  oocur 
when  there  is  con^derable  reinfordng-sted  fai  the  construction. 

(4)  It  should  be  remembered  that  concrete  shrinks  in  setting.  Hollow  spaces 
at  the  tops  of  columns  are  sometimes  found  to  be  due  to  this  cause.  As  these 
are  not  always  observable  from  the  outside  after  the  forms  are  removed,  great 
care  should  be  exerdsed  to  guard  against  them.  In  pouring,  therefore,  the 
molds  should  be  filled  to  overflo?nng  to  the  top  of  deep  mokb. 

(5)  The  exact  position  of  the  reinfordng-steel  in  the  concrete  is  of  such  vital 
importance  that  particular  mention  is  agam  made  of  it  here.  In  loose-bar  con- 
struction the  greatest  care  must  be  exerdsed,  in  the  first  place,  to  have  the  rein- 
forcement carefully  placed,  and  then  to  avoid  its  being  shifted  out  of  position 
by  the  pouring  and  the  ramming  of  the  concrete. 

(6)  The  REiNTORCiNG-STEEL  of  those  gysteras  m  which  the  advantage  of  at- 
tached stirrups  is  claimed,  is  often,  for  convenience  in  shipping,  sent  with  the 
stirrups  and  laid  flat  or  dose  to  the  main  bar.  It  is  intended  that  m  pladng 
them  on  the  job  the  stirrups  shall  be  turned  up  to  thdr  proper  positbns.  Un- 
less carefully  inspected,  this  is  liable  to  be  neglected. 

(7)  The  use  of  a  unit  type  of  construction  (see  page  926)  practically  obviates 
these  two  last-mentioned  dangers,  as  the  entire  rdnforcement  comes  framed  to- 
gether, so  that  the  relative  positions  of  reinfordng-rods  or  bars  caimot  be  changed; 
and  a  glance  will  show  whether  the  frame  is  complete  or  has  been  damaged,  and, 
when  placed  in  the  moWs,  whether  it  fits  or  not.  In  this  type  of  oonstructioa 
the  parts  are  all  assembled  in  the  shop  from  details  carefully  drawn  and  checked, 
in  much  the  same  way  that  steel  beams,  girders,  columns,  etc.,  arc  fabricated  from 
detailed  shop  drawings.  The  work  of  the  Inspector  or  superintendent  on  the  job 
is  very  much  simplified  and  hence  the  liability  of  error  redttoexi  to  a  minimmn. 
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Load-Testa  on  Reinforced-Concrete  Construction.  Load-tests  on  the 
finished  structure  should  only  be  resorted  to  when,  all  reasonable  care  having 
been  exercised  to  obtain  good  results,  some  doubt  still  exists  as  to  the  results. 
Such  tests,  however,  should  not  be  accepted  in  place  of  a  strict  compliance  with 
the  specifications.  The  architect  should  know  beforehand  that  his  building  is 
correctly  designed  and  safe,  and  should  employ,  if  necessary,  an  engineer.  The 
contractor  should  imderstand  at  the  outset  that  the  structure  has  been  designed 
for  certain  definite  purposes  and  loads,  and  that  the  materials  and  details  of 
construction  specified  are  not  to  be  changed.  If  the  contractor  furnishes  the 
design,  as  he  sometimes  does,  a  practice  thoroughly  condenmed,  the  architect 
should  prescribe  in  his  apedficationa  that  such  design  shall  be  checked  and 
approved  by  an  engineer  appointed  by  him.  A  fair  load  to  be  applied  in  a  test 
is  one  and  one-haU  times  the  working  live  load  plui  one-half  the  weight  of  the 
construction.  The  stresaes  in  the  construction  are  then  equal  to  one  and  one^ 
half  times  the  working  stresses  assumed  In  designing.  Under  these  conditkma 
there  should  not  be  any  evidences  of  distress,  and  the  deflections  should  not 
exceed  Hm  the  span.  The  material  used  for  the  load-test  should  be  so  selected 
and  placed  that,  when  uniformly  distributed,  as  requited,  it  will  not  arch  and 
assist  the  compressive  strength  of  the  beam  or  floor.  Pig  iron  is  a  vety  good 
material  to  use.  Bricks  are  more  generally  avaiUble,  but  must  often  be  t>iled 
veiy  high  to  get  the  required  load,  amsuming  much  time  and  labor  in  making 
the  test.  When  bricks  are  used  they  should  be  set  in  vertical  piles  with  spaces 
of  a  or  3  in  between  them,  thus  avoiding  all  arching  of  the  loadi 
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CHAPTER  XXV 

REINFOKCED-CX>XCBETE  FACTOKT^  AND  MILL- 
CONSTSUCnON* 

By 
EMILE  G.  PERROT 

MEICBER  or  AMERICAN  SOCIETY  Or  CIVIL  SMOIMEEtS 

General  Principles.  The  problem  involved  in  the  proper  dedgn  of  a  rein- 
forced'Concrete  factory  or  mill  is  a  far  more  difficult  one  than  might  appear 
from  a  superficial  examination  of  the  finished  structure.  This  applies  to  build- 
ings constructed  wholly  or  in  part  of  reinforced  concrete,  and  is  due  to  the  fact 
that  maximum  economy  and  efficiency  in  production  can  only  be  obtained 
when  the  building  is  thoroughly  adapted  to  a  given  occupancy  and  use.  Laymen, 
and  even  some  architects,  look  upon  the  factory  as  a  mere  workshop,  consisting 
of  four  walls  with  floors  and  roof.  To  them  it  seems  an  easy  matter  to  locate 
the  structure  with  reference  to  the  lot  or  site  and  then  suf^ly  it  with  stairways, 
elevators  and  kindred  features.  This,  however,  is  not  the  case.  Each  industry 
uses  processes  peculiar  to  itself.  The  ease  with  which  these  processes  can  be 
employed  renders  the  profit-making  more  or  less  successful;  hence  it  is  neces- 
sary to  design  the  building  to  suit  them.  However,  as  the  purpose  here  is  to 
explain  what  constitutes  proper  design,  as  applied  to  the  reinforced-concrete 
construction  of  a  factory  or  mill-building,  a  typical  case  will  serve  to  make  clear 
the  principles  involved.  This  chapter,  therefore,  deals  with  such  general  tyjKS 
as  would  seem  to  meet  the  needs  of  the  greatest  number  of  persons. 

Walls,  Floors  and  Roofs.  Reinforced-concrete  construction  may  be  used 
for  walls  and  floors,  or  for  floors  and  roofs  only,  in  the  latter  case  substituting 
for  reinforced-concrete  walls  some  masonry  construction  such  as  brick  or  stone. 
It  is  not  always  advisable  to  use  reinforced'  concrete  for  walls.  Circumstances 
very  frequently  arise  in  which  it  is  more  suitable  and  economical  to  use  brick 
walls  or  piers. 

Types  of  Floor-Construction.  The  floor-construction  may  be  divided 
into  two  general  types,  the  beaic-and-slab  type  and  the  gisdexless  t3'pe. 
The  beam-and-slab  type  may  in  turn  be  divided  into  varieties.  For  example,  it 
may  consist  of  beams  supported  by  columns,  with  slabs  spanning  from  beam  to 
beam.  This  arrangement  corresponds  to  simple  mill-construction  in  wood,  where 
the  heavy  timbers  run  across  the  building  every  ^  or  lo  ft.  The  timbers  rest 
on  the  wall  at  one  end  and  on  a  post  at  the  other,  with  3  or  4-in  splined  planks 
spanning  from  beam  to  beam.  The  earlier  types  of  reinforced-concrete  floors 
were  patterned  after  this  system.  The  next  method  was  the  introduction  of 
girders  running  from  column  to  column,  and  the  placing  of  the  columns  farther 
apart,  say  twice  the  distance  common  to  the  former  system.  The  beams  are 
spaced  as  formerly.  This  may  be  called  the  beaic-and-gisder  ^stem.  Still 
another  variation  of  the  beam-and-slab  type  is  the  square-panel  ^stem,  in 

*  For  Concrete  in  general  and  Mass-Concrete,  see  Chapter  m,  pages  940  to  a$i: 
for  Strength  ol  Concrete  without  Reinforcement.  Chapter  V,  pages  283  to  387;  and 
for  Reinforced-Concrete  Construction  in  General,  see  Chapter  X5CIV,  the  paragraphs  of 
which,  corresponding  to  the  same  detaib  discussed  here,  should  alsQ  be  resd.  Sec,  also, 
Chapter  XXin,  pages  8x7  and  844. 


Digitized  by 


Googk 


Number  and  Anangement  of  Columns'  969 

which  the  beams  are  arranged  along  four  sides  of  a  square,  a  column  bong 
placed  at  each  of  the  four  comers.  The  simplest  type  of  reinforced-concrete 
oonstructian  for  factories  is  some  fonn  of  the  beam-and-slab  type  with  walls  and 
piers  of  reinforced  concrete.  The  gisdesless  type  consists  of  a  heavy  flat  slab 
supported  on  columns  without  the  use  of  beams  or  girders.  The  column-head 
is  enlarged  to  form  a  large  bearing-surface  and  the  columns  are  spaced  so  as  to 
form  square  bays  as  near  as  possible.  A  t)rpical  example  is  worked  out  at  the 
end  of  thb  chapter. 

Columns.  In  general,  as  few  columns  as  possible  should  be  used  to  support 
a  floor,  in  order  that  they  may  not  interfere  with  the  pladng  of  machinery,  and 
to  insure  the  most  economical  use  of  the  floor-space.    From  the  standpoint  of 


Fig.  1.    Cross-section  of  Building 

economy  of  construction,  however,  the  use  of  one  column  to  not  more  than 
400  sq  ft  of  floor-space  has  been  found  to  meet  average  requirements.  This, 
of  course,  does  not  include  construction  of  a  special  class.  Adopting  this,  then, 
as  the  standard,  and  bearing  in  mind  the  fact  that  the  nearer  a  building  comes 
to  being  square  in  plan  the  less  is  the  total  length  of  exterior  wall  required  to 
enclose  a  given  area,  it  can  be  assumed  that  a  four-story  building  75  ft  wide 
with  two  rows  of  columns,  making  three  spans  across  the  building,  is  a  suitable 
one  for  many  purposes.    (See  Fig.  1.) 

The  TJghting  of  a  Building  of  this  width,  with  story-heights  of  14  ft, 
top  to  tcfPf  will  be  ample  for  most  purposes.  There  are  always  some  parts  of 
the  floor-space  for  which  a  strong  light  is  not  absolutely  essential  and  which 
can  be  devoted  to  aisles  and  to  the  storing  of  material  in  process  of  manufacture. 
The  central  part  of  the  floor-space  is  generally  used  for  this  purpose,  while  the 
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machinery  is  placed  nearer  the  windows  where  the  light  is  best  and  where  the 
work  is  done.  It  is  usually  better,  therefore,  not  to  have  a  row  of  columns 
along  the  central  axis  of  the  building,  unless  it  is  definitely  known  that  such  an 
atrangement  will  not  interfere  with  the  proper  use  of  the  floor-stMce.  In  a 
building  7S  ft  wide,  two  rows  of  columns,  with  spans  ol  25  ft  ooscwiae  of  the 
structure,  leave  the  central  part  of  the  floor-space  free.  Dividing  25  into 
400  sq  ft,  the  fikx}r-spaoe  allowed  for  each  column,  gives  x6  ft  aa  the  distance 
between  columns,  measuring  lengthwise  of  the  building. 

Bays.  The  reason  in  this  mstance  for  making  the  bays  rectangular  inateftd 
of  square  is  that  there  would  be  another  row  of  columns  if  a  square  bay  with 
a  maximum  of  ao  ft  in  either  direction  were  assumed.    This  would  be  likeJy  to 


to 

0 


Fig.  2.    Part  Floor-plan  of  Buikliiig 


interfere  irith  the  judicious  placing  of  machinery  and  would  result  in  a  row  of 
columns  along  the  central  axis  of  the  building.  This  is  not  considered  good 
practice  and  should  be  avoided,  except  when  there  is  to  be  only  one  row  of 
columns  in  the  building. 

Example  of  a  Typical  Bay.  The  design  of  a  typical  bay  of  the  saxe  men- 
tioned above,  25  by  x6  ft,  will  now  be  considered.  Referring  to  the  iUustratioas 
(Figs.  1  and  2).  it  is  seen  that  the  windows  occupy  the  major  portion  of  the  wall- 
area,  the  sill  being  set  much  lower  than  is  usual  hi  brick  buildings.  This  is 
done  to  avoid  the  necessity  of  the  construction  of  an  extia-high  qiandrd  beam, 
as  the  Imtel  over  the  windows  below  performs  the  double  function  of  supporting 
the  floor  and  forming  a  curtain  wall.  The  head  of  the  window  is  carried  up 
Id  the  under  aide  of  the  floor-slab  to  simplify  the  construction  ol  the  bottom 
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of  the  Hlitel  and  at  the  satue  time  peraiit  the  window  to  extend  to  the  ceiling^ 
tliereby  btrodudng  the  light  at  the  highest  possible  point  and  allowing  the  rays 
to  project  far  into  the  tooin.  The  first  beam  should  be  set  as  far  back  as  possible 
from  the  outside  wall  and  wmdows,  so -that  the  angle  of  the  direct  rays  of  light 
will  be  as  nearly  horizontal  as  practicable.  It  will  be  found  best  to  have  the 
main  girders  nm  across  the  building,  bearing  on  the  walls  and  interior  columns. 
These  girders  may  be  made  as  deep  as  economy  of  design  suggests,  as  they  run 
parallel  with  the  light-rays  and  do  not  interfere  with  the  lighting-scheme.  Again, 
a  deep  girder  is  relatively  very  economical.  It  also  acts  as  a  stiffener  across  the 
narrower  dimensbn  of  the  building,  thus  increasing  the  resbtance  to  vibration 
caused  by  moving  machinery. 

Design  of  Floor-SystAm.  The  various  elements  of  the  floor-system  conast 
of  columns,  girders,  beams  and  slabs.  Each  of  these  will  be  considered  sepa- 
rately. A  live  load  of  1 20  lb  per  sq  f  t  Is  ample  for  light  manufacturing  purposes. 
This  is  the  load  prescribed  by  the  Btiildlng  Regulations  of  the  City  of  Phila- 
delphia. 

The  SUbt.  The  Spacing  of  the  beams  should  be  governed  both  by  economy 
of  the  form-construction  and  the  maximum  distance  a  slab  will  span  while 
carrying  the  load  safely.  It  is  impractical  to  make  a  slab  less  than  3  in  thick. 
Its  dead  weight,  with  concrete  weighing  150  lb  per  cu  ft,  is  37  H  lb  per  sq  ft. 
Allowing  for  a  i-in  cement  finishing-coat,  weighing  zsH  lb  per  sq  ft,  to  be  laid 
on  the  concrete,  the  total  live  and  dead  load  which  the  slab  must  carry,  if  it  is  3 
in  thick,  is  120  lb  +  50  lb  -  170  lb  per  sq  ft.  Referring  to  the  diagram  of  the 
strength  of  reinfotced-concrete  slabs  (Fig.  18),  calculated  on  a  basis  of  the 
bending  moment  equaling  Wl/10,  no  curve  is  found  in  the  3-in  diagram  for  a 
span  of  6  ft  to  cany  a  bod  of  170  lb  per  sq  ft.  Some  other  slab  must  be  used, 
therefore,  to  carry  the  load. 

The  dab-Reisforceinent.  Referring  to  the  diagram  of  the  4-in  slab  in 
Fig.  18  and  following  the  6-ft  line  until  it  intersects  the  horizontal  line  opposite 
187)4  lb  per  sq  ft,  it  is  found  that  a  4-in  slab,  reinforced  with  0.195  sq  in  per  Ihi 
ft,  or  two  Me^n  square  bars  per  foot,  will  carry  sUghtly  more  than  is  required  for 
the  slab  hi  question.  The  total  load,  if  the  slab  is  4  instead  of  3  in  thick,  is 
iSaHlb  per  sq  ft,  and  as  the  iSyH-lh  Ime  is  the  nearest  to  this  load,  the  4-in 
slab,  reinforced  as  above,  is  adopted.  The  reinforcing-rods  are  placed  1  in  from 
the  bottom  of  the  slab  and  are  of  sufficient  length  to  extend  over  two  spans  and 
lap  iS  m  at  each  end;  the  johits  are  made  over  the  beams  and  not  m  Uie  space 
between  them  (Fig.  3). 

The  Beams.  The  beams  running  from  girder  to  girder  are  considered  next 
(Fig.  2).  The  span,  center  to  center  of  girders,  is  16  ft,  and  the  distance  apart 
6  ft  3  in,  making  an  area  of  100  sq  ft  carried  by  each  beam.  To  the  load  per 
square  foot  of  182%  lb  must  be  added  the  weight  of  the  beam  itself,  which  is 
assumed  to  be  15  lb  per  sq  ft  of  floor-area,  making  a  total  of  i97V^  lb  per  sq  ft 
to  be  carried  by  the  beam.  This  multiplied  by  the  area,  100,  equals  19  750  lb. 
The  bending  moment  caused  by  this  load  on  the  beam,  based  on  the  formula  M  « 
H7/IO,  which  for  partially  restrained  beams  is  the  one  generally  used,  is  379  200 
in-lb.  The  slab  acts  with  the  stem  or  beam  to  form  a  T  beam  and  hence  is  as- 
sumed to  be  the  compression-flange  of  the  girder;  and  as  the  slab  is  4  in  thick,  the 
depth  of  the  beam  and  the  amount  of  reinforcement  can  readily  be  found  by  refer- 
ring to  Fig.  21,  which  is  the  diagram  of  the  strength  of  T  beams  having  a  4-in 
slab.  The  beam-depth  in  the  diagram  is  the  depth  of  the  stem  below  the  slab. 
In  the  diagram  opposite  the  center  of  the  space  between  350  000  and  400  000 
on  the  left-hand  side,  the  depth  of  beam  that  best  suits  the  conditions  can  be 
selected,  and  at  the  bottom  of  the  diagram  is  given  the  total  area  of  steel  to 

le 


y  Google 


972      Reinforced-Concrete  Factory  and  Mill-Construction    Chap.   25 

be  used  in  the  reinforcing-rods.  As  the  depth  of  a  beam  from  the  standpoint  of 
eoonomical  use  of  material  should  be  about  one-twelfth  the  span,  a  beam  14 
or  x6  in  deep  b  foimd  to  comply  with  this  rule.  Below  the  space  where  the  line 
representing  the  14-in  depth  of  beam  intersects  the  line  representing  the  bend- 
ing moment,  it  is  seen  that  the  area  of  steel  necessary  is  1.8  sq  in.    Distributing 


Fig.  3.    Plan  of  One  Bay,  Showing  Reinforcing  « 

this  over  four  bars,  each  bar  should  contain  0.45  sq  in.  The  area  of  one  >Vi«-in 
square  bar  is  0.47  sq  in,  and  hence  a  beam  14  in  deep,  reinforced  with  four  ^Vie-in 
square  bars,  is  used.  The  width  of  the  beam  should  be  6  in.  A  safe  rule  to 
determine  the  width  of  the  beam-stem  is  to  allow  i^'moi  concrete  ^reproofing 
on  the  sides  of  the  bars  and  arrange  the  bars  in  two  rows,  if  the  beams  have 
three  or  more  bars.  The  distance  in  a  horizontal  direction,  center  to  center  of 
bars,  should  be  2^^  times  the  diameter,  but  in  any  case  there  should  be  a  i  in 
space  between  the  bars*horizontally,  to  permit  the  concrete  to  thoroughly  incase 
thef"- 

Arrangement  of  the  Bars.  Assuming  the  bars  to  be  twisted,  the  distance, 
center  to  center,  of  the  two  bars  is  1%  in.  Adding  to  this  the  diameter  of  the 
bars  on  their  diagonal,  which  is  about  1%  in,  and  3  in  for  the  ^reproofing,  the 
sum  is  €  in  as  the  width  of  the  beam  required  in  this  case  (Fig.  6).  It  would  be 
perfectly  practicable  to  arrange  the  four  bars  in  one  row  across  the  bottom  of 
the  beam;  but  the  width  would  have  to  be  9%  in,  which  is  wider  than  safety 
requires.  An  additional  objection  to  the  latter  arrangement  is  that  it  requires 
more  concrete,  thus  adding  to  the  dead  weight  of  the  construction.  There 
should  be  2  in  of  concrete  under  the  bottom  of  the  rods  for  fireproofing. 

Width  of  Beam.  Of  course,  the  width  of  the  beam  must  be  sufiBdent  to 
permit  easy  pouring  of  the  concrete.  Where  wooden-box  forms  are  used,  it  is 
not  good  practice  to  make  beams  narrower  than  6  in.  If  the  beam  is  very  deep, 
say  36  in,  6  in  would  be  too  narrow  a  width  in  which  to  place  the  steel  and 
dean  out  the  beam-forms.  Practical  considerations  very  frequently  govern 
the  width  of  beams. 
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Stfamps.  There  should  be  in  each  beam  and  girder  a  sufficient  number  of 
stimipa»  made  of  at  least  %6<in  round  bars,  bent  U -shaped,  run  under  the 
bottom  rods  and  extended  up  into  the  slab  with  an  angle-bend  6  in  long.  If 
the  beam  or  girder  is  short  and  excessively  deep,  H-in  round  or  heavier  stirrups 
should  be  used.  The  function  of  stirrups  is  to  unite  mechanically  the  slab  to 
the  beam,  so  that  perfect  T-beam  action  will  result,  and  also  to  assist  in  the 
resistance  to  diagonal  tension  or  shear  as  it  is  commonly  called.  The  num- 
ber of  stirrups  in  a  beam  should  be  approximately  one  for  each  foot  of  the  spsm, 
center  to  center,  but  the  spacing  should  be  as  stated  below.  Thus,  a  i6-ft 
beam  should  have  not  less  than  sixteen  stirrups,  that  is,  eight  on  each  side  of 
the  center  line. 

Stirrup  Spacing  for  Distributed  Loads.  For  beams  with  distributed 
loads,  the  stirrups  are  to  be  spaced  so  that  the  minimum  distance  between  them 
will  be  6  in  in  ordinaiy 
cases,  and  the  ipftTimnm 
distance  not  more  than  36. 
in  at  the  middle  of  the 
beam.  Each  half  of  the 
beam  should  be  divided 
into  three  parts.  The 
division  nearest  the  sup- 
port should  contain  ap- 
proximately one-half  the 
number  of  stirrups  allotted 
to  one-half  the  beam,  or 
one-fourth  the  total  num- 
ber. The  middle  division 
should  contain  one-sixth 
the  total  number,  and  the 
division  next  to  the  cen- 
ter line  one-twelfth  the 
total  number,  as  shown  in 
Fig.  4.  If  the  distribution 
does  not  work  out  evenly 
the  spacing  which  comes 
the  nearest  to  this  should 
be  used. 

Stirra^-Spacing  for  Concentrated  Loads.  When  there  are  concentrated 
loads  the  stirrups  should  be  designed  to  suit  the  loading,  but  in  any  case, 
for  a  distance  equal  to  about  one-fifth  the  span  from  each  end,  the  stirrups 
should  be  spaced  at  least  from  4  to  6  in  on  centers.  A  good  rule  to  follow  is 
to  err  on  the  side  of  safety  and  to  put  in  plenty  of  stirrups,  if  the  determination 
of  the  exact  number  is  in  doubt,  as  there  should  b^  a  sufficient  number  of  them 
to  resist  that  part  of  the  diagonal  tension  not  safely  resisted  by  the  concrete. 

The  Arrangement  of  the  Bars  in  the  Beam  is  shown  in  Fig.  4.  The 
two  upper  bars  are  bent  upwards  near  the  supports  to  resist  the  negative  bending 
moment,  which  causes  tension  at  the  top  of  the  beam  near  the  supports.  These 
bars  should  extend  into  the  next  span  at  least  30  in  to  form  a  tie.  As  rein- 
forced concrete  is  of  a  monolithic  character,  it  is  necessary  to  introduce  metal 
bars  wherever  the  concrete  is  subjected  to  tensile  stresses.  While  it  is  not 
necessary  to  provide  as  much  steel  at  the  top  of  the  beam  over  the  supports  as 
the  fonnula  for  restrained  beama  gives,  if  50%  of  the  area  in  the  beam  is  carried 
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Fig.  4.    Section  Showing  Elevation  of  Beam 
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to  the  top  and  over  the  supports,  as  shown  in  the  illustration,  the  beam  will  be 
perfectly  safe  when  calculated  on  a  basis  of  Jd  equaling  Wl/io.  In  some  cities, 
beams  must  be  calculated  on  the  basis  of  i/  «•  Wl/^.  Then  it  is  only  neces- 
sary to  have  about  one-fourth  the  number  of  the  bars  bent  up  near  the  sapports. 
These  bars,  however,  should  extend  at  least  30  in  beyond  the  center  of  the 
girder  or  column  to  tie  the  building  together. 

For  Simple  Beams  with  Uniformly  Distributed  Loads,  all  rods  for 

60%  of  the  span  should  be  straight  and  the  truss-rods  should  bend  up  from  the 
points  so  determined. 

For  Beams  or  Girders  with  Concentrated  Loads,  all  bars  are  run  straight 
as  far  as  the  concentrated  loads  extend.  Beyond  these  loads,  towards  the  sup- 
ports, one-half  the  number  of  bars  may  be  bent  up  as  above. 
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Fig.  5.    Elevation  of  Gilder  and  Plans  of  Cohimn-FooCings 


The  Girders.  The  girders  running  across  the  buSding  are  calculated  <m  the 
basis  of  carrying  their  own  weight  as  a  uniformly  distributed  load  and  co&- 
centrate^i  loads  at  the  points  where  the  beams  frame  into  them.  Rclening  to 
the  illustrations,  Figs.  2  and  5,  it  will  be  noticed  that  there  are  three  beams  on 
each  side  supported  by  the  girder,  the  fourth  beam  being  carried  by  the  cohmn. 
Each  concentrated  load  equals  the  total  load  on  the  beams,  or  19  750  lb.  The 
weight  of  the  girder  can  be  assumed  as  30  lb  per  sq  ft  of  area  carried,  »ox  400 
«6oooB>.    This acu as  a  distributed  load.    One^faalf  theipanof  aslt,orsaft 
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6  in,  is  150  in.    Th«  bending  moment  at  the  middle  of  the  girder  fiom  the  oon« 
centiated  and  distributed  loads  is 

M  -  (ag  62s  X  isp)  -  ( 19  750  X  7s)  +    ^^  ^^  -  3  262  500  in-lb 

o 

Raliifordng-Bars  snd  Width  of  Girder.  Referring  again  to  Fig.  21,  in 
the  center  of  the  space  opposite  3  300  000  and  3  250  000,  the  line  of  a  26-in  deep 
beam  ia  shown  to  intersect  the  vertical  line  representing  8  sq  in  of  steel.  Hence 
eight  I 'in  square  bars  arranged  in  two  horizontal  rows  are  used.  The  width  of 
girder  must  be  12  in  in  order  to  have  the  proper  disUnce  between  the  bars  and 
at  the  same  time  have  x^  in  of  concrete  ^reproofing  on  the  sides  (Fig.  7). 
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Fig.  6.    Cross-section  of  Beam  Fig.  7.    Cross-section  of  Girder 

The  ^dth  of  the  Slab  on  each  Side  of  the  Girder  is  found  by  multi- 
plying the  area  of  the  steel  by  the  number  on  the  line  of  the  26-in  beam,  which  is 
8.7.  This  constant  is  used  for  any  area  of  steel  when  the  beam  is  26  in  deep;  the 
constants  on  tlie  other  beams  are  to  be  likewise  used  for  their  respective  beams. 
In  the  case  of  this  girder,  the  width  of  the  T  beam  is  8.7  X  8  -  69.6  in,  or  34.8 
in  on  each  side  of  the  middle  of  the  girder.  The  portion  of  the  slab  used  at 
the  T  flange  of  the  girder  or  beam  should  not  exceed  on  each  side  of  the  beam 
ten  times  the  slab-thickness,  nor  one-third  the  span.  In  the  case  now  being 
considered,  the  limit  is  not  exceeded.  Similarly  the  width  of  the  slab  acting  as 
the  compression-flange  of  the  14-in  beam  is2HXi2>-27in,  twelve  being  the 
constant  for  x4-in  beams. 

The  Lintels.  The  next  member  to  design  is  the  lintel,  or  spandrel  beam  over 
the  window  (Figs.  2, 6  and  8).  This  should  be,  for  practical  considerations,  6  in 
thick.  As  the  bottom  of  the  lintel  is  flush  with  the  bottom  of  the  slab,  the  slab- 
rods  must  run  into  the  lintel  over  the  top  of  the  lintel-rods.  In  addition  to  the 
stirrups  in  the  lintel  there  should  be  bars  of  the  same  size  as  the  stirrup-bars, 
spaced  about  12  in  apart  and  bent  at  right-angles,  one  leg  extending  up  12  in 
into  the  lintel  and  the  other  18  in  out  into  the  slab;  or  else  the  slab-bars  should 
be  bent  up,  extending  mto  the  lintel  12  in.  These  make  a  perfect  tie  between 
the  slab  and  lintel.  The  bottom  of  the  lintel  should  be  made  with  a  rebate  to 
receive  the  head  of  the  window-frame.  The  load  carried  by  the  lintel  Is  the 
bad  from  the  slab,  the  weight  of  the  window  and  the  dead  weight  of  the  lintel. 
The  load  from  the  floor-slab  is  13H  ft  (the  clear  span  of  the  lintel)  X  3  it  ^  4oH 
sq  ft  X  i82H  lb,  the  load  per  square  foot  on  the  floor-slab,  or  a  total  toad  from 
the  floor-slab  of  7  37 x  lb.  The  total  height  of  the  lintel  to  the  window-sill  is  3  ft. 
.\s  it  is  6  in  thick  this  makes  the  weight  per  lin  ft  75  VC  3  *  225  lb,  the  total 
weight  of  the  lintel  behig  225  X  13^  "*  3  038  lb.  For  the  window  10  lb  per  sq  ft 
is  addwed.   The  irea  being  134  K  xi  It,  the  height  of  the  windowi  or  hi  even 
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figures  149  sq  ft,  the  weight  is  149  X  xo  lb  «•  1 490  lb.  The  total  load  on  the 
lintel,  then,  is  7  371  +  3  038+  1  490  -  11  899  lb. 

The  Lintels  Figured  as  Rectangular  Beams.  By  referring  to  the  paragraph 
Explanation  of  Diagrams  and  Formulas,  page  992,  for  the  strength  of  rectangular 
beams,  it  is  seen  that  when  reinforced  with  0.5%  of  steel  the  safe  load  carried  by 

bd^  6  X  27' 

the  beam  is  IT  -  to/  -  48  -;-•    Therefore,  a  6  by  30-in  beam  will  carry  48 

i  13.5 

-  15  552  lb.  The  depth  27  is  used,  as  it  is  taken  to  the  center  of  action  of 
the  steel.  This  is  more  than  the  load  upon  the  lintel  and  hence  the  lintel  is 
safe.    A  reinforcement  of  0.5%  equals  0.005  of  162  sq  in,  the  area  of  the  concrete, 

or  0.81  sq  in;  and  if  two  bars  are  used, 
each  must  be  of  0.4-sq-in  sectional  area. 
Two  %-in  square  bars,  each  having  an 
area  of  0.39  sq  in,  will  be  used.  These 
should  be  located  2  in  from  the  bottom, 
and  run  straight.  There  should  be  two 
%-in  square  bars  near  the  top  of  the 
.lintel,  running  the  full  length,  and  fourteen 
%«-in  stirrups,  as  shown  in  the  illustra- 
tion (Fig.  8).  The  top  bars  take  the 
place  of  bent  bars  and  also  prevent 
*•"  vertical  cracks  which  are  liable  to  occur 
from  shrinkage  near  the  middle  of  the 
lintel. 

The    Columns.    Having    established 
the  design  of  the  floor-system,  the  dimen- 
sions of  the  wall  piers,  interior* columns 
and   footings   are   next  determined.     A 
Fig.  8.    Vertical  Section,  Showing  Lintel    schedule  of    the   loads   on   the   interior 

columns  will  now  be  made. 
The  Load  from  the  Roof.  Assuming  a  live  roof  load  of  30  lb  per  sq  ft 
and  10  lb  additional  for  accidental  load  from  overhead  shafting,  the  total  hve 
load  is  40  lb  per  sq  ft.  The  weight  of  the  slab,  if  3  in  thick,  which  is  as  thick 
as  is  usually  required,  is  37^^  lb  per  sq  ft.  The  beams  and  girders  weigh  another 
30  lb  per  sq  ft  (12  plus  18),  making  a  total  dead  load  of  70  lb,  including  the 
covering.  Adding  the  live  load  of  40  lb  to  this  gives  1 10  lb  per  sq  ft  as  the  total 
dead  and  live  load. 

The  Load  on  the  Fourth-Story  Column,  then,  is  400  times  no  lb  or 
44  000  lb,  not  counting  the  weight  of  the  column  itself,  as  for  practical  reasons 
no  column  should  be  made  less  than  10  by  10  in  in  cross-section.  Allowing, 
therefore,  500  lb  per  sq  in  unit  stress  on  the  concrete  for  columns,  which  is  the 
imit  stress  allowed  by  the  Philadelphia  Building  Bureau  in  reinforced-concrete 
columns  with  vertical  reinforcement,  the  carrying  capacity  of  a  10  by  lo-in 
column  is  100  times  500,  or  50  000  lb,  which  is  in  excess  of  the  load  to  be  carried. 
(See  Table  I.) 

The  Load  on  the  Third-Story  Column  is  the  load  from  the  one  above 
of  44  000  lb  plus  the  load  of  one  bay  of  the  fourth  floor,  which  is  217  lb  X  400 

-  86  800  lb,  being  the  total  dead  and  live  load;  or  86  800+  44  000  «•  130  800  lb.  to 
which  must  be  added  the  weight  of  the  column,  which  is  assumed  to  be  300  lb  per 
lin  ft.  As  it  is  about  1 1  f t  long  in  the  clear,  the  weight  of  the  column  is  3  300  lb, 
which,  added  to  130  800  lb,  equals  134  xoo  lb.  The  area  of  the  doss-section  of 
a  16  by  x6-in  colxunn  is  256  sq  m,  which,  at  500  lb  per  sq  in,  gives  xa8  000  lb  aa 
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the  safe  carrying  capacity.  While  this  is  6  loo  lb  less  than  the  load  to  be  carried, 
it  is  within  4%%  of  the  required  strength.  It  is  customary  to  make  a  reduc- 
tion of  the  bad  to  be  carried  on  the  colunms  in  proportion  to  the  amount  of 
floor-area  carried,  the  reduction  being  greater  as  the  floor-area  increases.  Usu- 
^y  a  5%  reduction  of  the  live  load  per  floor,  with  a  maximum  not  exceeding 
50%  on  the  bottom  columns  for  high  buildings,  is  considered  good  practice. 

Table  L    Strength  of  Reinforced-Concrete  Colnmna 


Cohimns  with  vertical  bars.    Safe  working  stress  on  concrete  500 

lb  per  sq  in,  the 

strength  of  the  rods  being  neglected  in  figuring  the  columns 

Size 

Area 

Total  safe 
loads  in  lb 

Size 

Area 

Total  safe 
loads  in  lb 

8X  8 

64 

32000 

X8XX8 

324 

X62000 

9X9 

8x 

40S00 

19X19 

36X 

X80S00 

xoXio 

100 

50000 

20X20 

400 

200  000 

ixXix 

121 

60500 

21X21 

44X 

220500 

xaXia 

X44 

72000 

22X22 

484 

242000 

X3XX3 

169 

84500 

23X23 

529 

264500 

X4XI4 

X96 

98000 

24X24 

576 

268000 

ISXXS 

22s 

XX2500 

25X25 

625 

3x2500 

16X16 

2S6 

X28O0O 

26X26 

676 

338000 

17XX7 

rf9 

144  500 

27X27 

729 

364500 

The  Load  on  the  Second-Story  Ck>liimn  is  134  100  lb  plus  the  load  from 
the  third  floor  and  the  weight  of  the  columns,  all  of  which  b  assumed  as  being 
equal  to  the  fourth-floor  load  and  weight  of  column,  or  90  100  lb,  making  the 
load  224,200  lb.  A  21  by  2x-in  column  will  carry  441  times  500  lb  per  sq  in, 
or  220  500  lb. 

The  Loftd  on  the  First-Story  Column  is  224  200  lb  plus  the  second-floor 
load  of  86  800  lb  and  the  weight  of  the  column,  which,  at  600  lb  per  lin  ft,  is 
6  600  lb,  or  a  total  of  3x7  600  lb.  A  25  by  25-in  column  will  carry  625  times 
500  lb  per  sq  in,  or  312  500  lb,  which  is  almost  the  required  strength.  The 
column-schedule  then  becomes 

For  the  first  story  25  x  25  in  in  cross-section. 
For  the  second  story  21  x  21  in  in  cross-section. 
For  the  third  story  16  x  16  in  in  cross-section. 
For  the  fourth  story  10  x  xo  in  m  cross-section. 

The  Reinforcement  in  the  Celnmns  should  consist  of  eight  %-in  round 
rods  in  the  two  lower  and  four  in  the  two  upper  stories,  with  ties  of  ^-in  roimd 
wire  every  x  2  in,  as  shown  in  Fig.  9.  It  is  the  custom  to  use  the  same  unit 
stress  on  reinforced-concrete  colunms  up  to  x  5  diameters,  and  not  to  use  columns 
whose  length  exceeds  15  diameters. 

The  Will  Piers.  The  schedule  of  all  the  wall  piers  is  made  by  the 
method  used  for  the  interior  colunms.  The  details  of  the  calculations  are  not 
gone  into  here,  results  only  bemg  given.  The  size  of  the  wall  piers  is  deter- 
mined by  the  architectural  effect  desired  and  by  practical  considerations. 
Assuming  30  in  as  the  smallest  face-dimension  of  the  piers,  this  size  should 
be  carried  up  the  full  height  of  the  building  (Fig.  10).  The  reveal  of  the  piers 
to  the  spandrels  is  6  in,  and  the  spandrels  should  line  up  flush  with  the  inside 
of  the  piers  if  by  so  doing  they  are  not  made  extremely  thick.    Reinforced- 
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Goncftite  spandrels  may  be  6  in  thick  and  give  good  results.  It  is  not  wise  tol 
make  them  thinner  than  this,  on  account  of  the  difficulty  of  constructing  them, 
it  is  to  be  noticed,  also,  that  the  Untels  or  spandrel  beams  act  as  ties  from  one 
wall  pier  to  anotber.  They  should  be  of  sufficient  strength  not  only  to  carr>'  the 
vertical  bads  coming  upon  them,  but  also  to  act  as  braces  to  take  up  any  vibra- 


TlM, 

I'apart 
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Fig.  9.    Interior  Column  Fig.  10.    First-story  Wall  Pier 

tion  in  the  direction  of  the  length  of  the  building;  just  as  the  deep  cross-girders 
resist  the  vibration  in  the  direction  of  the  width  of  the  building.  Very  fre- 
quently the  main  girders  are  nm  lengthwise  of  the  building,  that  is,  spanning 
the  shortest  distance,  while  the  beams  run  across  the  building.  Sometimes 
this  will  make  the  construction  more  economical;  but  the  reduced  height  of 
the  windows  in  the  side  walls  due  to  the  necessity  of  lowering  the  window-heads 
to  permit  the  beams  to  be  carried  by  a  lintel  running  over  them,  is  objectionahle, 
as  the  light  from  the  windows  in  this  position  is  not  as  effective  as  when  they 
are  run  up  to  the  under  side  of  the  floor-slab  or  oeilhig. 
The  wsJl-pier  schedule,  figured  on  the  assumption  above,  becomes 

For  the  first  story  30  x  i6  in  in  cross-section. 
For  the  second  story  30  x  12  m  in  cross-section. 
For  the  third  story  30  x  12  in  in  cross-section. 
For  the  fourth  story  30  x  12  in  in  cross-section. 

It  will  be  noticed  that  the  piers  in  the  three  upper  stories  are  of  the  siffle 
dimensions.  This  is  due  to  practical  requirements,  the  reveal  of  the  pier  to 
the  spandrel  being  6  in  and  the  minimimi  spandrel-thickness  6  in.  The  pier 
must  be  12  in  in  order  to  be  flush  on  the  inside  of  the  building. 

Spread  Foundations.  The  use  of  reinforced  concrete  for  the  footings  of 
a  building  results  in  economical  construction  when  it  is  necessary  to  project  the 
base  or  footing  more  than  is  customary  or  permissible  without  reinforcement  of 
some  kind.  In  order  to  give  sufficient  information  for  the  design  of  the  founda- 
tions for  the  building  under  disctission  hi  this  chapter,  as  wdl  as  for  other  types 
of  construction  met  with  in  practice,  several  examples  are  worked  out  hi  the 
foUowmg  pages.  The  sfanplest  form  of  rehiforced  concrete  spread  fooriNG  is 
shown  in  Fig.  5  and  consists  in  considering  the  overhanging  portions  of  the 
footings  as  cantilever  beams.  The  footings  of  the  interior  colimms  are  de- 
signed as  explained  in  the  following  paragraphs. 

The  Loa4  on  the  Footing.  The  load  on  the  footing  is  assumed  to  be 
317  000  lb  and  the  safe  bearing  value  of  the  soil  7  000  lb  per  sq  ft.  This  reqaiia 
a  spread  footing  of  317  000  lb  divided  by  7  000,  or  45  sq  ft.  The  side  of  the 
square  which  comes  the  nearest  to  this  area  is  6  ft  9  m  and  its  area  is  45.5  sq  ft 

The  Design  of  the  Footing.     The  footing  is  designed  as  follows:   As  each 

square  foot  of  footing  sustains  an  upward  pressure  of  7  000  lb,  the  overhangini 

ortion  is  treated  as  a  CANtitEVER  beak  TTircvoRtfLY  loaded.    The  load  dirortly 
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under  the  CQluma  proper  causes  no  bending,  and  this  load  is  neglected  in  finding 
the  bending  moment.  The  rods  should  be  run  as  shown  in  Fig.  5,  some  diago- 
nally and  some  at  right-angles  to  the  sides,  the  first  layer  located  3  in  from  the 
bottom  of  the  looting.  The  sixe  of  the  rods  on  the  diagonal  is  now  to  be  de- 
termined and  the  others  are  to  be  made  the  same  aze.  The  longest  length  of 
the  i-ft-wide  diagonal  cantilever  is  4  ft,  measured  from  the  center  of  the  column 
to  the  Intersection  of  the  i-ft-wide  strip  with  the  side  of  the  square.  The  bend- 
ing moment  on  this  strip  is  equal  to  the  load  on  an  area,  outside  of  the  column, 
3  ft  long  and  i  ft  wide,  or  (3  X  7  ooq  »  91  000  lb)  X  30  in  "  630  000  in-lb,  30  in 
being  the  distance  from  the  axis  of  the  column  to  the  center  of  gravity  of  the 
area. 

Assuming  the  footing  to  be  24  in  thick  over-all,  the  center  of  AcnoN  of  the 
sted  will  be  about  5  in  up  from  the  bottom,  making  an  effective  depth  of  19  in. 
As  the  leyer-arm  for  the  steel  is  nine-tenths  of  the  depth  when  the  stress  in  the 
concrete  is  600  lb  per  sq  in,  the  resisting  moment  of  the  steel  per  square  inch 
when  stressed  to  16  000  lb  is  x6  000  X  0.9  "  14  400  lb.  As  the  bending 
moment  is  630  000  in-lb,  the  number  of  square  inches  of  steel  necessary  per  foot 

630  coo 

in  width  is  — ^ 2.34  sq  in.    This  formula  is  for  rectangular  beams 

14  400  X  19 

when  the  bending  moment  is  given.  (See  FormuU  (i),  page  992.)  Spacing  the 
rods  4  in  on  centers  requires  three  rods  per  foot,  each  requiring  a  cross-section 
area  of  0.78  sq  in.  As  a  H-in  squaie  bar  haa  a  section-area  of  0.76  sq  in,  this 
size  will  be  used.  The  bars  in  the  layers  at  right-angles  to  the  side  are  made  the 
same  size  and  spaced  as  above,  so  as  to  avoid  complications  in  the  construction 
of  the  footing.  It  would  be  possible  to  space  these  farther  apart,  but  this  re- 
finement is  unnecessary.    (See  Fig.  5.) 

When  the  load  on  a  column  is  such  as  to  require  a  footing  more  than  2  ft  thick, 
it  is  cuatoraaiy  to  slope  the  top  of  the  footing,  thus  saving  in  the  quantity  of 
concrete,  or  else  to  provide  a  concrete  punth  or  block  at  the  bottom  of  the 
column  on  top  of  the  footing  so  as  to  reduce  the  projection  of  the  footing  and 
thereby  make  a  more  economical  design.  If  steel  column-cores  or  hooped 
columns  with  vertical  reinforcexnents  are  used,  a  metal  base-plate  is  necessary 
on  top  of  the  footing  of  sufficient  size  to  limit  the  direct  stress  on  the  footing  to 
Soo  lb  per  sq  in. 

Tito  Foundations  for  the  Outside  Walls  may  be  designed  in  either  of 
two  ways:  first,  as  continuous  footings  such  as  are  usual  in  ordinary  construc- 
tion, and  secondly,  as  isolated  piers  under  the  wall  columns.  In  the  first  case 
it  is  necessary  to  reinforce  the  footings  and  foundation-walls,  as  these  act  as 
continuous  beams  loaded  at  each  column,  and  must  be  made  strong  enough  to 
distribute  the  loads  from  the  columns  uniformly  over  the  entire  length  of  the 
footings.  The  foundation-walls  and  footings  can  be  treated  as  inverted  con- 
tinuous BEAMS  (Fig.  II),  the  upward  reaction  of  the  earth  being  considered  a 
uniformly  distributed  load  on  the  beams,  and  the  wall  piers  being  considered  as 
columns  supporting  the  beams,  with  the  load  on  each  pier  as  equal  to  the  load  on 
such  supports.  Fig.  12  shows  the  arrangement  of  the  reinforcing-rods.  Their 
size  is  determined  as  explained  jn  the  following  paragraph, 

Since  the  load  per  running  foot  of  the  foundation  is  equal  to  the  load  from  a 
pier  divided  by  the  distance  apart  of  the  piers,  omitting  the  weight  of  the  spandrel 
bdow  the  first-story  windows,  this  load  per  running  foot  =  191  140  lb,  the  load 
from  the  pier  +  16  ft  -  11  946  lb.  As  great  refinements  in  calculations  are  not 
required  in  footing-work  of  this  kind,  because  of  the  advisability  of  large  factors 
of  safoty  kr  this  part  of  the  building  and  the  small  reduction  hi  cost  due  to  any 
flidiicfincmant,  the  strongth  at  this  continuous  beam  is  calculated  by  the  formula 
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jif  «  Wl/%,  assuming  /  to  be  theclear  distance  between  the  piers^  or,  in  this  casej 
13  ft  6  in  (Fig.  12),  Therefore,  IT  -  13H  X  ii  946  -  i6i  271  lb  and  the  bendi 
ing  moment  M  -  (161  271  X  x62)/8  »  3  265  737  in  lb.  As  the  size  of  the  beam 
is  determined  by  the  thickness  of  the  wall  and  its  d^th,  all  that  is  necessary  b  to 
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Fig.  11.    Foundation-wall  an  Inverted  Continuous  Beam 

find  the  area  of  the  steel  by  referring  to  Formula  (i),  page  ^92,  which  gives! 

M         ^,   .        3  26s  737 
J,  or  i4  — 


A'- 


,p  w.  ..  -*  4.3  sq  in,  distributed  in  eight  ^-in  square 

14  400  a  14  400  X  52 

bars  with  a  total  area  of  cross-section  of  4.48  in.    These  are  in  two  layers,  four! 

running  straight  and  four  bent  as  shown  in  Fig.  12.    The  top  layer  is  placed  2  in 


Fig.  12.    Arrangement  of  Rods  in  Foundation-wall 

from  the  top  of  the  concrete.  The  footing  is  made  wider  than  the  wall  to  keep 
the  load  on  the  soil  within  the  safe  Jimit  of  7  000  lb  per  sq  ft.  The  width  is 
determined  as  follows.  As  the  column-spacing  is  16  ft,  center  to  center,  7  000  X  16 
B  X12  000  lb,  the  load  the  foundation  i  ft  wide  and  x6  ft  long  will  carry;  hence 
to  carry  212  120  lb  (the  load  from  the  pier,  plus  20980  lb,  the  weight  of  the 
spandrel  and  footing),  212  120  is  divided  by  112  000,  giving  1.9  ft  for  the  width 
of  the  footing,  or  x  ft  11  in,  nearly. 

Isolated  Piers.  In  the  second  case,  a  spread  footing  is  provided  imdcr 
each  wall  column  in  the  same  manner  as  under  the  interior  columns,  but  designed 
for  the  lighter  load.  The  foundation  or  spandrel  wall  is  not  made  .as  heavy  as 
m  the  first  case,  as  it  carries  no  load  except  its  own  weight  and  the  wall  or  window 
above  it.  (Sec  Fig.  5.)  Where  the  soil  is  bad  and  of  low  carrying  capacity, 
the  pier-uethod  is  found  to  make  an  economical  foundation,  especially  where  it 
is  necessary  to  use  piling  under  the  building,  as  the  piles  can  be  grouped  under 
the  piers  and  columns,  and  capped  with  reinforced  concrete.  The  foundation  or 
spandrel  walls,  properly  reinforced,  can  be  carried  from  pile-cap  to  pile^ap.  li 
they  do  not  depend  on  the  soil  directly  under  them  to  sustain  the  load. 

Combined  Column-Footi&gs.  It  very  frequently  happens  that  a  build- 
ing is  to  be  built  adjacent  to  and  abutting  on  a  property-line,  and  as  tbt 
f oundatioDs  must  not  encroach  upoa  the  adjacent  property  the  ooluams  must  be 
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buflt  on  the  edge  of  the  footings.  In  order  to  secure  uniform  soil-pressure  it  is 
often  necessary  to  combine  an  interior  with  an  exterior  colunm-footing  so  as  to 
distribute  the  load  uniformly  from  the  two  columns  to  the  soil  below.  Some- 
times it  is  necessary  to  combine  the  footings  of  more  than  two  colimins.  Fig.  13 
shows  the  details  of  an  actual  construction  anc)  may  be  regarded  as  typical.  The 
loads  from  the  columns  in  thb  case  are  almost  identical,  one  being  700  000  lb 


Fig.  13.     Combined  Column-footing 

and  the  other  790  000  lb,  so  that  the  shape  of  the  combined  footing  in  plan  can 
be  EECTANGUi«\R,  as  the  center  of  gravity  of  the  two  loads  is  practically  at  the 
middle  of  the  span.  When  one  column  is  more  heavily  loaded  than  the  other, 
the  center  of  gravity  of  the  loads  is  no  longer  at  the  middle  of  the  span,  but 
nearer  one  column;  hence  it  is  necessary  to  make  the  combined  footing  trape- 
zoiOAi.  in  plan  so  that  the  center  of  gravity  of  the  trapezoid  will  coincide  with 
the  line  of  action  of  the  resultant  of  the  loads  from  the  columns. 

The  following  calculations  for  the  design  of  this  footing  are  the  actual  ones 
made,  and  serve  as  a  good  example  of  the  necessity  of  assuming  certain  sizes  at 
the  start  which  the  final  calculations  may  change.  The  width  of  the  founda- 
tion being  determined  by  the  load-limit  on  the  soil,  which  in  this  case  is  not  to 
exceed  7  000  lb  par  sq  ft,  and  the  size  of  the  column-base  being  known,  we  may 
proceed  to  determine  the  bending  moicent  in  the  footing.  We  assume  an  area 
of  7  X  32  ft  —  224  sq  ft,  giving  a  soil-pressure  of  i  490  000  lb  -i-  224  sq  f t  -  6  650 
lb  per  sq  ft,  or  6  650  X  7  -  46  SSo  lb  per  running  foot.  The  point  of  maximum  * 
bending  moment  is  where  the  vertical  shear  is  zero  and  is  determined  by  the 
equation  700000/46  550-  15  ft.    Also,  15  ft—  1.05  ft  ■»  13.95  ft.    Hence 

If  max  -  [(700  000  X  13.9s)  =  9  76s  000  ft  lb]  -  [(46  SSO  X  IS  X  7H) 
-  5  236  87s  ft  lb]  -  (4  528  125  X  12)  =  54  337  500  in  lb 
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The  1.05  ft  is  oae-hiJf  the  column-width,  2  ft  i  in. 

We  may  determine  the  depth  of  the  foukoatiom  by  Mwiming  a  aoa^ 
sectional  area  of  the  reinforcing-stcel  and  solving  in  Formula  (i),  page  993,  for 
the  depth.  For  practical  considerations  square  bars  larger  than  iH  in  square 
should  not  be  used;  hence  by  trial  we  find  that  thirty  iK-in  square  bars  with  a 
section-area  of  46.8  sq  in.  placed  in  two  rows  in  the  top  part  of  the  fouodatioo, 
will  space  out  just  right  for  a  width  of  beam  of  64  in,  which  is  6  in  wider  than 
the  5g-in  dimension  of  Column  No.  i.    The  depth  then  by  this  formula  is 


i4  40Oi4 


,  Old' 


54  337  500 
14  400  X  46.8 


>8oin. 


the  depth  from  the  center  of  the  steel  to  the  bottom  of  the  concrete.    Therefore, 
80  +  4  »  84  in,  the  total  depth  of  the  foundation. 
The  WIDTH  OF  THE  FOOTING  AT  THE  BASE  must  be  increased  to  keep  the  unit 


Fig.  14.    Section  through  Flight  of  Reinfoiced-coiicrete  Stairs 


stress  on  the  concrete  in  compression  within  the  allowable  stress,  600  lb  per  sq  in. 
As  the  total  horisontal  compression  in  the  beam  must  equal  the  total  tension  in 
order  to  satisfy  the  requirements  for  equilibrium,  we  have  total  tension  -  16  000 
lb  per  sq  in  X  46.8  sq  in  «.  748  800  lb.  From  Table  V,  page  930,  Chapter  XXIV, 
the  depth  of  the  area  of  the  concrete  in  compression  is  equal  to  p.51  X  80 
«  24.8  in.  The  width  is  found  by  dividing  748  800  by  (300  X  24.6  -  S  440) 
the  resistance  of  the  concrete  per  mch  in  width  of  the  beam,  which  gives  89  in  for 
the  width  of  the  concrete  at  the  bottom  of  the  footing,  300  lb  being  the  average 
unit  stress  on  the  area  of  the  concrete  in  compression,  since  the  stress  actually 
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varies  from  600  !b  on  the  outside  upper  surface  of  the  concrete  to  zero  at  the 
neutral  axis. 

The  Stairf.  The  ease  with  which  stairs  can  be  built  of  reinforced  concrete  has 
led  to  its  general  adoptbn  for  this  purpose  in  reinforced-concrete  buildings.  As 
stairs  are  generally  enclosed  in  stair-towers  or  shafts,  thdr  construction  usually 
takes  the  form  of  the  double  run  or  half -pace  type  (Fig.  14).  This  reduces  the 
length  of  the  run  so  that  the  construction  does  not  beoome  too  heavy.  Each  run 
of  stairs  is  considered  as  an  Inclined  beam  and  is  so  figured,  being  supported  at 
the  top  and  bottom  on  the  stair-landing  header-beam.  The  roids  are  placed 
near  the  bottom  of  the  slab  and  run  continuously  from  top  to  bottom.  The 
depth  of  the  beam  is  considered  to  be  equal  to  the  distance  from  the  soffit  of 
the  stairs  to  the  comer  formed  by  the  tread  and  rise,  as  shown  by  the  letter  D 
in  Fig.  14.  The  landings  are  figured  the  same  as  floor-slabs.  Their  supporting 
beams  are  calculated  to  carry  the  load  coming  upon  them  from  the  landing  and 
from  the  upper  stair-run,  ^ch  starts  from  the  landing-beam.  The  lower  stair- 
run,  coming  up  under  the  landing-beam,  acts  as  an  inclined  strut  and  supports 
one-half  of  this  beam.  Hence  the  span  of  the  landing-beam  is  equal  to  the  dis- 
tance from  the  wall  of  the  stair- 
tower  or  shaft  to  the  inside  edge  of 
the  stair-run  from  below,  and  is  a 
little  more  than  one-half  the  width  ^  / 

of  the  stair-shaft.    This 'makes  the  /» 

design  of  reinforced-concrete  stairs      *  ^. 
very  economical.     (See  page  905.) 

Example  in  Sttir-Design.  It  is 
assumed  that  each  of  the  runs  is  4  ft 
wide,  and  that  the  maximum  live 
load  that  can  come  upon  the  stairs  ^^' ^ 
in  a  crush  is  one  person,  weighing 
150  lb,  for  each  2  ft  of  step,  or  75  ^« 

lb  per  lin  ft  of  step.  With  steps  4 
ft  wide  the  live  load  is  300  lb  per 
step  or,  for  ten  steps,  10  times  300 

or  3  000  lb  per  run  for  the  live  load.  Fig.  15.  Detail  o(  Reinforced-coocrete  Steps 
The  dead  load  is  approximately  400 

lb  per  step,  or  4  000  lb  for  the  nm.  This  makes  a  total  load  on  the  inclined  beam 
of  7  000  lb.  The  span  in  calculating  mdined  beams  is  taken  at  the  horizontal 
distance  between  supports;  hence  in  our  example  the  span  is  8  ft  9  in.    The 

maximum  bending  moment,  therefore,  is =  73  500  m-lb,  figuring 

10 

the  run  as  partially  restrained.    Assuming  the  thickness  of  the  slab  to  be  5  in,  the 

effective  depth  is  4  in,  and  the  area  of  steel  per  foot  of  width  for  this  depth  and 

bending  moment  as  above  is <=  1.3  sq  in,  approximately.    If  %-in 

4  X  14  400        "  ^ 

square  bars  are  used  having  a  section  area  of  0.56  sq  in,  they  should  be  spaced 
sH  in  apart.  It  is  customary,  also,  to  run  H-in  square  bars,  spaced  2  ft  on 
centers,  at  right-angles  to  the  main  rods,  as  shrinkage-bars.  It  is  also  customary 
to  run  the  rods  which  reinforce  the  run  of  the  stairs,  from  the  wall-edge  of  plat- 
form at  the  top  to  the  wall-edge  at  the  bottom,  bending  the  rods  to  make  them 
come  in  the  bottom  of  the  landing-slabs  and  act  as  their  reinforcement.  This 
makes  a  very  rigid  and  economical  construction.  The  treads  should  be  finished 
with  a  i-m  top  surface  of  cement  and  grits;  and  the  risers  can  be  brushed  smooth 
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Span  of  feet  ^  ""  "5" 

Fig.  16.    Diagram  for  Strength  of  Reioforced-concrete  Slabs 


when  their  forms  are  removed.  The  riser-forms  should  be  removed  as  soon 
as  the  concrete  has  set  sufficiently  to  hold  its  shape,  so  that  the  top  of  each  strp 
or  tread  can  be  incorporated  into  the  concrete.  Top-surfadng  applied  after 
the  concrete  has  set  hard  is  very  likely  to  become  loose  and  break  oflF.  A  very 
good  form  of  step  is  shown  in  the  detail.  Fig.  15.     Whea.the  stair-nins  are 
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▼ery  long  and  cannot  be  carried,  at  bottom  and  top  where  the  steps  start  and 
stop,  on  header  beams,  a  reinforced-concrete  beam,  forming  an  outside  string, 
should  be  used  and  the  stair-reinforcement  nm  parallel  with  the  risers  from  the 
string  to  the  wall.  The  beam  forming  the  string  can  be  made  any  convenient 
height  and  width,  and  reinforced  to  suit  the  load. 


5     6     7  ,  8     9    10    11,  6      7     8     9,    10    11    12    13 

6  Slab  U=i^  •^''** 

Span  in  feet  "^     * 

Fig.  17.    Diagram  for  Strength  of  Reinforced-concrete  Slabs 

EziiUiiation  of  Diagrams  and  Fomitilas.  Figs.  16,  17,  18  and  19  are  to 
be  used  in  designing  reinforced-concrete  slabs.  These  diagrams  are  plotted 
from  calculations  made  in  accordance  with  the  1907  Regulations  of  the  Phila- 
delphia Bureau  of  Building  Inspection,  which  permit  a  unit  compressive  stress 
of  600  lb  per  sq  in  in  the  concrete  and  a  tension  of  x6  000  lb  per  sq  in  in  the 
steel,  with  a  ratio  of  the  moduli  of  elasticity  of  steel  to  concrete  equal  to  13. 

le 
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These  unit  stresses  give  a  factor  of  safety  of  4,  based  on  the  ultimate  strengths 
of  the  materials  and  have  been  found  to  give  results  in  practice  which  are  con- 
sistent with  safety  and  economical  constructioui  the  concrete  being  a  1  :  a  :  4 


Span  in  feet 
Fig.  18.    Diagram  for  Strength  of  Reinforced-concrete  Slabs 

mixture  and  the  aggregate  a  good  hard  stone.  The  building  laws  of  va.iin£r 
cities  usually  specify  the  allowable  unit  stresses  to  be  used  in  designio^  r^niorvT.-, 
concrete  structures,  and  when  they  differ  from  those  used  in  the  calcuUtko. 
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corrections  wUI  h^vg  to  |3e  made  in  tkp  results  obtained  when  using  the  diagrams. 
However,  ^hen  one  has  the  option  of  choosing  his  own  method  of  calculating, 
the  di^^Si^Qis  may  be  used  with  absolute  safety. 

Figs.  20,  21,  22  fnd  23  afe  djagr^ns  of  the  strength  of  T  beams.    The  cal- 
culations in  these  diagrams  are  based  on  th^  same  unit  stresses  as  above;  but 


^• 


(2 


Span  in  feet  M— ^ 

Fig.  19.    Diagram  for  Strength  of  Reiolorced'OODcrete  Slabs 

the  c£Fectivt  depth  of  the  beam  is  taken  as  th^  distance  from  the  center  of  action 
of  th«  steel  to  the  oenter  of  the  concrete  slab  and  not  to  a  ppint  one-third  the 
thickoMB  of  the  slab  from  the  top.  It  is  more  nearly  correct  to  assume  the 
center  of  gravity  of  the  compressive  forces,  at  the  center  of  the  slab,  since  in 
most  cases  hi  practice  the  neutral  axis  of  the  T  beams  falls  below  the  lower  sur- 
face of  the  slab. 
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DIAGRAM  OF  STRENGTH  OF  T  BEAMS 
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Area  of  steel,  square  inches. 
Fig.  20.    DiasTua  {or  StieDSth  oC  T  Beams 
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Area  of  steel,  square  inches. 
Fig.  21.    Dtagnm  lor  StRDfth  of  T  Beanu 
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DIAGRAM  OP  STRCNQTH  OP  T  BEAMS 
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Fig.  22.    Diagram  for  Stxcngtb  of  T  Beams 
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OIAQRAM  OF   8TRCNQTH   OF  T   BEAMS 
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Area  of  steel,  square  inohes. 
Fig.  23.    Diagram  for  Strength  of  T  Beams 
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The  following  fonnolas  are  for  the  strength  of  rectangular  beams  or  slabs, 
based  on  various  percentages  of  steel,  the  beams  being  considered  to  be  as  amply 
supported  at  the  ends.  They  are  calculated  in  accordance  with  the  Philadelphia 
requirements,  and  can  be  used  in  investigating  the  strength  of  rectangular 
beams  and  slabs  without  obtaining  the  bending  moment.  They  are  very  con- 
venient in  checking  up  a  design  already  made,  or  in  establishing  the  area  of  the 
steel  reinforcement  when  the  size  of  the  concrete  beam  or  ilab  ia  fixed,  ma  shown 
by  the  example  given. 

w  xJoad  b  pounds  per  running  foot; 

b  ■•  breadth  of  beam  in  inches; 

d  ■•  depth  to  center  of  action  of  steel  in  inches; 

/  "•  q>an  in  feet; 

p  ■•  percentage  of  steel  to  area  of  concrete  above  center  of  steel  to  top  of  beam. 

When  ^-0.5%    then    to^A^-^ 

P  -  0.6%  W  -  s6  -jj- 

^  hi* 

P-0.7%  W-S9-p- 

P  -  0.8%  IT  -  62  — 

^-0.9%  tt'-64.S-p- 

^  -  1%  «•  -  67  y 

Bzample.    Find  the  total  load  per  square  foot  that  can  be  carried  by  a  4-in 
slab,  with  a  5-ft  dear  span,  reinforced  with  a8%  of  steel  per  running  foot. 
Solation. 

12x3*      ^       108        ^^^,. 

w  -  6a  X ; —  =•  62  X  —  -  266.6  lb 

S«  as 

From  this  must  be  deducted  the  weight  of  slab  and  floor-finish  to  obtain  the 
live  load.  If  finished  with  x-in  cement  top  coat  laid  directly  on  the  concrete 
the  total  dead  weight  is  62^  lb,  which,  deducted  from  266.6  lb,  leaves  204.1  lb. 

Note.  If  the  total  load  carried  by  the  beam  is  desired,  use  /  instead  of  I* 
in  the  formula.  These  formulas  are  based  upon  the  stress  in  the  concrete  not 
exceeding  600  lb  per  sq  in  and  a  tension  in  the  steel  of  16  000  lb  per  sq  in,  with 
a  ratio  of  the  moduli  of  elasticity  of  the  concrete  and  steel  equal  to  12. 

Formula  for  the  Resisting  Moment  of  Rectangular  or  T  Beamt.    This 
is  Formula  (6),  page  936,  Chapter  XXIV,  only  in  a  different  form,  and  is  to  be 
used  when  the  percentage  of  ^ed  is  not  greater  than  0.58  of  z%. 
if  »  the  maximum  bending  moment  in  inch-pounds; 

d  «  the-  depth  from  the  top  of  the  beam  to  tlie  center  of  action  of  the  sted  in 
Inches; 

A  "  the  area  of  the  sum  of  the  cross-sections  of  the  sted  ban  m  square  inches. 

M 

M»AX  16000X0.9^  or  A :; 

z4  40oi 

or  ''-— ^      («) 

I4  400il 
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Given  a  bending  moment  of  317  72S  in-lb  and  a  depth  (over  all) 
€i  beam  of  x6  in,  to  find  the  sectional  area  of  steel  necessary  to  make  the  resisting 
moment  equal  to  the  bending  moment. 
Solntion. 

A ;  or  i4 i.ia  sq  m. 

14  400  d  14  400  X  i^yi 

Using  two  round  bars  of  H-in  diameter  we  have  0.56  sq  in  X  2,  or  1.12  aq  in. 
Allowing  3  in  for  fireproofing  and  ^  in  to  the  center  of  the  bars,  the  effective 
depth  of  the  beam  is  reduced  to  13H  in.  For  the  width  of  the  beam  we  can  use 
Fonnula  (5),  page  935,  Chapter  XXIV,  substituting  for  K  the  value  correspond- 
ing to  the  imit  stresses  and  the  ratio  of  the  moduli  of  elasticity  for  the  con- 
crete and  steel  we  have  been  using,  namely,  600  and  16  000  lb  per  sq  in  for  the 
unit  stresses  and  12  for  the  ratio.  This  value  of  K,  from  Table  V,  page  930^ 
Chapter  XXIV,  is  S34  and  M  >-  83.4  b^.    Transposing,  we  have 

M  217  728  217728 

"  83.4  ^'  ^'     "  83.4  X  (13H)*  *  83^  X  182.2  "  '*'^  "* 

The  beam  therefore  will  be  14^  in  X  16  in  in  cross-section,  reinforced  with  two 
^-in  round  rods  placed  so  that,  there  will  beiHin.  from  the  bottom  of  the  beam 
to  their  cen^.  As  the  width  of  this  beam  is  excessive  for  the  number  of  rods 
used,  it  is  uneconomical.  It  would  be  better  to  design  the  beam  with  a  T  section 
reducing  the  width  to  6  in  for  the  stem  and  making  the  top  flange  14H  in  wide 
and  13.5  X  0.31 «  4.18  in  thick.  The  ratio  of  the  distance  of  the  neutral  surface 
bek>w  the  top  of  the  beam  to  the  effective  depth  of  the  beam,  for  the  values  we 
have  been  using  is  0.31  (see  Table  V,  page  930,  Chapter  XXIV),  and  in  order  to 
have  sufficient  concrete  in  compression  at  the  top  of  the  beam  to  balance  the 
tensile  stress  in  the  steel,  the  head  or  flange  of  the  T  must  extend  from  the  top 
to  the  line  of  the  neutral  surface. 

GirderiefS  Floort.*  In  order  to  familiarize  the  student  with  the  design  of 
GiXDESiESS  noosts,  an  example  is  worked  out,  in  which  the  area  of  a  panel  or  bay 
b  assumed  to  be  400  sq  ft,  the  same  as  that  of  a  typical  bay  in  the  f actory-buOd- 
ing  already  considered  in  this  chapter.  The  colunm-spadng  is  made  the  same 
in  both  directions,  so  that  the  panels  are  square,  with  a  length  of  side  of  20  ft. 
Without  discussing  the  various  methods  of  computing  the  strength  of  flat,  re- 
tnforced-concrete  plates,  we  will  use  one  under  consideration  by  the  Bureau  of 
Building  Inspection  of  Philadelphia,  f  This  is  a  conservative  method.  It  haa 
been  careful^  woAed  out  in  all  its  details  and  applications  and  gives  results 
conastent  with  safety  and  economical  design.  "Die  following  paragraphs  set 
forth  the  notation  and  equations  of  this  method  as  published  by  the  Philadelphia 
Bureau  which  calls  it  the  drop-construction. 

X  -  the  length,  center  to  center  of  columns,  of  the  longest  of  straight  bands 

in  inches. 
Li «  the  diameter  or  width,  edge  to  edge,  of  the  capital-head  in  inches, 
w  «  the  total  dead  and  live  load  per  square  foot. 
^  »  the  distance  from  the  center  of  action  of  the  concrete  in  compression  to 

the  center  of  the  steel  at  the  drop  in  inches. 
dt »  the  distance  from  the  center  of  action  of  the  concrete  in  compression  to 

the  center  of  the  steel  at  the  center  of  the  slab  in  inches. 

•  Sec,  tho,  Chapter  XXIV,  page  952.  Flat-Slab  Construction, 
t  To  Edwin  Clark,  Chief  of  the  Bureau  of  Buflding  Inspection,  Philadelphia,  Pa.,  is 
due  the  ciedit  for  working  out  and  perfecting  the  practical  applications  of  this  method. 
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Jt  th(t  dfBQihCOiptry^tipD  [s  pot  1|9e4,  <l  -  ^. 
Siilipfiiii  ^f^lh  pf  ^!»lt>  i9  to  be  providev}  £or  ^keMing-Uiessn  u  woU  m  ior 
bending-stresses. 
Width  of  capital-head  >  not  less  than  flo  L. 
Width  of  drop- aMooZ.. 
Width  of  bands  »  Hd  X.. 

X  »  the  area  of  section  of  sted  over  the  capftal-faead. 
3^  a  t^  area  (4  stsctiop  of  liteet  in  center  of  b«y« 
rr  ijr «  ^e  bepidiffg  piomispt  at  th(»  edge  of  thfi  (capitAl-bfitd. 
■i-Uf'th^  binding  monM^t  At  UiP  center  of  the  qmh. 

The  load  carried  by  the  strai^t  band  «  —. — — ; — — ^- — x  • 

2 

^     tpt^  bay  -r  papitaJ-head ,,  vLi 
—  M  " ^ 

total  bay  —  capital-head     wZ4 

WMtb  of  ppperete  tp  r^t  cp^^p^e^o^  ft  ecjgig  ol  €a(4t44^)Mif4 «?  iKM  of 

H'Z* 
Width  of  concrete  to  resist  compression  when  peg^^tive  moment  * 

m  wndtk  Qf  bfwd+  3  T»  in  which  T <*  the  thickness  of  slab. 
Width  of  <»Qcrete  tp  resist  compression  at  middle  of  sp^n  «  width  (4  bend 

M 

"      J  X  16  000 

Place  66%  of  x  in  straight  bands  1  .... 

T>i  /«    I.     .    J.  1 1^     J    f  over  capital-head. 

Place  43%  of  X  m  diagonal  bands  J 

M 

fft»4-  -, 1 ' 

A  X  16  opo 

Place 66% of  «i  in tftmight bands  1   ^    ....     . 

Til  OS    t     '    A'         lu    J   >  at  nwddle  of  «pan. 

Place  43%  of  «i  m  diagonal  bands  J 

Th^drop  equals  the  abacus  outside  of  thec^pital-b^>  pr  the  w^fi^stA  th^dpicsp 
p(  the  cgncret^  tP  obtain  tbe  necessary  compression  in  the  ppppr^.  This  is  not 
generally  qccessary  when  the  live  lo^  of  the  ^PPF  is  light,  4ay  ^9p  lb  p^  94  It 
af)4  t^  sp^  i§  not  excessive,  Tp  determine  ^  ^  4^;  deduct  fp^m  the  total 
thickness  of  the  slab  i  in  to  the  center  of  (he  steel  wbf^  }^^  rods  ^ire  )<^  w  or  less 
in  diameter;  if  over  H  in  deduct  iH  in;  and  multiply  the  result  by  0.9.  The 
result  will  be  the  distance  from  the  center  of  the  steel  to  the  center  of  action  of 
the  compressive  stresses  in  the  concrete. 

The  depth  k  is  the  distance  from  the  top  of  the  slab  to  the  center  of  the  sted 
and  is  used  in  finding  the  thickness  of  the  slab.  Applying  the  above  formulas  to 
the  example  considered,  using  a  floor-load  of  i  so  lb  per  sq  ft  as  in  the  previous 
example,  and  assuming  an  average  slab-thickness  of  8  in  with  a  i-4n  top  finish- 
Goat  of  cement,  the  dead  load  is  100  lb  -{- 13  lb  «  1 13  lb,  which  added  to  the  live 
load  «  233  lb,  total. 

The  arrangement  of  the  bands  is  showi>  in  plan,  Fi^.  ^,  th^  width  beiiu;  W$  L, 
or  H  the  sjPAn  of  ao  ft,  which  is  10  ft.  The  dmm^ter  of  th«  coluiiMi-to4  S  He  ^. 
or  4  ft,    Th<p  width  o(  the  drop  is  «H«o  ^,  op  7  ft  7  i»» 
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Fig.  24^    Airaii^feteent  ol  Bands  in  Gidfc^leas  Fktof 

The  total  area  of  the  bay  »  20* »  400  sq  ft* 

The  area  of  the  capital-head  «  4'  »  16  sq  ft.    Hien,  by  tlie  tormvia,  tiie  load 

400  —  16 
carried  by  the  straight  bands » ^X  233  -^  44  isB  lb 


12 

44  736Xli 


+  lf. 


12 
44  7J^Xi6Xia 


3if  888  k-lb 


24  24 

thfc  fcffltfiig-ttioftifeht  dfe^rtWi  is  shown  ifl  I'lg.  2S. 

It  k  necMaaiy  aext  to  find  th($  tUckness  of  the  concrete  at  the  drop^  The 
formula  used  to  find  the  depth  of  a  beam  when  the  bending  moment,  the  kidth 
of  the  beam  and  the  allowable  stress^  ktt  give^,  is  as  fol  Wd,  in  ^Irieh  h  cqtmh 
tile  fitfUll  def^h  6f  the  slitb  frt^tn  the  cent^  of  th«  steel  t<y  th«  topr  df  tfatf  cofici^te: 


V  Oit7  X  bSt      ▼  0.27  X  9»  X  feo 


the 


lA  thfe  fiitiA\3kL  ft-  the  width  of  the  drop  And  5.  «*  6od  lb  fjet  §c|  ift. 
d^Kh  of  the  6tcfp  oiftt  all,  therefore,  is  10+  i  -  11  in  (F]g.  20). 

The iitel  ofwe thd cohmm  dt  the  dlop «*  jt!«  -^  3 r —  in  which  d^o^k 


or  0.9  X  10  >-  9« 


^X  16000 
^*  .^^fj?      »  4.^  in,  or  about  5  &> 
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The  straight  band  will  have  66%  of  s  or  3^  sq  in  of  steel.    A  H  round  rod  has 
a  cross-sectional  area  of  0.1 1  sq  in.    Therefore,  there  ?rill  be  — ^  >  30  bars  over 

O.XX 

the  capital-head  in  the  straight  band.  As  the  bars  from  the  adjoining  span  over- 
lap the  column-head,  extending  into  the  next  span  as  far  as  the  edge  of  the  drop, 
each  straight  band  over  the  column  will  have  *%  or  fifteen  bars.    The  diagonal 


-  Oeatec  llae  of  Oolmui- 


1».        Top  Svbee 


Fig.  25.    Bending-moment  Diagram  for  Girder- 
less  Floor 


Fig.  26.    Capital-head  and  Slab 
ia  GirdericBB  Floor 


bands  ?dll  have  43%  of  5  or  2.15  sq  in,  which  will  require  twenty  H-in  round 
rods  over  the  column,  or  ten  on  each  side,  lapped  as  above.  The  thickness  of 
the  slab  at  the  middle  of  the  span  b  found  by  the  formula  given  above,  substi- 
tuting the  proper  values  for.  the  letters.    The  formula  becomes 

» .  i^n^il^  .  i/tHm  .  Vi; .  5.6  in 
▼  0.27  X  138  X  600       T    22  356 

The  total  depth  is  5.6-!- 1  in  -  6.6  m,  or  about  7  in. 
The  width  of  the  band  -  10  ft-!-  (3  X  6  -  18)  -  138  in. 
For  the  steel  at  the  center  of  the  span 

M 

•  +  TT7~rrTT  hi  which  di »  0.9  A  or  0.9  x  7  -  6.3  in 


di  X  16  000 

357  888 


3.Ssqhi 


6.3  X  16  000 

The  strught  bands  will  have  66%  of  3.5  or  2.31  sq  in  of  steel  which  will  le- 

2.31 
quire  -^—  »■  twenty-one  H-in  round  bars  or  six  bars  more  for  the  middle  of  the 
0.1 1 

qtan  than  for  the  band  set  over  the  column. 

In  practice  the  rods  are  made  the  full  length  of  the  span,  from  column  to 
column,  plus  the  width  of  the  drop,  or  in  this  example  20  ft  +  7  ft  7  in  ~  27  ft  7  in 
for  the  fifteen  rods.  Six  additional  rods,  13  ft  long  or  about  the  distance  from 
the  edge  of  one  drop  to  the  edge  of  the  next  one,  must  be  used  with  the  fifteen  to 
make  the  twenty-one  required  for  the  middle  of  the  span.  The  diagonal  bands 
will  have  in  the  center  43%  of  3.5  sq  in  «  1.5  sq  in  which  require  fourteen  H^ 
round  rods  or  four  more  than  one  set  of  rods  over  the  column  These  four,  how- 
ever, are  to  be  added  at  the  middle  of  the  span  between  the  drops.  The  rods 
are  bent  up  over  the  colufnn-head  so  as  to  be  near  the  top  of  the  slab  to  take  care 
of  the  negative  bending  moment,  the  bars  extending  horizontally  near  the  top 
of  the  slab  the  full  width  of  the  drop.  It  is  necessary  to  provide  bent  radial  rods 
extending  down  into  the  column  and  outwards  as  far  as  the  outer  ring  with  two 
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or  more  rings  as  remforcements  of  the  column-head.  The  size  and  number  of 
these  varies  with  the  span  and  load;  but  for  the  floor  under  consideration  there 
should  be  eight  i-in  radial  rods  as  near  the  top  of  the  slab  as  practicable,  the 
diameter  of  the  outer  one  being  equal  to  the  width  of  the  band  and  that  of  the 
inner  one  being  equal  to  the  capital-head.  It  will  U;  noticed  in  the  above  analysb 
that  before  any  calculations  could  be  made  certain  assumptions  were  necessary, 
such  as  the  thickness  of  the  slab,  which  was  assumed  as  8  in,  in  order  to  obtain 
the  dead  load;  whereas  in  the  finished  design  the  thickness  of  the  slab  is  7  in  and 
the  drop  11  in,  which,  however,  does  not  affect  the  practical  results  materially. 
It  is  for  this  reason  that  the  design  of  flat  slabs  should  be  intrusted  only  to  those 
who  have  wide  experience  in  the  design  of  reinforced  concrete,  as  good  judgment 
enters  into  the  making  up  of  a  successful  design;  and  one  who  is  inexperienced 
should  consult  a  specialist  in  this  particular  system  of  construction,  if  a  design 
is  to  be  put  into  execution. 
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CHAPTER  XXVI 
TYPES  OF  KOOF-TEUSSES 

By 
MALVERD  A.  HOWE 

FSOPESSOR  OP  CIVIL  ENOINEXRIMO,  106B  POLYTECBNIC  mSTRUTX 

1.    Deflnitioiit 

Use  of  Trusses.  Whenever  the  distance  between  the  side  walls  of  a  build- 
ing exceeds  about  thirty  feet,  and  there  are  no  intermediate  walls  or  columns^  it 
is  usually  necessary  to  support  the  roof  on  trusses.  The  ceilings  of  large  rooms, 
assembly-halls,  etc.,  also,  require  trusses  for  their  support.  In  many  cases  the 
roof  and  a  ceiling  are  carried  by  the  same  trusses. 

A  Truss  is  a  framework,  composed  of  straight,  or  sometimes  curved,  mem- 
bers or  pieces  so  arranged  that  the  structure  as  a  whole  acts  as  a  beam.  Since 
a  triangle  is  the  only  figure  which  cannot  be  changed  in  shape  without  changing 
the  length  of  one  or  more  of  its  sides,  it  follows  that  the  pieces  forming  a  truss 
must  be  arranged  so  as  to  form  triangles.  The  members  of  a  truss  are  usually 
subjected  to  longitudinal  stresses  only,  either  compressive  or  tensile.  Curved 
members  and  members  which  act  as  beams  supporting  loads  are  subjected  to 
additional  bending  stresses.    Each  member  of  a  truss  is  either  a  he  or  a  stkct. 

A  Tie  is  a  member  which  has  developed  in  it  a  longitudinal  tensile  stress. 

A  Strut  is  a  member  which  has  developed  in  it  a  longitudinal  compressive 
stress.    When  vertical,  struts  are  sometimes  called  posts  or  columns. 

The  Top  Chord  of  a  truss  is  composed  of  the  upper  outside  members.  In 
some  forms  of  roof -trusses  top  chords  are  called  rafters  (Fig.  2). 

The  Bottom  Chord  of  a  truss  is  composed  of  the  lower  outside  members 
(Fig.  2).    In  roof-trusses  the  bottom  choid  is  commonly  called  the  US-beam. 

The  Web-Members  are  those  connecting  the  chords  (Fig.  2). 

A  Joint  is  the  point  of  intersection  of  two  or  more  members  of  a  truss  (Fig.  2). 

A  Panel  is  the  distance  between  two  adjacent  joints  in  either  the  upper  or 
lower  chords  (Fig.  2). 

Purlins.  Whenever  possible  aU  roof-loads  and  ceiling-loads  should  be  trans- 
ferred to  trusses  at  the  joints.  This  usually  requires  beams  spanning  the  space 
between  trusses  at  corresponding  joints.  These  beams,  when  supporting  the 
roof,  are  called  purlins  (Fig.  2). 

t.  Types  of  Wooden  Trussei 

The  Simplest  Truss  that  can  be  built  is  that  shown  in  Fig.  I.  It  consists 
of  three  members  forming  a  triangle.  As  the  unsupported  length  of  a  strut, 
for  economical  reasons,  should  not  exceed  12  feet,  such  a  truss  is  not  iiitmh^^ 
for  spans  exceeding  from  20  to  24  ft;  and  even  for  a  span  of  20  ft  there  should 
be  a  center  rod,  as  shown  by  the  dotted  line  R,  to  support  the  tie-beam.  To 
utilize  this  truss  for  spans  greater  than  24  ft,  it  is  necessary  to  brace  the  rafters 
from  the  foot  of  the  center  rod,  as  shown  in  Fig.  2.  Thb  gives  us  the  kino-sicm> 
TRUSS,  the  modem  type  of  the  old-fashioned  king-post  truss  which  is  shown 

le 


y  Google 


Types  of  Wooden  Trusses 


in  Fig.  3  and  widch  was  built  wholly  of  wood  except  for  the  iron  straps  at  S 
2adP.  ' 

Rods  and  Braces.    When  the  tie-beam  supports  a  ceiling  or  attic-floor,  rods 
should  be  inserted  at  RR,  Figs.  2  and  4,  to  support  the  load  on  the  tie-beam. 
By  increasing  the  number  of  rods  and  braces,  as  in  Figs.  4  and  5,  this  type  of 
truss  may  be  used  for  spans  up 
to  64  ft,  and  even  for  greater 
spans;    but   on   account   of  the 
increased   length   of    the    center 
struts    and    rods   it  is   not   an 
economical  typt  when  the  span 
exceeds  60  ft.    When  there  is  no 
load   on   the  tie-beam  the   rods 
RR,  Figs.  4  and  5,  merely  sup- 
port the  tie-beam  and  are  often 
omitted. 


FlK.1. 


Sinpkst  Huee-ptece'TniiB. 
to  Twenty-four  Feet 


Spans  up 


Txiengttlsr    Howe    Troesee. 

The  tnisses  shown  in  Figs.  4  and 

5    are    sometimes   called  Hows 

TRUSSES  as  the  character  of  the  stresses  in  the  web-piembers  corresponds  with 

that  of  the  stresses  in  the  web  in  the  standard  form  of  Howe  truss.    They  are 

also  called  triangular  Howe  trusses  to  distinguish  them  from  the  standard 

Howe  truss  with  parallel  chords. 


Prindpilct 
Raftar 


Fig.  2.    King-rod  T^uas.    Spans  up  to  Thiity-six  Feet 

Queen-Rod  Tmss.  Tlie  rise  of  the  rafter  in  any  of  the  tnisses,  Figs.  1  to 
5,  should  never  be  Ic^  than  6  In  in  12  in  or  26^°;  a  H  pitch,  or  a  rise  of  8  in 
in  1  a  in,  is  generally  the  most  economical.  When  the  span  exceeds  36  ft,  it  is 
more  economical  to  cut  off  the  top  of  the  truss  as  in  Fig.  6,  which  shows  the 
modem  type  of  the  ancient  queen-post  truss.  This  truss  is  frequently  used 
for  the  support  of  deck  roofs,  although  it  may  also  be  used  for  a  pitched  roof 
with  a  ridge.  When  the  top  chord  is  more  than  12  ft  long,  the  size  of  the 
member  may  be  considerably  reduced  by  using  a  center  rod  and  a  pair  of  struts 
as  shown  in  Fig.  7.  The  center  rod  will  be  espedally  needed  if  the  bottom 
diotd  or  tie-beam  is  subject  to  a  bending  stress.  The  center  rod  should  never 
be  uMd,  however,  without  the  bimoes. 
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Coitnten.  The  truss  shown  in  Fig.  6  differs  from  those  shown  in  Figs.  1 
to  6,  in  not  being  composed  entirely  of  triangles  and  in  having  a  rectangle  m 
the  middle.    Assuming  the  joints  to  be  pin-connected  and  without  fiicUon.  it 


FOR  SPANS  FROM  25  TO  36  FT. 
Fig.  8.    Modem  King-post  TYuss 


Fig.  4.    Six-fMuid  Triangular  Howe  Tnist.    Spans  from  Thiity-slz  to  Fifty  Feet 


Fig.  6.    Eigfat-pand  Triangular  Howe  TYuss.    Spans  from  Focty-cight  to  Sixty  Feet 

is  evident  that  a  very  small  inequality  in  the  position  or  magnitude  of  the  load- 
ing will  cause  the  failure  of  the  truss  since  the  rectangle  will  not  retain  its  shape. 
This  is  easily  verified  by  means  of  a  cardboard  model  fastened  at  the  joints 
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with  ordinaiy  relets.    When  the  joints  at  the  comers  of  the  rectangle  axe  not 
perfectly  free  to  turn  they  have  a  tendency  to  prevent  distortion.    When  the 


Spans  from  Thirty  to  Forty-five  Feet 


loading  is  entirely  upon  the  left  of  the  center  the  truss  itself  tends  to  assume  a 
form  simihu*  to  that  shown  in  Fig.  8.  The  distortion  of  the  rectangle  may  be 
prevented  by  the  introduction  of  a  diagcmal  member  as  shown  in  Fig.  9.    For 


^TopCaMyrd 


Fig.  7.    Quecn<iod  TVosi.    Spans  from  Forty  to  Fifty-two  Feet 

the  loading  shown,  the  diagonal  is  in  compression  and  is  usually  called  a 

couHTERBRACK.    If  the  piece  were  in  tension  it  would  be  called  a  countertie. 

Unaymmetrical  Loads.    Although  roof-trusses  of  the  type  shown  in  Fig.  9, 

supporting  symmetrical  loads,  do  not  theoretically  require  cottkters,  it  is  never- 


Fig.  8.    Distorted  Queen-rod  Truss 

theiess  advisable  to  brace  the  rectangle  along  both  diagonals  to  insure  stability 
under  accidental,  un^ymmetrical  loading  and  to  relieve  the  joints  from  any 
stiesaes  due  to  the  latter,  which  is  usually  caused  by  wind,  snow  and  floor-loads. 
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ftiftemd  df  to Abs^s.  ta  sorue  trasses  ^tfbjeded  tor  <Mef«n<  l<A(fiil^  at 
dltfefettt  times,  the  diagofial  wtb-fnoiibefs  Hear  the  center  ittay  be  sabjected  to 
tension  for  one  loading  and  compression  for  another  loading.    In  such  cases  it 


Vlg,9^    Cotatarbiaood  QiiMiH«kl  TiuflB 

IB  advisable  to  introduce  a  member  foUewkig  the  other  diagonal  of  the  quadri* 
lateral  containing  the  member  subjected  to  the  two  kinds  of  stress,  to  assist  the 
main  member.  Thb  piece,  also,  is  called  a  counterbkace  or  countektie 
according  to  the  kind  of  stress  ii  has  to  resistv    If  this  is  not  done,  the  member 


Spu  18  'i  Pitch  of  Baftor  Q^'ln  l.lbot 


Fig.  10.    Ooeen-post  Truss.    Massachusetts  CharitoSle  Mechanics'  Assodatiatf  Build- 
ing, B(»toD,  Mass. 

which  is  subjected  to  two  kinds  of  stress  must  be  designed  for  both  tensioo  and 

OGttpression  and  the  eftds  eodtteetdd  at  the  joints  to  meet  the  same  obiKfiClooa. 

An  Ortuiitieiital  Qtf  eea-Ptftt  Tfim,  sttpporting  a  pattitm  of  the  roof  of  (he 

Massaditisetts  Charitable  Mechanics'  Assodation  building  in  Bostoo,  Mam.,  $Lad 
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deftigfled  by  Mt*  WiUilttt  G.  fr6stofl«  k  ^oWti  in  Fig.  10.  life  ti^i^Membet^ 
irbkh  MH  of  IdHg-leftf  ydlow  plMy  i^efe  woffked  ffom  timbers  of  th«  dimenskms 
gfren.  In  Uiis  trass  Wooden  metdbefs  histead  of  rods  tat  used  tot  the  vertkd 
ties,  4tid  *to  botttd  Md  fafioaed  to  th6  tie*bestfi  and  S6cuied  to  the  rttlteH^  by 
iron  straps.    The  curved  ribs  take  the  place  of  oounterbraces. 


Fig.  11.    Queen-rod  Truss.    Museum  of  Fine  Arts.  St.  Louis.  Mo. 


A  Queen-Rod  Truss  from  the  Museum  of  Fine  Arts,  St.  Louis/  Mo., 
designed  by  Peabody  &  Steams,  is  shown  in  Fig.  11.  It  supports  the  floor 
below  by  means  of  three  rods.  The  trtiSs-rods  have  nttts  and  #ashers  below  the 
tie-beam,  and  the  threads  on  the  rods  are  long  enough  to  receive  tumbuckles 
which  connect  the  suspension-rods  with  the  truss*  This  is  generally  the  best 
method  of  suspending  a  floor  from  a  truss. 
Fig.  11a  shows  A  detail  of  johit  A  of  the 
truss  in  Fig.  11. 

Counters  Omitted  for  Special  Reasons. 
Fig.  12  shows  a  truss,  sometimes  used  when  it 
is  desired  to  keep  the  middle  part  of  an  attic 
free  from  obstructions.  In  building  this 
truss  it  is  advisable  to  construct  the  lower 
part  of  the  rafters  of  two  timbers,  thoroughly 
bolted  together,  as  shown.  What  has  been 
said  in  regard  to  counterbraces  in  queen-rod 
trusses  applies  also  to  this  truss,  although  in 
the  latter  the  continuous  rafter  aids  very 
materially  in  resisting  distortion  from  wind- 
pressure;   so  that  for  ordinary  construction 

and  for  spans  not  exceeding  40  ft  it  is  safe  to    Fig.  11a.    Detail  of  Joint  if.  Fig.  11. 
omit  oounterbraces. 

Mcnner  of  Supporting  GmftflMm  Raftorsu  Before  describing  other  type^ 
of  trusses,  it  may  be  well  to  consider  the  manner  of  supporting  the  common 
rafters  by  the  trusses.  OccasionaUy  it  is  desirable  to  sfxin  the  contmon  rafters^ 
from  truss  to  truss,  but  as  a  general  rule  it  is  better  construction  to  suppi^rt 
them  by  means  of  large  beams  or  purlins  which  themselves  span  from  truss 
to  truss,  as  Shown  in  Fig.  13. 

PMllfli^  The  trusses  can  be  designed  so  that  the  purlins  need  not  be  Moft 
than  zo  ft  apart,  and  very  often  not  more  than  6  or  8  ft  apart;  so  that  ihe 
I  rafters  liecd  not  be  more  than  2by40F2by6fatin  6rdiS-sec#MI,  while 
I  nlay  be  spaced  i2»  14^  er  z6  ft  on  centers.    As  a  nifo  a  spadn^f  «l 

Digitized  by  VjOOQIC 


1004 


Types  of  Roof-Trusses 


Chap.  26 


about  14  ft  for  the  trusses  and  of  9  ft  6  in  for  the  purlins  is  found  to  be  the 
most  economical  arrangement.  Another  advantage  in  the  use  of  purlins  is 
that  where  th^r  are  placed  at  the  truss-joints  no  bending  stresses  are  developed 
in  the  trus»-rafters  or  diords;  and  hence  the  latter  may  be  made  lighter  than  if 


Fig.  12.    Queen-rod  Tnias  with  Middle  Part  Clear.    Spans  up  to  Forty-two  Feet 

they  supported  the  common  rafters.     For  wooden  trusses  of  60  ft  or  grcatei 
span,  purlins  should  always  be  used. 

Supports  for  Pttriins.    Purlins  may  be  placed  with  their  sides  either  vertical 
or  at  right-angles  to  the  plane  of  the  roof,  as  shown  in  Figs.  2  and  13.    The 

ends  of  the  purlins  may 
be  supported  by  means 
of  beam-hangers,  des- 
cribed in  Chapter  XXI ; 
by  double  stirrups;  by 
3-in  planks  bolted  and 
spiked  to  the  sides  of 
the  trusses;  or  they 
may  rest  on  the  top 
chords  themselves.  The 
ceiling-joists  or  floor- 
joists  are  usually  sup> 
ported  at  the  sides  of 
the  tie-beams,  as  at  ^4, 
Fig.  13,  or  simply  rest 
Fig.  13.    Manner  of  Supporting  Common  Rafters  and  Purlins    on  them,  asat  B.  When 

they  support  an  attic 
floor  it  is  better  to  use  the  latter  construction.  In  the  cas^  of  sassoRS  trusses 
it  b  sometimes  more  economical  to  support  the  ceiling- joists  by  purlins;  but 
when  the  tie-beams  are  horizontal  it  is  more  economical  to  use  them  for  the 
direct  support  of  the  ceiling-jobts  or  floor-joists.  All  chords  which  support 
rafters,  ceiling-joists  or  floor-joists  must  be  designed  for  bending  stresses  as 
well  as  for  longitudinal  stresses. 

Trusses  with  Horizontsl  Chords.    For  the  support  of  flat  roofs,  with  or 
without  a  oeiKng  below,  and  for  conditions  such  that  horiaontal  trusses  are 
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pncticable,  the  types  shown  in  Figs.  14  to  17  are  undoubtedly  the  most  satis- 
bctory  for  wooden  construction,  when  the  span  does  not  exceed  8o  ft;  and 
aopt  in  localities  where  the  cost  of  iron  rods  is  relatively  great,  it  is  as  econom- 
iol  u  any.  In  thb  work  the  name  Howe  truss  is  given  to  this  type,  as  it  is 
an  adaptation  of  the  Howe  bridge-truss  to  buDding-construction;  and  the 
ttnn  aouzoNTAL  truss  is  also  sometimes  used.    Trusses  of  this  type  can  be 


Bottom  Chord 
Fig.  14.    Five-panel  Howe  Ttmsb 


Fig.  15.    Siz-pand  Howe  Truss 


Fig.  16.    Ten-panel  Howe  Trass 


Fig.  17.    Six-panel  Howe  Trois  with  Top  Chord  Indined 

mde  strong  enough  for  spans  up  to  150  ft;  but  when  the  span  exceeds  loo  ft 
is  generally  cheaper  to  use  a  steel  truss  of  the  Pratt  type  in  which  the  verti- 
Js  are  in  compression  and  the  diagonab  in  tension.  When  a  Howe  truss  is 
laced  in  the  kngitudinal  direction  of  a  flat  roof,  the  top  chord  may  be  given 
le  inclination  of  the  roof  itself,  so  as  to  support  the  rafters  without  the  blocking 
(  shown  in  Fig.  17.  For  deck  roofs  the  top  chord  may  be  indined  upwards 
)ward  the  center  or  deck-ridge,  to  conform  to  the  shape  o!  the  roof,^  ahowj 
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Fig.  18.  For  deck  roofs  and  mansard  rools  the  middle  i>anels  shoukl  have 
oounterbraces,  as  shown  in  Fig.  18,  to  resist  the  wfnd-preasure  against  the 
sides  of  the  roof  and  any  unequal  distribution  of  snow. 

Height  of  a  Howe  Truss.  The  height  of  the  truss,  measured  from  center 
to  center  of  the  chords,  should  never  be  less  than  one-ninth  the  spsn  for 
spans  up  to  36  ft,  nor  less  than  one-tenth  the  span  for  spans  from  36  to  80  ft. 


Fig.  18.    Howe  Tnias  for  Deck  Roofs 

As  a  general  rule  a.  height  of  from  one-seventh  to  one-sixth  the  span  will  be 
most  economical.  When  the  top  chord  is  inclined,  as  in  Fig.  17,  the  height  at 
Xt  that  is,  at  the  shortest  rod,  should  not  be  less  than  the  limit  given  above. 

Number  of  Panels  in  a  How«  Truss.  In  this  type  of  truss  a  panel  U 
the  space  between  two  adjacent  rods  or  between  an  outer  rod  and  the  end- 
joint  (Fig.  14).  As  a  rule,  the  number  of  panels  should  be  such  that  the  diag- 
onals will  have  an  inclination  of  from  36^  to  60P,  an  inclination  of  about  45' 
being  the  most  economical.  It  is  not  material  whether  there  is  an  even  or  a^ 
odd  number  of  paneb.  If  the  position  of  one  or  more  of  the  purlins  is  fixci 
by  some  special  requirement,  then  the  panels  should  be  so  arranged  that  tbe 
upper  joints  come  under  the  purlins,  and  the  inclination  of  none  of  the  diacoa:^]^ 
is  less  than  36^.  Although  it  is  generally  better  to  have  the  truss  siyinmetxi«.-l 
about  the  center,  it  is  not  absolutely  necessary;  nor  is  it  necessary  to  make  tbe 
paneb  of  uniform  width.  When  the  truss  is  not  symmetrically  loaded,  however. 
it  may  be  necessary  to  reverse  the  brace  in  one  of  the  center  panels.  This  pcb* 
b  considered  in  Chapter  XXVII,  page  X102,  under  the  subject  of  UMSYiOfSsn:- 

CALLY  LOADED  TRUSSES. 

Counterbraces  in  a  Howe  Truss.  If  there  fs  any  chance  of  the  trt^ 
being  more  heavily  loaded  on  one  side  of  the  center  than  on  the  other,  couvrri- 
BKACES,  that  b,  braces  inclined  in  the  opposite  direction  from  that  of  the  reguL- 
braces,  should  be  placed  in  the  center  ponds,  as  shown  by  th^  dotted  ttne^  a 
Fig.  15.  If  the  truss  is  deep  and  the  diagonals  long  it  is  economical  to  oMint-; 
brace  each  panel  as -shown  in  Fig.  16.  If  the  number  of  panels  is  odd,  as  sb(.-«t 
m  Fig.  14,  no  diagonab  arc  required  in  the  middle  panel  when  the  braces  and  i^ 
loading  are  ^mmetrical;  but  it  is  good  practice  to  cross-brace  this  panel '" 
provide  for  any  accidental  unsymmetrical  loading. 

Spacing  of  Trusses.  The  moat  economical  spadng,  center  to  center,  of  *.^-: 
trusses,  all  things  considered,  is  usually  from  12  to  16  ft  for  spans  up  to  6c " 
and  from  14  to  20  ft  for  greater  apans. 

Spaoing  of  Pnrlins.  Puriins  should  always  be  placed  as  near  the  trvf 
Joints  as  possible;  they  should  abo  be  spaced  so  as  to  effect  the  greatest  cgdik^' 
In  rafter-oonstruction.  Their  spacing,  therefore,  determines,  to  a  l&rfce  rtti** 
the  number  of  paneb.  When  the  height  of  the  truss  is  not  more  than  ow-r  "  • 
or  one-tenth  the  qmn,  it  is  often  more  economical  to  place  a  purlin  over  rrr?» 
other  jofait,  as  la  Pig.  16.  ^  j 
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Timber,  Norway  pine,  Doqglas  fir,  or  eastern  spmce.    (See  F!g.  15) 
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Bearing  on  Wan  or  Pott.  The  point  where  the  axial  linea  of  the  end 
brace  and  of  the  tie-beam  intersect  should  always  come  over  the  support,  and 
if  possible  over  the  axis  of  the  supporting  wall  or  post. 

Streaaes  in  a  Howe  Truas.  The  stresses  in  the  chords  are  alwaya  greatest! 
at  the  middle  of  a  truss,  diminishing  towards  the  supports^  while  the  aticaaiea  in 
the  rods  and  diagonals  are  greatest  at  the  ends  of  a  truss. 

TaUe  of  Dimensions  for  a  Howe  Tmss.  In  symmetucal  trusses 
having  panels  of  uniform  width  and  uniformly  loaded,  the  stresses  in  tlie  differ- 
ent members  are  proportional  to  the  span,  number  of  panels,  height  of  truss, 
spacing  of  trusses  and  load  per  square  foot.  It  is  therefore  possible  to  prepare 
tables  giving  the  proper  dimensions  of  the  members  of  such  trusses.  Table  I 
gives  the  Himensions  for  six-panel  trusses  for  heights  of  one-sixth  and  one-eighth 
the  span  and  for  thxee  di£ferent  spadngs.  These  dimensions  are  for  a  flat 
roof  covered  with  tin,  sheet  iron,  or  composition;  a  snow-load  of  i6  lb  per  sq  ft, 
equivalent  to  about  24  in  of  light,  dry  snow;  also  for  a  lath-and-plaster  ceiling 
supported  by.  the  bottom  chord.  The  chords  and  braces  are  of  Norway  pine 
and  the  rods  of  wrought  iron.    These  dimensions  apply  only  when  the  rafters 


Fig.  10.    Lattice  Truss 


are  supported  on  purUns  pUced  at  the  upper  joints,  as  in  Figa.  15  and  16. 
When  the  rafters  rest  on  the  top  chord,  as  in  Fig.  17,  the  «<i»«<m«i«»«  of 
the  latter  must  be  increased  and  special  calculations  made  for  it.  The  dimen- 
sions given  in  the  table  may  be  used  for  trusses  of  greater  height  than  that 
given,  but  not  for  trusses  of  less  height,  as  the  less  the  height  the  greater  the 
stresses  in  the  chords  and  braces.  When  the  conditions  of  load,  spui,  height 
and  spacing  are  not  exactly  as  given  above  and  in  the  table,  the  stresses  should 
be  detennined  and  the  members  of  the  truss  proportioned  accordingly;  but 
even  in  such  cases  'the  table  will  serve  somewhat  as  a  check  on  the  com- 
putations. 

Lattice  Trusses.  In  localities  where  timber  is  not  eapeasive  the  LArncE 
TRUSS  (Fig.  19)  is  often  found  economical  for  supporting  flat  roofs.  This  type 
of  truss  was  invented  for  bridges  by  Ithiel  Towne  in  z8ao  uid  a  large  number  of 
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nulroad  bridges  have  been  Gonatructed  with  trusses  of  this  type,  some  of  which 
are  in  service  now  (19x5)  in  New  England.  The  principal  objections  to  the 
truss  are  its  tendency  to  twist  sidewise,  like  a  thin  board  on  edge,  its  flexibility 
in  a  vertical  plane  and  the  difficulty  of  getting  sufficient  bearing  material  at 
the  supports.  As  indicated  in  Fig.  19,  the  truss  is  composed  of  top  and  bottom 
chords,  usually  parallel,  connected  by  lattice  bracing.  The  chords  are  com- 
posed of  four  planks,  two  being  on  one  side  and  two  on  the  opposite  side  of  the 
web.  For  the  bottom  chord  the  planks  should  be  as  long  as  can  be  obtained 
and  axranged  so  that  no  two  splices  are  near  the  same  point.  The  available 
area  of  the  bottom  chord  to  resist  tensbn  is  the  area  of  three  planks  less  the  area 
cut  out  at  the  joints  by  the  connecting  pins  or  bolts.  Each  member  of  the  web 
consists  of  a  single  plank  arranged  as  shown  in  Fig.  19.  The  braces  are  inclined 
at  an  angle  of  about  45*  and  usiudly  three  sets  are  sufficient,  as  shown  in  the 
figure.  The  connections  are  best  made  with  American-locust  pins,  which  give 
large  bearing  areas  without  much  extra  weight.  Modem  construction  employs 
bolts,  which  are  expensive  and  add  considerable  weight.    There  should  be  at 


Ohotd 


Fig.  20.    Vertical  Section  oi 
Tnat  Shown  in  Fig.  19 


Fig.  21. 


Lower  Joint  5  of  Truas  Shown  i 
Fig.  19 


least  two  pins  at  each  connection,  if  the  planks  are  wide  enough  to  pennit,  and 
three,  at  least,  at  the  chord-joints.  Since  about  one-half  the  web  planks  resist 
tensile  stresses,  the  web  projects  beyond  the  chord  at  least  4  in  to  provide 
sufficient  longitudinal  shearing  area.  The  ends  are  remforced  by  vertical  tim- 
bers cut  in  between  the  chords  and  each  set  of  diagonals  is  thoroughly  fastened 
to  these  timbers.  In  some  cases  it  is  necessary  to  add  timbers  on  the  outside 
of  thb  and  extend  them  down  to  the  lower  face  of  the  bottom  chords  to  relieve 
them  of  excessive  bearing-stresses  where  they  rest  on  the  supports.  The  methods 
of  determining  the  stresses  in  this  truss  are  considered  in  Chapter  XXVII, 
pages  1089  to  1091.    Figs.  20  and  21  show  details  of  this  lattice  truss. 

Wooden  Trusses  with  Raised  Bottom  Chords.  All  of  the  trusses  thus 
far  described  have  horizontal  bottom  chords;  and  this  construction  is  the  most 
desirable  as  well  as  the  most  economical  and  should  be  used  whenever  condi- 
tions do  not  necessitate  a  greater  height  of  ceiling.  In  roofing  churches,  public 
halls,  etc,  raised  ceilings  are  often  desirable  as  they  increase  the  general  height 
of  a  room  without  increasing  the  height  of  its  side  walls. 
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Sdsf org  Trusses,  l^or  tlie  roofs  descriW  in  the  l)recediilg  para^afih  sttse 
iotm  of  t!l«  BcfsSORB^  TRU^,  9^  ntoi«d  ftom  iti  fes«Mblafit«  to  A  pflif  «tf  905- 
ftors,  ift  most  often  eded.  Whefi  coA^ctly  dtie^Md,  ^Ndth  tMOkbeH  of  IIm  pfiofer 
ate,  ftild  wifb  joiM»  caref«l))<  pf<yf)ibrtioiied  %0  tK«  tflre!ise^  it  t»  »  vm  gooA 
titttA  fcyf  9u|)perf)H^  r6of^  over  halk  And  diui'dMs,  dp  to  d  ^)M  of  48  It;  hat 
foif  iteater  sfi^»  it  should  bt  used  iHth  caution,  ss  the  M#eds«»  beeOMe  vert 
great  and  the  joints  diCdctfIt  t<t  nIAke.  l^igrs.  3d  t«  97  tihMT  MtffibC  fbM»  fli 
this  truss  and  modifications  of  it  adapted  to  different  spans  and  loof-pitdKs 
None  of  these  trusses  exerts  a  large  horizontal  thrust  if  the  members  are  d 
ample  size  and  the  joints  properly  made.    The  members^liaving  f  plus  si^a  oa 
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Fi9.23.    Sd^sora  Truss.    Spans  Eseaediiiff  Thirty  Feet 


F^.24.    SdMors  Truss.    For  Steep  Roofs.    (See  Chapter  XXVni.  Figs.  18  and  19) 
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or  dose  to  them  are  in  compkession,  while  those  having  a  minus  sign  are  in 
TENSION.  The  detennination  of  the  actual  horizontal  thrxtst  is  oonsideted 
on  pages  1085-1087.  The  members  indicated  by  a  single  line  should  be  rods» 


Fig.  25.    Modified  Sdsaon  Truss.    For  Medium  Pitch. 
Figs.  18  and  19) 


(See.  abo.  Chapter  XXVm. 


except  in  the  case  of  bottom  diords.  Fig.  22  shows  the  simplest  form  of  the 
SCISSORS  truss,  which  is  suitable  for  spans  up  to  30  ft.  When  the  span  exceeds 
30  ft,  it  is  more  economical  to  use  two  purlins  on  each  side  to  support  the  com- 


-at  8pML  MJkpMt 


Fig.  26.    Finished  Cambered  Trust.    (See,  also.  Chapter  XXVIII,  Figs.  18  and  19) 

mon  rafters;  and  additional  supports  from  the  bottom  chords  are  generally 
required,  calling  for  additional  rods  and  braces,  as  shown  in  Fig.  23.  For  a 
steep  roof  the  arrangement  shown  in  Fig  24  is  generally  the  best,  and  for  a 
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flatter  roof  that  shown  in  Fig  25,  in  which  the  scissors  pieces  do  not  cross  nor 
run  through.  Fig.  26  shows  a  finished  truss,  built  on  somewhat  the  same  lines 
as  the  one  shown  in  Fig.  25  but  with  only  one  purlin.  This  truss  can  hardly 
be  dasstfied  as  a  scissors  truss  but  is  shown  here  for  convenience.  It  is  really 
the  same  type  as  that  of  the  truss  shown  in  Fig.  33.  The  truss  shown  in  Fig. 
27  is  similar  to  .that  shown  in  Fig.  24,  with  the  peak  cut  off,  but  for  spans 


Fig.  27.    Modified   Sdsion  Truss.    Spans   Exceeding  Thirty-«iz   Feet.    (See,    also, 
Oiapter  XXVm,  Figs.  18, 19  and  20) 

exceeding  36  ft,  is  more  economical  It  can  also  be  used  where  the  roof  is 
hipped.  With  this  form  it  is  better  to  use  ceiling-purlins  to  support  the  ceiling- 
joists  than  to  span  the  latter  from  truss  to  truss. 

Hammer-Beam  Trusses.  Two  of  the  principal  characteristics  of  the  Gothic 
style  of  architecture  are  the  relatively  elaborate  ornamentation  of  structural 
parts  and  the  exposure  to  view  of  the  construction  of  a  building  as  a  whole. 
As  the  pointed  arch  and  steep  roof  were  developed  the  roof-truss  became  an 
important  feature  in  the  ornamentation  as  well  as  in  the  construction  of  Gothic 
halls  and  diurdies.  The  trusses  of  this  period  were  built  abnost  entirely  of 
wood  and  generally  of  very  heavy  timbers,  to  give  the  appearance  of  great 
strength.  One  of  the  most  common  types  of  these  Gothic  trusses,  and  also 
the  most  ornamental,  was  the  hammer-beam  truss,  still  often  used  in  churches 
designed  in  the  Gothic  style.  Figs.  28  and  29  show  early  English  forms  of  this 
truss,  which  takes  its  name  from  the  horizontal  beam  H,  called  the  hammer- 
beam,  at  the  foot  of  the  principal  rafter.  In  the  more  ornamental  trusses  this 
hammer-beam  was  usually  curved  to  represent  royal  personages  or  angels. 
These  trusses  differ  in  principle  from  those  thus  far  described,  in  having  no 
bottom  chord  and  no  substitute  for  one.  In  fact  the  trusses  shown  in  Figs. 
2S  and  29  do  not  come  within  the  scope  of  the  definition  of  a  truss  given  at  the 
beginmng  of  this  chapter.  Although  the  rafters  or  prindpab  are  connected 
near  the  top  of  the  truss  by  a  short  coi:.lar-beam,  this  ofiFers  but  little  resistance 
to  the  tendency  of  the  rafters  to  spread  at  their  lower  ends;  and  hence  the 
truss  depends  cither  upon  the  transverse  strength  of  the  rafters  or  upon  the 
resistance  of  the  walls  to  keep  it  intact  and,  generally,  upon  both.  This  form  of 
truss  is  actually  that  of  an  arch,  as  vertical  loads  produce  inclined  reactions  at  the 
supports.    In  the  halls  and  churches  of  the  Gothic  period  the  walls  were  generally 
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very  thick  and  usually  rdnforced  on  the  outside  by  buttabssss  buOt  againstj 
them  and  directly  opposite  the  roof-trusses.  In  most  cases  such  a  wall  poaaeaaea 
sufficient  stability  to  withstand  the  TKKtrsT  of  the  truss,  and  hence  the  bottom 
chord  may  be  dispensed  with;  but  in  a  wooden  building  the  walk,  unlcM  tied 
at  the  top,  offer  no  resistance  whatever  to  being  thrust  out  and  hence,  In  such 
boildhigs,  no  trass  which  extrta  an  outward  ihrust  on  the  waQs  should  be  uaed. 


I 


Fig.  28.    Hasmier4)eam  Tnisi.    Eady  Emliifa  FbnB 

It  is  therefore  generally  impracticable  to  yse  a  hammer-beam  truss  in  a  wooden 
building.  Where  these  trusaesare  used,  tbecEiUNG  is  generally  foDaed  ni  nattched 
sheathing*  nailed  to  the  under  side  of  the  jack-iavtkb8  between  the  pvrini. 
thus  allowing  the  latter  to  be  seen.  The  purUna  are  generally  dcoontcd,  and 
rxiSE  aiBS  are  often  placed  vertically  between  them,  to  divide  the  ceiUag  into 
PAKKL8.  The  main  rafters  should  be  made  very  larpa  to  pcevcBi 
taking  at  the  point  A,  Figs.  28  and  29. 
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Trust  for  First  Church,  Boston,  Mass.  An  excellent  example  of  a 
hammer-beam  truss  adapted  to  modem  conditions  is  shown  in  Fig.  30,  which 
represents  one-half  of  one  of  the  trusses  designed  by  Ware  &  Van  Brunt,  for 


Fig.  29.    Hammer-beam  Truss.    Early  English  Form 

»c  First  Church,  Boston,  Mass.  The  truss  is  finished  ip  black  walnut  and  has 
ic  effect  of  being  very  strong  and  heavy.  Fig.  31  shows  the  framing  of  the 
jnc  truss  without  the  casing  and  falsework.  It  should  be  noticed  that 
side  the  turned  cohnnn  in  the  upper  part  of  the  truss,  Fig.  30,  there  is  an  iron 
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Fig.  30.    Hammer-beam  Tnut.    Fint  Church.  Bottoa,  Mas. 
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rod.  Fig.  31,  which  resists  the  tensile  stress.  In  this  form  of  truss  the  line  of 
outward  thrust  of  the  arch  enters  the  wall  just  above  the  corbel,  K;  and,  as 
its  direction  is  uicHned  only  about  30**  from  the  vertical,  its  tendency  to  over- 
throw the  wall  is  not  veiy  great,  and  may  be  resbted,  in  this  particular  case. 


Fig.  81.    Fnunuig  of  Truss  Shown  in  Fig.  90 

by  a  wall  ao  in  or  a  ft  thick,  thoroughly  reinforced  by  a  buttkess  of  proper 
(hmensioiis  built  on  the  outside.  In  trusses  of  this  kind,  the  various  members 
should  be  securely  fastened  together  wherever  they  odss  or  touch  each  other, 
and  the  structure  as  a  whole  made  as  rigid  as  possible.  No  dependence  should 
be  placed  upon  the  caaings  and  panel-work  for  any  extra  strength. 
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Tins*  for  Itipi^aau^l  Ctnirph,  3li«lb9ni«  FfUlf,  Ifus*.  Tig.  32  show; 
•liQ^Ji^  fonn  ol  truss  design^  l>y  Van  Brunt  &  |Iowe,  for  gipn»anwfil  Church 
Sbelbume  FftU^,  Mass.    It  is  pro)>ab^  a  vakiation  o^  T9£  uaumesl-bbam 


Fig.  32.    Truss  for  Enimanuel  Church,  Shdburne  F«Ils.  .M^ss. 


Fig.  33.    Wooden  Truss  with  Iron  Ties.    Spans  up  to  Thirty-six  Feet 

form  Bad  when  securely  bolted  together  at  all  the  Jointa  can  be  designed  so  is 
to  exert  very  little  thrust  on  the  walls.  The  rafters  and  cross-de  are  each 
formed  of  two  pieces  of  timbisr,  separated  but  bolted  together,  the  small 
upright  members  passing  between  these  pieces.    The  hammer-beanos  are  carved 
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to  Tepreae&t  angds.    The  action  ot  the  stresses  in  hammer-beam  trusses  it 
explained  in  Chapter  XXVII,  pages  1087  to  1089. 

WoodMi  TniMM  with  Iron  Ties.    Where  there  is  no  ceiling  beneath  the 
roof  and  it  is  desirable  to  make  the  trusses  as  Ught  in  appearance  as  possible; 


BodD 


JifBolt 


liMrBodO 


Ftg.  83a.    Detail  of  Joint  B, 
ng.38 


Fi(.33B. 


Detail  of  Joint  at  Ridge, 
Fig.  33 


wrooght-iioa  or  sted  rods  may  be  used  for  the  ties,  and  the  wooden  rafter- 
pieces  and  struts  retained.  For  moderate  spans  such  trusses  are  cheaper  than 
steel  trusses;  and  where  the  rafters  and  piurlins  are  of  wood  they  are  about  as 
good.  Figs.  ^3  and  34  show  forms  of  trusses  well  adapted  to  many  roofs.  The 
dimensions  given  in  Fig.  34  are  for  yellow-pine  or  Douglas-fir  timber  and  wrought- 
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F%.34.    Wooden  Thus  with  Iron  Tics 


son  rod%  and  are  ample  for  a  shUe  roof,  the  trusses  being  spaced  from  is  to 
14  ft  on  centers.  Trusses  of  the  fonn  shown  in  Fig.  33  are  sometimes  made 
with  the  rods  C  and  D  continuous.  They  should  not  be  made  in  this  way, 
however,  unless  the  entire  rod  is  proportioned  for  the  stress  in  C  as  this  stress 
b  greater  than  that  in  2>.    The  best  construction  for  the  joint  B  is  illustrated 
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in  Fig.  33a,  which  shows  a  cast-iron  shoe  fitted  to  the  end  of  the  strut  to 
receive  the  pin.  For  the  truss  shown  in  Fig.  34,  a  shoe  made  as  shown  in  the 
detail  drawing  makes  a  better  connection  for  the  rods,  two  of  the  latter  bein; 
placed  outside  of  the  brackets  and  three  between  them.  For  a  truss  with  i 
single  strut,  a  turnbuckle  on  the  rod  £  serves  to  tighten  the  rods.    Mdieo 

there  are  three  struts,  there 
should  be  five  tumbuddes,  as 
in  Fig.  34.  A  cast-iron  shoe 
should  be  made  to  receive  the 
foot  of  the  rafter  and  the  rods 
secured  to  a  pin  passed  through 
shoe  and  rafter.  At  the  apex, 
also,  of  the  truss  shown  in  Fig. 
34,  there  should  be  castings  to 
receive  the  ends  of  the  raf ters» 
and  pins  for  the  tie-bars.  The 
apex-joint  of  the  truss  (Fig. 
33)  may  be  made  cither  by 
crossing  the  rods  throu^  a 
CAST  WASHER,  or  as  shown  in 
Fig.  33b.  The  pins  at  the 
Hammer-beam  Truss  for  Gnce  Chapel,  joints  should  be  computed  for 
New  York  City  shear,    bearing    and    flexure. 

More  modem  construction  re- 
places the  cast  iron  shown  with  steel  plates  and  pins.    When  a  hammer- 
beam  truss  is  to  be  supported  on  a  derestory-wall  which  is  not  very  thick 
nor  braced  from  the  outside,  a  truss  of  the  form  shown  in  Fig.  35  may  be 
used  to  advantage.    It  has  the  appearance  of  a  hammer-beam  truss  and  when 
placed  over  a  high  nave  the  effect  of  the  rods  is  not  objectionable.    These 
tie-rods    should    extend 
through    the    hammer- 
beams    to    their    outer 
ends. 

Truss  for  Grace 
Chapel,  New  York 
City.  The  curved  ribs 
a,  a.  Fig.  35,  have  a  ten- 
dency to  bend  at  their 
smallest  section  and 
braces  under  the  ham- 
mer-beams are  necessary 
to  prevent  vertical  deflec- 
tion in  the  latter.  A 
truss  similar  to  this  was 
used  in  Grace  Chapel, 
New  York  City. 

Truss  for  Metropolitan  Concert-Hall,  Few  York  City.  Fig.  36  shows 
a  form  of  truss  used  to  support  the  roof  of  the  Metropolitan  Concert-Hall,  New 
York  City,  George  B.  Post,  architect.  The  span  is  about  54  ft  and  the  propor- 
tions are  about  as  shown.  The  arch  between  rafters  and  raised  rib  is  omi> 
mented  with  sawed  work  and  the  truss  has  a  very  light  and  airy  appearance. 
The  tie-rod  is  kept  from  sagging  by  a  vertical  rod  from  the  crown  of  the 
arch. 


Fig.  36.    Tniaa  for  Metropolitan  Concert  HaU.  New  York 
City 
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Wooden  Arched  Ribs  with  Iron  or  Steel  Ties.  For  roofing  large  halls 
or  rooms  a  seguental  timber  arch,  with  an  iron  or  steel  tie  to  take  up  the 
horizontal  thnist,  is  about  the  cheapest  construction,  especially  where  there  is 
no  ceiling  to  be  supported.    Figs.  37  and  38  are  good  examples  of  this  form  of 


Fig.  37.    Segmental  Timber  Arch 

truss,  the  arched  ribs  supporting  all  the  load  and  the  tie-rods  preventing  the 
ends  of  the  arch  from  the  spreading  which  would  result  without  them. 

Truss  for  M.  C.  M.  A.  Building,  Boston,  Mass.  This  truss  is  shown  in 
Fig.  37  and  the  framework  shown  above  the  arch  is  simply  to  support  the  pur- 
lins and  rafters  and  carry  the  load  directly  to  the  arch.  It  does  not  assist  the 
truss  in  any  way  m  carrying  the  load. 


Fig.  38.    Segmental  Timber  Arch 

Trusses  for  the  Fifth  Avenue  Riding-School,  New  York  City.     The 

method  of  supporting  the  roof  of  the  Fifth  Avenue  Riding-School,*  New  York 
City,  was  rather  unusual  and  very  ingenious;  and  as  it  is  an  excellent  example 
of  the  advantage  of  the  arched  form  of  truss,  a  brief  description  is  added.  The 
plan  of  the  riding-room,  which  is  io6  ft  6  in  long  by  73  ft  wide,  is  shown  in  Fig.  39. 
This  spAce  is  kept  free  from  columns,  the  entire  roof  being  supported  by  two 
large  trusses,  one  of  which  is  shown  in  Fig.  38.  The  entire  roofing  is  supported 
by  smaller  trusses  resting  on  these  two  large  ones,  each  of  the  latter,  however, 

*  Remodeled  in  1905.    The  old  trusses  were  used  in  the  altered  structure. 
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Fig.  30.    Plan  of  Truss-framing  of  Fifth  Avenue  Riding-school,  New  York  Qty 


Fig  4a    Detail  of  Iron  Skewback  and  Pott  of  Truss  Shown  in  Pig.  38 
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evcBtnlycMTyiag  m  imI'MMu ^tfui  to  dbout  2 930^  ft,  and  a  ^reat  amount 
of  extra  frameworiL.  The  method  employed  to  resist  the  thrust  of  thew  lacga 
antea  without  the  uae  of  rads  «hov<ag  in  tha  mun  ja  veiy  fegmous.  0|)fx>site 
the  upper  enda  flf  the  Ifon  poata  which  saceiwe  the  uebtai  xibs  ase  oak  atruta 


Tig-  Al.    Aiched  Woodea  Truss.    City  Annocy,  davel^od,  Ohio.    Span  79  feet 


held  in  place  .by  iron  tie^bais  and  heavy  iron  beams  and  -tGget)ier  .forming  a 
horizontal  truaa-ateadi  end.  These  two  trusses  are  prevented  feombeing.pushed 
out  by  two ^  by  i-in  iron  tie^bars  in  each  side  wall,  as  shown  in  the  plan, (Fig.  39). 
Tbeiower  ands  of  the  two  iron  poats.are  tied  together  by  iron  ro(]s  running  under 


FSg.  42.    Arched*  Wo«)enTru88»^Siiiger  Hall,  Fhlladelpbia,  Pa. 

the'  floor  the  whole  length  of  the  room.  Altogether  this  gives  for  the  tie-roda 
of  eadi  truss  two  3  by  x-in  iron  bars  and  one  iH-in-<liam  iron  rod,  equivalent 
to  two  3%  by  i-in  tie-bars.  Enlarged  sections  of  the  ribs,  uprights  and  braces 
are  iihaim  in  Vig.  88.  It  dwuld  be  neticdd  that  the  uprights  have  iron  rods 
through  their  azea,>lioldiBg  Ae*  two-  tiba  together.    Fig.  40  thorns  a  detail,  o^ 
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enlarged  view,  of  the  iron  skewback  and  jKist  at  eadi  end  of  the  truss  shown  in 
Fig.  38. 

TruM  for  City  Armory,  Cl«v«l«nd,  Ohio.*  Fig.  41  shows  the  method 
adopted  for  supporting  the  roof  and  gallery,  the  arch  being  of  wood. 

TruM  for  Siinger  Hall,  Philadelphia,  f  Fig.  42  shows  one-half  of  an 
ARCHED  WOODEN  TRUSS  wWch,  with  Seventeen  others,  was  designed  to  support 
the  roof  over  the  central  bay  of  Sftnger  Hall,  Philadeli^ua,  Hazelhurst  k  Huckel. 


Fig.  43.    Three-centered  Curved  Wooden  Truss.    O.  N.  G.  Anmuy.  Cindnnati,  Ohio 

architects.  This  building  was  erected  in  1897  for  the  use  of  the  Eighteenth 
National  S&ngerfest,  and  was  intended  only  for  temporary  use.  With  the 
dimensions  slightly  increased,  however,  these  trusses  would  be  suitable  for 
permanent  use.  They  were  spaced  20  ft  center  to  center.  A  description  of 
the  building  and  trusses  was  published  in  the  Engineering  Record  of  Januar>'  9, 
1897. 

Truss  for  the  O.  N.  G.  Armory,  Cincinnati,  Ohio.  Fig.  43  shows  a  truss 
used  in  this  building.  The  curve  of  the  axial  line  of  the  arch-truss  is  a  three- 
centered  ellipse.  Hannaford  &  Sons  were  the  architects  of  the  buildini^  and 
G.  Bouscaren  was  the  designer  of  the  trusses.  (See  the  Engineering  and  Build- 
ing Record,  December  7,  1889.) 

*  The  building  has  been  remodded  and  is  now  used  for  commercial  porpotea. 
t  This  building  was  torn  down  immediately  after  the  mectiag. 
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S.  Typ«0  of  Steel  Trussee 

Tnuses  for  Pitched  Roofs.  For  ordinary  oonditioos  and  for  spans  under 
xoo  ft,  some  one  of  the  types  shown  in  Figs.  44  to  55  will  generally  meet  the 
requirements  of  strength  and  economy.  Trusses  of  these  types  are  composed 
of  rolled  plates  and  angles 
and  have  riveted  jomts.  This 
is  not  only  a  dieaper  con- 
struction than  a  combination 
of  shapes  and  rods  with  pin- 
j<nnts  but  is  also  much  more 
xigid.  Where  one  dimension 
of  the  trusses  does  not  exceed 
about  10  ft  they  can  be 
completely  riveted  up  in  the 
shops.  In  case  th^r  are 
large  a  little  judgment  will 
divide  them  into  parts  which 
can  be  shipped  by  rail,  leaving 


Tig.  44.    Trass  for  a  Kanow  Shed  or  Shop 


but  few  joints  to  be  riveted  at  the  building;  but  entire  trusses  having  spans  even 
of  loo  ft  can  be  raised  from  the  ground  and  put  m  place.  Occasionally  a  stnic< 
ture  is  of  such  magnitude  that  this  is  not  feasible,  in  which  case  the  trusses 
must  be  raised  in  parts  and  riveted  afterwards.    For  a  narrow  shed  or  shop  a 


Fig.  45.    Simple  Fink  Truss.    Spans  from  Twenty  to  Thirty-six  Feet 

truss  of  the  shape  shown  in  Fig.  44  is  the  most  economical,  the  truss  proper 
being  that  portion  endosed  within  the  points  A,  B^C.  This  truss  is  practically 
the  same  as  that  shown  in  Fig.  45.  For  spans  of  from  34  to  48  ft,  and  indina- 
tioQS  not  exceeding  6  in  to  the  foot,  the  types  shown  in  Figs.  46  and  47  are  the 
most  suitable.    Trusses  of  the  tjrpes  represented  by  these  two  figures  are  called 


Fig.  46.    FanTruaa.    Spans  from  Thirty-six  to  Fifty  Feet 

FAN  TRUSSES.  The  truss  shown  in  Fig.  45  is  known  as  a  simple  Fink  truss. 
The  truss  shown  in  Fig.  47  is  supported  on  columns,  the  knee-braces  B  and  the 
pieces  A  being  stressed  only  when  the  building  is  subjected  to  wind-pressure. 
A  SAG-TIE,  shown  by  the  middle  dotted  line.  Fig.  46,  is  generally  inserted. 
When  the  roof-construction  demands  three  purlins  on  each  side  of  the  truss. 
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one  of  the  forms  shown  in  Figs.  4Sh  40.  (Kk  9V  M  should  be  used.  Tbe  term 
FsENCH  appears  to  be  generally  given  to  those  trusses  in  which  th«  ti^beam  is 
raised  or  cambered  in  the  middle.    The  truss  shown  in  Fig.  51  may  be  called 


Fig.  47.    Fan  Truss  with  Koee-biaccs.    Spans  from  Forty  to  Sfacty  Feet 

a  TRIANCULAE  Pratt  tkuss  as  the  web  is  composed  of  verticab  ha  < 
and  diagonals  in  tension.  This  truss  is  not  as  economkal  as  the  Fihk  nvas^ 
except  .when  the  inclination  of  tbe  rafter  is  less  thaa  M  pitch.  Tl|ia  is  on 
account  of  the  great  length  of  the  web-iQembeffs  ia  oompWMiBn.    In  dfiiiinTiig 


Fig.  48.    Fink  Truss.    Spans  from  Forty  to  Eighty  Feet 

sted  trusses  it  is  desirable  to  have  as  many  members,  and  eapedaQy  mt  m»ay 
long  members,  in  tension  as  possible,  as  a  given  weight  of  steel  reaisU  9,  much 
greater  stress  when  in  tension  than  when  in  compression.  Tbe  great  ccooomy 
of  FiKK  TRUSSES  and  7.\N  TRUSSES  hes  in  the  faa  that  miost  of  the  members 


Fig.  49.    French  Truss.    Spans  from  Forty  to  Eighty  Feet . 


are  in  tension  and  the  struts  are  short.  By  comparing  Figa.  50  aad  51,  U  is 
seen  that  the  inner  strut  in  Fig.  50  is  on^^  one-haJf  aa  long  as  the  stmt,  in  Fig. 
51.  If  the  roof  is  hipped  it  is  desirable  to  have  vertical  meaben  in  Ihe  hip- 
trusses  to  receive  the  short  trusses  or  trussed  7URLQ9. 
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X>«flli  «l  Flak  Mi4  FAn  TnttSM.  Tbe  dbpth  of  tiies^  tiusses  tt  the 
■iiddl«  is  iMiaUy  detenaiiied  by  tht  rao6iig>-iiMteiml.  Thus  slate  should  not  be 
used  DA  a  roof  in  which  the  rise  is  not  equal  to  one-third  the  span.  For  wooden 
■hiDgles  ihe  rise  should  be  net  leas  than  one-fourth  and  for  corrugated  iron  not 
lesB  than  €i»-fifth  the  spaA.  *  Sted-roii  roofing  may  be  used  where  the  rise  ia 
but  one-twelfth  the  span.  There  ate  many  kinds  of  so-called  ready  aoontie 
put  up  ia  rolls  whidi  may 
be  used  for  any  slope 
ceectifig  %  m  to  the 
Tar-and-gravel  roo 
should  never  be  used 
slope  exceeding  %  in 


foot.     Consideff&g  the  coft-  Fi0.5O.    Fink  Truss  with  Vertical  Stmts 

structiofi  of  the  roof  and 
the  weight  of  the  trusses,  the  most  economical  pitdi  for  a  roof  is  about  one- 
fourth  the  ^)an,  or  what  is  commonly  called  a  quartek-pitch,  the  rise  of  the 
raftetB  bemg  6  in  for  each  12  In  of  run,  or  36*  34'.  When  the  rise  is  less 
than  one-sixth  the  span  some  other  type  of  truss  is  generally  required. 
When  the  inclination  of  the  roof  is  determmed  almost  entirely  by  the  question 
of  economy  the  rise  is  generally  made  from  6  to  7  in  in  12  m.    With  Fink 

TRUSSES     or     FAN     IHUSSES 

having  inclinations  for  the 
rafters  not  exceeding  30*,  it 
is  more  economical  to  employ 
a  horizontal  chord  or  tie.  A 
truss  whose  bottom  chord 
has  a  rise  of  2  or  3  ft,  as  in 
Fig.  49,  presents  a  better 
appearance,  however,  than  one  with  a  horizontal  chord.  Raismg  the  bottom 
chord  also  materially  increases  the  stresses  in  the  truss-members  and  hence 
mcreaaes  the  cost.  For  steep  roofs,  however,  it  is  genecally  as  economical  to 
raise  the  bottom  chord»  because  of  the  diortening  of  the  members. 

Hitmbar  of  Paneli.    The  NmiSER  of  panels  that  should  be  used  in  each 
half  of  the  truss  is  determhied  in  great  measure  by  the  construction  of  the  roof. 


^^'^^^^f^r^ 


Fig.  51.    Triangular  Pratt  Thiss 


Ftg.52.    Fisk  Truss  with  Knee-braces.    Spaa  Sixty-eight  Feet 

If  jack-ffilteis  ted  purKitt  an  iloed  the  length  of  apiuiel  may  be  as  great  as  12  ft; 
il  there  are  no  jack-raf  tens  and  the  planking  of  the  roof  is  naikd  directly  to  the 
iwriia%  the  latter  at«  placed  not  more  than  S  ft  apart;  and  if  the  roof  is  covered 
with  ooOiMpated  iron  aecuved  to  the  purlins^  the  purlins  shouM  be  not  more  than 
5  ft  on  «eBMNw  WhcM\rer  the  porlms  are  more  than  4  ft  apart  they  should 
be  piaoad  at  tha  tnisa^foinu  Co  pRvfint  lacge  bcBdlni^tresaeB  in  fiie  top  chord. 
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The  spacing  of  the  purlms,  therefore,  generally  determines  the  number  of  panels 
in  each  half  of  the  truss.  For  this  reason  also,  the  same  form  of  truss  may  be 
required  for  spans  of  40  and  80  ft;  but  of  course  the  members  will  not  be  as 
heavy  in  the  40-f  t  truss  as  in  the  one  with  greater  span.  Most  of  the  trusses 
shown  in  Figs.  45  to  55  are  drawn  from  executed  designs  and  ghre  a  good 
idea  of  the  most  economical  division  for  different  spans. 

Truss  over  Car-Bani|  Newark,  K.  J.    When  stresses  due  to  flexure  are 
developed  in  the  truss-rafters,  that  is,  when  they  are  loaded  between  the  joints 


Fig.  63.    Fink  Truss.    Span  Fifty^ooe  Feet  Six  Inches 

the  distance  between  the  latter  should  not  exceed  9  ft.  and  preferably  7  or  8  ft 
depending  somewhat  upon  the  distance  between  the  trusses  themselves.  The 
diagram  shown  in  Fig.  55  represents  one-half  of  one  of  the  steel  trusses  used  in 
roofing  a  car-bam  for  the  North  Jersey  Railway  Company.  Newark.  N.J.  There 
are  13  of  these  trusses  spaced  19  ft  sVi  in  on  centers,  each  having  a  span  of 
98V4  ft  between  the  centers  of  the  supporting  columns,  to  which  they  are  riveted 
by  splice-plates  engaging  the  end  connection-plates  and  the  webs  of  the  colimms. 
llie  dimensions  of  the  principal  members  of  these  trusses  are  indicated  in  oon- 


Fig.  54.    Fink  Truss  with  Vertical  Struts,  for  Drill-hall.    Span  Eighty  fbet 

nection  with  Fig.  55.  There  is  a  more  complete  description  in  the  Engineering 
Record  of  June  22,  1901.  These  trusses  Were  shipped  in  four  sections,  which 
were  assembled  on  the  ground  in  a  horiaontal  plane  and  riveted  tip  complete. 
The  bottom  chord  was  sdffened  by  rails  lashed  on  each  side  of  its  entire 
length,  and  a  sling  being  attached  to  the  apex  of  the  top  chord,  the  truss  was 
lifted  and  set  on  top  of  the  columns  by  a  gm-pde,  50  ft  in  length.  The 
roofing  consists  of  corrugated  iron  supported  by  5-in  I-4)eam  puriins,  wcii^ing 
10  lb  to  the  foot,  spanning  from  trusa  to  truss  and  bolted  to  the  raftefs  with 
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two  bolts  at  each  end.  Hie  genexal  spactng  of  the  purlins  is  4  ft  9%  in.  This 
is  a  good  example  of  an  extremely  light  roof,  the  weight  of  each  truss  being  about 
4  200  lb  and  the  entire  weight  of  truss,  purlins,  bradng  of  lower  chord  and 
Gocrugated-iron  roofing  being  only  8  lb  for  each  horizontal  foot  of  surface  cov- 
ered. 

Table  m.    List  of  Descriptions  of  Different  Types  of  Roof-Tfiissee 
Engineering  Record 


Date 

Type 

Number  of 
panels 

March  19, 1892 

Howe 
(   Pink 
I  Pan 
Pink 
Pratt 
Pan 
Pan 
Pink 
Truss 
Truss 
Pink 

8 
8 

12 

'8 

6 

12 

12 

8 
z6 

12 
16 

July  ao,  1901 

January  4, 1902 

February  22, 1902 

Auanst  12.  iqqs 

September  16, 190s 

September  16, 1911 

Trm  OT«r  DriU-ball.  The  truss  shown  in  Fig.  54  was  designed  for  the  roof 
of  a  driU-hall  having  a  span  of  80  ft  and  a  spadng  between  trusses  of  20  ft.  The 
roof  was  to  be  constructed  with  2  by  8-in  rafters  supported  by  purlins  at  the 


.!••.  M'x  S^x''/mV9 
**     SS.  M'x  ^x9CV» 

a,a,o,      i«^iLisX'  v» 

6,6,5,      irS^x^x)C  L»« 

c,  Pi'xtii'x)^   V* 


Fig.  65. 


Trass  over  Car-ban,  Newark,  N.  J.    Span  Ninety-eight  Peet,  Three  Inches. 
(See,  also.  Chapter  XXVIU.  Fig.  25) 


points  At  B,  C,  D,  E  and  F.  Sashes  were  to  be  placed  in  the  rise  CD,  to  light 
the  interior  of  the  building.  The  joint  at  X  was  located  with  reference  to  the 
position  of  the  galleiy-rod;  but  if  there  had  been  no  gallery  it  would  have  been 
more  economical  to  space  the  vertical  struts  uniformly,  as  in  Fig.  50.  In  all 
the  trusses  illustrated  the  K.US  sign  adjacent  to  a  member  denotes  that  the 
member  is  ia  ooifPBSSsiON,  while  the  ionus  sign  denotes  that  it  is  in  tension. 
The  membeis  above  the  main  rafter,  as  CD,  DB  and  EP,  in  Fig.  54,  and  a  and  6 
in  Fig.  55,  do  not  f onn  a  part  of  the  truss  proper,  but  are  merely^  framework  to 
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support  the  elevated  roof,  and  ia  drnwing  the  streM-diagam  ior  the  Ycrtkal 
loads  they  would  be  omitted. 

In  the  issues  of  the  Engioeeriiig  Reoocd  giFBi  in  Table  m  may  be  found  d» 
soiptions  and  iUustifttions  of  several  types  of  lool-tnisae^  inriuiting  the  kan 
described  above. 

Fink  Trasses  with  Pin- Joints.  The  use  of  pin-joints  in  ordinary  roof- 
trusses  has  practically  been  abandoned,  even  for  long-q)an  heavy  trusses.  In 
the  Engineering  Record  of  March  is,  189s,  there  is  a  description  of  a  Fink  truss 
with  pin-Joints.  The  truss  is  heavy  and  is  built  entirely  of  rolled  metal.  The 
tension-members  are  5,  6  and  7-in  eye-bars.    The  span  is  about  105  ft. 

Trusses  for  Flat  Roofs.  For  supporting  flat  itxrfs  or  roofs  having  a  fall 
not  exceeding  i  in  to  the  foot,  one  of  the  types  shown  in  Figs.  56  to  00  will  gen- 


Fig.  56.    Wanen  Trass  with  Verticab.    Spaa  Fifty-sis  Fsii 

eraily  be  found  economical,  the  chdce  of  the  particular  type  depending  somewhat 
on  the  span  and  on  whether  the  truss  is  supported  by  columns  or  by  brick  or 
*stone  wails.  For  spans  up  to  about  jo  ft,  shherof  the  fonns  ibown  in  Figs.  56 
or  57  answer  all  practical  roquircriMnts.  The  truss  shown  in  Fig.  56  is  faitended 
to  be  used  where  the  slope  of  the  mofis  at  right-angles  to  the  truss.  It  csn  bt 
built,  however,  with  the  top  chord  inclined  as  in  Fig.  57.  The  end-diagonals 
in  Fig.  56  are  in  tension,  while  in  Fig.  57  they  sre  ia  compression.  The  portions 
of  the  lower  chord  between  the  end-joints  and  the  walls  (Fig.  56)  have  00  stres 


Fig.  67.    Wnnen  Trass  with  Verticals  and  Knee-braces.    Sfsns  from  Tliiitar  to 
Fifty  Feet  \ 

from  the  roof-load,  but  are  put  in  to  add  rigidity  to  the  oonkruction  as  a  whole. 
In  trusses  supported  by  brick  waUs  this  type  ia  preferable  to  Ufi  shown  in  Fig.  57, 
while  the  latter  is  more  suitable  when  the  roof  is  supported  by  columns.  The 
vertical  A,  Fig.  57,  is  inserted  to  receive  the  tendon  or  comi^Kssion  from  hnoe 
B,  and  has  no  stress  from  the  roof-loads.  •' 

Double  Warren  Tniaa.  The  truss  shown  in  Fig.  58  i^  bravm  as  a  doobu 
Wakrsn  truss,  and  is  desirable  where  it  is  important  |S9  laaka  tim  tmsaes  u 
aballow  as  practicable.    It  can  be  buUt  with  light  naml^  aad  ia  a  voy  stifi 
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uaa,  being  eapedally  suitable  for  roofs  supported  by  steel  cohimna.  Fig.  68 
dx&wn  ftxm  a  truss  in  actual  use.  The  member  in  the  middle  indicated  by  the 
3tted  line  should  never  be  (»nitted,  although  ryiunples  may  be  found  where  it 
as  not  been  included.  Fig.  59>  aho^  represents  a  roof-truss  which  was  con- 
jucted  with  a  span  of  57  ft  and  supported  by  steel  columns.  The  entire  load 
a  the  truss  is  transmitted  to  the  columns  at  the  intersection  of  the  diagonals 


Fig.  $8.    Double  Warren  Truss 

BB  and  the  top  chord.  Fig.  60  shows  a  truss  of  96-ft  span  over  a  pier-shed, 
Nfew  York  City,  the  trusses  being  spaced  20  ft  apart.  Th«y  are  about  10  ft 
high  and  weigh  x  300  lb  each.  They  were  delivered  from  the  shops  completely 
assembled  and  riveted,  and  wer«  itdsed  and  set  in  position  by  falls  suspended 
from  two  masts.  The  dimensions  of  these  trusses  are  given  in  the  Engineering 
Record  of  January  18,  1896. 


Fig.  89.    Pratt-truss  Type.    Span  Fifty-seven  Feet 


The  Pins  and  Mfaitit  Slgnt  in  these  Ulustnitlons,  as  has  been  mentioned 
before,  indicate  coicphession  and  tension,  respectively,  under  a  uniformly  dis- 
tributed dead  load.  The  plus  and  icinus  signs  used  together  indicate  that 
the  member  may  be  subject  to  either  tension  or  coicpression  according 
to  the  direction  of  the  wind  or  to  the  manner  of  distribution  of  the  snow.  In 
most  of  these  trnasei  un^ymmetrical  loads  may  change  the  stresses  in  the 


FSg-flO.   WaiTOhtnwTVpe.   Piw-riied,  New  Yo*  aty.   Span  Ninety-sU  Feet 

diagonals  near  the  middle  of  the  truss.  This  changing  or  stresses  due  to 
unequal  loading  is  considered  on  pages  1096  to  1104*  The  trusses  shown  in 
Figs.  66  to  60  an  ahnoat  invariably  built  with  riveted  connections  and  with 
angle  or  channel^ahapes  for  all  members. 

The  Pratt  TrUM,  shown  In  Figs.  61  and  63,  is  the  form  of  steel  truss 
best  sdapted  to  support  floor-loads,  the  membeia  indicated  by  double  lines 
bdng  in  coicnas8K>N  and  those  faidicated  by  shigle  lines  in  TBMtt^.    Whe^ 
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supporting  floors  are  subject  to  moving  loads,  counterties  should  be  inserted 
where  indicated  by  dotted  lines.  For  trusses  of  this  type  pin-conmections  are 
generally  employed  and  are  preferable  to  riveted  connections. 

The  Quadrangular  Truss.    The  truss  shown  in  Fig.  63  is  known  as  a  quad- 
RANGXJLAE  TRT/ss,  and  has  the  proportions  of  the  truss  over  the  amphitheater 


Fig.  61.    Piatt  TruM 

of  the  Madison  Square  Garden,  New  York.  Figs.  64  and  66,  also,  show  variatioDa 
of  this  type,  differing,  however,  from  the  latter  in  having  all  the  diagonak  in 
each  half-truss  inclined  in  the  same  direction.  In  the  typical  truss  their  direction 
is  usuaOy  reversed  at  about  the  middle  of  each  half -span  in  order  to  keep  them 
in  tension.    The  plus  and  minus  signs  indicate  the  kind  of  stress  produced  in 


Fig.  62.    Suspended  Piatt  Tnm 

a  member  by  a  uniformly  distributed  dead  load.  It  should  be  noticed  that  the 
middle  diagonals  of  trusses  64  and  66  are  in  compression.  These  trusses  are 
well  adapted  to  steel  construction  and  to  spans  up  to  iSo  ft.  When  the  span 
exceeds  100  ft  one  end  of  the  truss  should  be  supported  on  rollers  to  allow  for 
the  expansion  or  contraction  in  the  steel.    In  theM  tnuMs  the  load  is  ttans- 


Fig.  63.    QusdnmguUr  Truss. 


Amphitheater,  Madison  Square  Garden,  New  York 
aty 


mitted  to  the  top  of  the  column-support,  the  truss  proper  being  included  within 
the  points  i4,  B,  C,  D  and  E,  Figs.  64  and  65.  The  continuation  of  the  bottom 
chord  to  the  columns  is  for  the  purpose  of  bracing  the  roof  from  the  latter,  there 
being  no  stresses  in  these  end-chord  members  due  to  vertical  loads.  This  mon- 
ber  B,  Fig.  63,  and  the  corresponding  member  in  Figs.  64  and  65  should  be  oon- 
'nicted  to  resist  both  tension  and  compression.    For  slioi;^^iiy^  the  kmcc 
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Fig.  64.    QnadnuiguUr  Tniss.    Span  Eighty  Feet 


\^ 

Fig.  66.    Quadrangular  Truss 
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Fig.  60.    Diagnuns  <A  Trusees  in  Auditorium,  Kansas  City,  Mo.    Plan  of  Two  Trusses 
Showing  Lateral  Bradng  ^  . 
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chord  may  be  made  in  the  shape  of  a  semidrde  or  half-ellipse  so  as  to  gi' 
more  of  an  ardi-efiFect.    There  aie  numerous  examples  in  this  country  of  qua 


Fig.  67.    Riveted  Truss  with  Broken  Top  Chord.    Power-house,  Interboroush  Rapid 
Transit  Company,  New  York  Qty 


Fig.  68.    Pin-connected  Truss  Over  Drill-hall.  71st  Regiment  Aitnory,  New  Yolk  Ots 

raagular  trusses  haTing  spans  of  from  too  to  i6o  ft.  For  the  wider  spans  it  tl 
customaiy  to  buikl  the  trusses  with  pinkx>nmxction8,  ste^bam  bciog  und  M 
the  ties.    When  this  is  done  it  is  usually  nrnn—ty  to  insert  countsxb£AC££ 
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in  two  psadt  on  each  tide  of  the  truis  as  shown  by  the  dotted  lines,  Tig.  63, 
as  ttnder  an  unBymmclriCftl  or  wind-load  the  streeses  in  the  diagonals  are  gener- 
ally reversed.  For  tpansleaa  than  loo  ft,  the  tnissea  may  be  built  with  AxV£T£t> 
oomiBCTtoiiB*  In  this  caat  the  diagonals  afe  generally  made  of  angles  capable 
ol  fcuadng  both  tension  and  oompression,  the  connterbraces,  therefore,  not 
being  reqd^.  For  this  type  of  truss  the  stresses  due  to  wind  and  snow  should 
be  oomputed  independent^  of  the  dead  load  and  the  members  computed  for 
the  amarimum  KtteMea  piodvoed  by  eveiy  poesible  oombination  of  loading. 

Trusaet  for  the  AudltDfittin,  Xmniaa  City,  Mo.  A  description,  with 
lUustrations,  of  the  truss  shown  in  Fig.  66,  which  is  a  diagram  of  one  of  the  trusses 
over  the  Kansas  City  Auditorium,  may  be  found  in  the  Engineering  Record  for 
July  ^2, 1899,  and  in  the  Engineering  News  o!  November  2, 1S99. 

Riveted  Tmaa  with  Broken  Top  Chord.  A  description  is  given  in  the 
Eagineerifig  Record  of  October  ts,  1904.  Hie  span  is  78  ft  between  centers 
of  the  supporting  columns  (Fig.  67). 

Tniag  for  Drill-Ball,  Kew  York  City.  A  pin-connected  truss,  over  the 
drill-hall  of  the  7zst  Regunent  Armory,  New  York  City,  has  a  span  of  290  ft 
4  in  and  full  descriptions  o!  it  are  given  in  the  Engineering  News  of  June  16, 
1904,  and  in  the  Engineering  Record  of  July  2, 2904  (Fig.  68)* 

I.  Arched  TruMM 

Diiference  Between  an  Arched  Tmaa  and  a  Traaaed  Arch.  For  sup- 
porting the  roof  of  very  large  spaces  such  as  dri]l-halls»  ridl2ig^halls,  railway 
train-^eds,  etc.,  trusses  in  the  form  of  arches  or  arches  composed  of  trussed 
members  are  often  employed.  The  essential  difference  between  an  arched  truss 
and  a  indMn>  Atcil  is  that  under  vertical  loads  the  supporting  fbrces  of  an  arched 
truss  are  vertical,  while  for 
a  tttissed  arch  they  ate 
incfined. 

BowitrlngTmatet.  Vn- 
▼ioiia  to  the  year  t88o  moit 
of  the  wronght-inm  trusses 
of  wide  span  were  liuilt  in 
the  iofm  of  a  bow,  from 
wlilai  uM  tem  Bowsmifo 
was  derived.  Tniases  of  this  type  were  buUt  with  spans  of  from  88  to  ait 
ft  and  with  a  liai  at  ^e  middle  of  ftom  %  to  \4  the  span.    At  that  time  this 

type  was  considered  the  most 
economical  for  spans  exceed* 
ing  ISO  ft,  but  in  recent 
years  they  have  been  com- 
paratively little  used.  Fig. 
69  b  the  diagram  of  a  bow- 
string truss  with  a  span  of 
153  ft  6  in.  The  trusses  in 
this  particular  case  are 
spaced  ai  ft  6  in  apart. 
The  arched  top  chord  consists  of  a  wrought-iron  deck-beam  9  in  deep,  with 
a  >o  by  iH-in  fi^te,  riveted  to  its  upper  flange.  Towards  the  springing 
this  rib  is  attengtbened  with  7  by  %-in  plates  riveted  on  each  side  of  the 
deck-beam.  The  struts  ate  wrought^ron  t  beams  7  In  deep.  The  bottom 
diotd  has  a  seettonal  area  of  6%  sq  in  and  each  diagonal  tension-rod  a 


Fig.  80.    Bowstring  TtiM 


Fig.  70.    Bowstring  Tnus 
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diameter  oi  i%  in.  Each  truss  is  fixed  at  one  end  and  rests  on  rollers 
at  the  other,  allowing  free  expansion  and  contraction  due  to  changes  of  tem- 
perature in  the  metal.  Fig.  70  shows  a  similar  truss  having  a  span  of  aia  ft. 
It  consists  of  BOWSTRING  PRINCIPALS  spaoed  24  ft  i^iart.  The  rise  is  one-fifth 
the  span,  the  middle  of  the  bottom  chord  rising  17  ft,  and  of  the  top  chord  40%  ft 
above  the  springing.  The  top  chord  is  a  15-in  wrought-iron  I  beam  and  the 
bottom  chord  a  round  rod  in  short  lengths,  4  in  in  diameter  and  thickened  at 
the  joints.  The  ties  of  the  bracing  are  of  plate  iron  from  s  to  3  in  in  width,  and 
%  in  thick.  The  struts  are  formed  of  bars  having  the  form  of  a  cross.  During 
the  last  ten  or  twelve  years  a  number  of  roofs  have  been  supported  on  trusses 
which  can  hardly  be  classed  as  simple  trusses;  and  yet  it  is  questionable  if 
they  are  true  arches.  Probably  the  frames  act  partially  as  simple  trusses 
and  partially  as  arches. 

Trusses  for  the  Conservatory  Building,  Garfield  Park,  Chicago,  HI. 

Engineering  News,  August  27, 1908.  The  roof  is  supported  by  pointed  trusses 
spaced  12  ft  6  in  on  centers.  The  truss-span  is  80  ft  6  in,  center  to  center  of 
end-supports.  The  chords  of  the  trusses  are  parallel  and  connected  by  Warrex 
BRACING.  Both  ends  of  the  trusses  are  bolted  to  the  supports  and  .consequently 
there  must  be  some  horizontal  thrust  under  certain  conditions.  The  trusses 
are  riveted  at  all  joints  and  have  no  hinges  or  pins. 

Trusses  for  the  Chicago  and  North  Western  Railway  Station,  Chicago, 

ni.  Engineering  Record,  June  18,  19 10.  The  roof  over  the  main  waiting-room 
is  carried  by  trusses  each  having  a  span  of  90  ft  4  in  and  a  rise  of  31  ft  and  being 
riveted  to  columns  about  27  ft  6  in  apart.  All  connections  are  riveted.  The 
dear  height  of  the  bottom  chords  at  the  middle  is  84  ft. 

Trusses  for  the  Peoria  and  Pekin  Union  Railway  Trains-Shed,  Paoria, 

Bl.  Engineering  Record,  December  8,  1900.  The  trusses  are  riveted  to 
columns  about  30  ft  above  the  Boor  and  spaced  20  ft  apart.  The  truss-span  is 
109  ft  4  in,  center  to  center  of  end-sapports,  with  a  dear  rise  of  about  xo  ft. 
The  depth  at  the  middle  is  18  ft  and  at  the  end  6  ft.   AU  connections  are  riveted. 

Trusses  for  the  New  Union  Station,  Washington,  D.  C.  Engineering 
Record,  February  6,  1904.  The  concourse-roof  is  supported  by  crescent 
TRUSSES,  each  having  a  span  of  132  ft  5H  in  and  a  clear  rise  of  22  ft  sVi  in.  They 
are  spaced  about  39  ft  4  in  apart.  One  end  of  each  truss  rests  upon  masonry 
and  the  other  is  riveted  to  a  heavy  plate  girder.  All  connections  are  riveted. 
The  bottom  chord  at  the  middle  is  45  ft  above  the  floor.  The  trusses  over  the 
waiting-room  of  the  same  station  have  a  span  of  137  ft  8  m  and  a  rise  of  45  ft 
5  in.  The  chords  are  paralld  and  the  ends  are. anchored  with  bolts  to  the 
masonry. 

Trusses  for  the  Riding-Hall,  Armory  for  Squadron  C,  National  Guard, 
Brooklyn,  N.  T.  Engineering  News,  August  29,  1907.  The  main  trusses  have 
a  span  of  179  ft  2  in  and  a  rise  of  about  66  ft  in  the  dear.  The  total  depth  of 
the  truss  at  the  middle  is  14  ft,  while  at  the  ends,  where  the  chords  approadi 
each  other  and  finally  become  vertical,  it  is  3  ft  3  in.  One  end  is  anchored  to 
the  masonry  and  the  other  is  on  rollers.  The  trusses  are  in  pairs  10  ft  11^  m 
on  centers  and  the  pairs  are  spaced  38  ft  8^  in  on  centers.  All  connections  are 
riveted. 

Trusses  for  the  New  Rock  Island  Terminal  Station  Train-Shed,  Chicago* 

ni.  Engineering  Record,  September  12,  1903.  Engineering  News,  August  6, 
1903.  The  trusses  over  the  tracks  have  a  span  of  221  ft  i  in  center  to  center  of 
the  end-pins,  a  rise  of  28  ft  and  a  depth  at  the  middle  of  25  ft  6  b.    Thcgr  are 
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supported  by  oolumns  and  are  spaced  from  lo  ft  3  in  to  19  ft  6  in  apart.  AU 
principal  ooonections  are  made  with  pins. 

Ciinred  Trusses  with  Horizontal  Ties.  Cuiived  or  axched  trusses  aie 
often  constructed  with  a  horizontal  member  connecting  the  ends  at  the  supports. 
This  malLes  the  structure  as  a  whole,  indudiug  the  horizontal  member,  usually 
called  the  tie-kod,  a  simple  truss  requiring  only  vertical  supporting  forces 
for  vertical  loads,  provided  one  end  is  free  to  move,  as  it  is  when  placed  on 
rollers.  When  the  trusses  are  supported  by  long  columns  it  may  be  assumed 
that  the  ends  have  freedom.  A  few  examples  are  given,  some  of  which  are 
commonly  classed  as  true  arches. 

Trusses  for  the  Sullivan  Square  Station,  Elevated  Railway,  Boston, 
Mass.    Engineering  Record,  June  15,  1901.    Fig.  71.    These  arches  spring 


Hg.  71.    Axdhed  Truss  for  Sullivan  Sqaut  Station,  Elevated  Railway,  Boston, 


from  steel  columns  and  are  provided  with  tension-rods  which  take  up  the  thrust. 
The  arch  proper  rests  on  two  4^-in  pins  at  each  end,  as  indicated  in  the  diagram, 
the  tie-rods  being  connected  to  them.  The  bracing  below  each  pin  is  riveted 
to  the  column  and  the  arch  itself  is  built  of  angles  and  plates  with  riveted  con- 
nections. Fig.  71a  shows  the  joint  at  A  where  the  tie-rods  are  connected  and 
held  up  by  a  x-in  suspension-rod  from  the  crown  of  the  arch.  This  construc- 
tion is  the  same  in  principle  as  that  of  the  wooden  arch  shown  by  Fig.  42. 

United  States  Express  Company's  Receiving  Station,  New  York  City. 
Engineering  Record,  October  22,  1904.  The  roof -trusses  in  this  building  are 
supported  on  24-in  brick  waUs  at  the  level  of  the  second-story  floor  and  have 
their  ends  connected  by  Z  beams  which  form  a  part  of  the  floor-frammg  of  the 
second  story.  Each  truss  has  a  span  of  74  ft  4  in  and  a  dear  rise  of  27  ft.  They 
are  spsoed  about  34  it  5  in  apart  and  have  all  connections  riveted.    Since  th' 
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ties  are  veiy  heavy  one  might  be  led  to  cUasil^  theae  tniatea  wHh  •aam  amcbs^ 
fixed  at  the  ends;  but  as  the  condition  of  riXBD  ends  rarely  obtains  in  pcidi^^j 
it  is  better  to  consider  this  type  of  structure  as  an  auchsd  truss  with  a  tic-rod^ 
or  possibly  as  similar  to  the  type  shown  in  Fig.  75. 


Tabl«  IV.    Otnecal 


of  a  Fow  Tltt«a-Hbiflo4  Aichoa 


Locatioa 

Spaa 
ft     in 

Rise 
ft       ia 

Tie 

Rx/TAr^iim^  TTmvM*sitv 

loi    4 
iq6   0 
131  10 
134    0 
149    9 
163   6 
172    0 
178   6 
i8x    0 
184    0 

189  8 

190  4 

191  4 
215    0 
327    0 
330    0 

353     8 

259    0 
300    8 

368    0 

'56    '^ 
9«    3 
32   6 
66    6 
73    5% 
69    9H 
80    0 

90     2^ 

94  (about) 
103    4H 
88    ot 
84    0 
73    0 
94    0 

i9*i% 

88    3H 
100    4 

206    4 

Floor-boaim 
Notio 
tTwDiHXiH 

t2HX2H 
tTwoa^iffotaidfpds 

^Ibam 

No  tie 

Notio 

No  tie 
tTwo  xfito  fDuad  rods 

Two  channrb 
tTwo  4  X%-lo  plates 

t9X%s-tnpUte 
Two  i2-in  I  beams 

Ialwsoo  Ridtna-Acpdcrnv  --.,,-,.  t  , 

Machinery  HaU.  Chicago  Bxp 

33fld  Reg.  Armory.  New  York .... 
Coliseum,  Chicago  (new) 

Newark,  N.  J. ,  Armory 

Government  Bldg.,  St.  Louis  Exp. . 
Coliacnm,  St.  Lonis 

Hartford,  Conn.,  Armory. ,....,.,  t 

Ftaakfort.  Germany,  Train-Shed. . . 
69th  Reg.  DriU-HaU,  New  York... 
5th  Reg.  Armory,  Baltimore,  Md.. . 
47th  Reg.  Armory,  Brooklyn,  N.  Y. 
Cdisenm,  Chwago  (old) 

74th  Reg.  Armory.  Buffalo,  N.  Y. . 

Coal-Sh^.  Wende.  N.J 

Tersev  Citv  Train-Shed 

Philadelohia  Train-Shed 

Broad  Street  SUtion.  Phila 

Mannfacturet    and    Liberal  Arts 
Bldg..  Chicago  Exp , 

Location 

Distance,  center  to 
oeater* 

Referenoe 

Syracuse  University . 

17ft    iiV^ia 
32  ft     0  in 
50  ft     8  in 
II  and  52  ft 
23Vi  to  35  ft 
31  and  36%  ft 
35  ft     oin 
36ft     81a 

6  and  52%  ft 
33ft     6  is 

6%  aad  3894a 

R.Aag.  92.1908 
R.  Dec.  31. 1904 
•      R.  Dec  24. 1892 
N.May    5/19x0 
N.  Sept.  14.  X899 
R.  May  26. 1900 
N.  Sept.  29. 1904 
N.Aag.  10.1899 
R.  Sept.  12. 1908 
R.Mar.    5.1892 
R.Juac     3.X9Q5 
R.  May  14, 1904 
R.  Dec.  23. 1899 
N.  Nov.  X2. 1896 
R.Juno    9.1900 
R.Oct.     3.1908 
N.  Sept.  as.  1899 
R.My  16.1892 
R.  June  xo.  1893 

N.Sept.   1.1892 

Machinery  Hall.  Chicago  Exp 

Coliseum,  Chicago  (new) 

Newark,  N.  J..  Armory 

Coliseum.  St.  Louis 

Hartford.  Conn.,  Armory. 

Frankfort.  Germany.  Train-Shed,., 
69th  Reg.  DriU^HaU.  New  York  . . 
5th  Reg.  Armory.  Baltimore,  Md.. 
47th  Reg.  Armory,  Brooklyn.  N.  Y. 
Coliseum,  Chicago  (old) 

34ft     4ia 
46  ft     8  in 

74th  Reg.  Armory,  Buffalo,  N.  Y.. 

Coal-Shed.  Wende.  N.  J 

Jetscv  Citv  Traitt'Shed 

32  ft     10^  in 

i4^aod43Vift 

Philadelphia  Train-Shed 

Broad  Street  Station,  Phila 

Manufactures    and    Liberal  Arts 
Bldg..  Chicago  Exp 

*  Center  to  center  of  ead-supp< 
I  To  Idww  cbord.         N.  Eog 

>rts. 

tD 

(fews.        R. 

laen^iniadMa. 
Engineonag  Roooro. 
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Fif.  71a.    Detail  at  A,  Fig.  71. 


TtuMes  f«r  DfUl*H«n»  xath  R«gim«iit  Armory,  Scr«atoii»  Pa.  Engi- 
ncerlqg  Record,  August  94*  1901 »  These  rool-trusses  an  about  5  it  deep  and 
mn  spaced  about  la  ft  on  oenters.  The  tnisanipaii  it  156  ft,  over  aH,  with  a  rise 
cl  47  It  in  the  clear.  The  ends  rest  00 
£at  plates  and  are  connected  by  a  tie 
consisting  of  two  i%-in  round  rods. 
Freedom  of  motion  is  provided  at  one 
end  by  slotting  the  holes  for  the  anchor- 
bolts. 

Trofsea  for  Armory  DriU-Eall, 
ProTld«aca,  R.  I.  Engineering 
Record,  April  13,  1907.  The  type  of 
roof-truss  used  in  this  building  is  oom- 
xnonly  called  a  three-hinged  akm, 
there  being  a  pin  at  each  support  and 
one  at  the  crown;  but  the  two  end-pins 
are  connected  by  a  tie  and  one  end-shoe 
is  provided  with  rollers  and  hence  the 
structure  is  a  simple  tkuss  composed  of  three  members,  two  of  which  are 
trusses  in  themselves.  The  truss-span  is  x66  ft  8  in  and  the  rise  about  61  ft. 
The  trusses  are  riveted  and  spaced  about  26  ft  i  in  on  centeiv. 

Tmaaea  for  the  PennayWania  Railway  Train-Shed,  pittaborgh,  Pa. 
Engineering  Record,  August  23,  1902.  The  trusses  have  three  hwoes  and  a 
TIE  and  a  koller-bearing  at  one  end.  The  truss-span  is  255  ft  %  in  between 
end-pin  oenters,  the  rise  93  ft  between  pin-centers  and  the  depth  at  the  center 
7  ft.  The  trusses  are  riveted  and  stand  in  pairs  9  ft  on  centers  and  the  pairs 
are  spaced  49  ft  6  in  on  centers. 

The  Three-hinged  Arch  as  employed  for  supporting  the  roofs  over  large 
rooms,  train-sheds,  drill-halls,  etc.,  is  composed  of  two  curved  trusses,  usually 
of  the  same  form  and  dimensions,  resting  upon  pins  at  the  supports  and  con- 
nected by  a  PIN  over  the  middle  of  the  span.  The  supports  are  assumed  to  be 
FIXED  in  poution  and  are  often  connected  by  a  tie  to  insure  stability  and  take 
up  the  horizontal  thrust  of  the  arch.  While  a  metal  tie  between  masonry  sup- 
ports does  not  make  these  supports  fixed  in  position  under  all  or  any  conditions 
of  loading,  yet  for  all  practical  purposes  they  may  be  so  considered;  and  these 
three-hinoed  structures  which  have  ties,  provided  there  is  no  arrangement 
for  horizontal  end-movement  due  to  roller-bearings,  etc,  may  be  classified  with 
those  whose  supports  must  resist  all  horizontal  as  well  as  all  vertical  forces. 
The  bottom  pins  are  usually  placed  below  the  floor-level  so  that  the  tie-rods, 
when  used,  may  be  concealed  by  the  floor  or  even  made  a  part  of  its  framing. 
Under  certain  conditions  the  arches  can  be  so  designed  that  the  horizontal  thrust 
will  be  Quite  smaU  and  the  supporta  designed  witliout  the  \ise  of  the  horizontal 
tie.  The  special  advantages  of  the  tbscK'HIMGEO  arch  for  the  class  of  build- 
ings above  mentioned  are  economy  and  a  maximum  amount  of  dear  space 
beneath  the  truss.  Much  of  the  economy  results  from  the  omission  of  support- 
ing rninmns.  The  base  of  the  arch  being  very  near  the  ground-level,  It  is  also 
weO  deigned  to  resist  wind-pressure.  Another  advantage  of  this  type  is  the 
bee  movement  allowed  under  temperature<hanges  without  causing  additional 
stieases  in  the  members  of  the  structure,  the  middle  part  rising  or  falling  freely 
with  a  slight  rotation  of  the  half-trusses  about  the  pivots.  In  the  case  of  the 
arches  of  the  buildings  of  the  Paris  Exposition,  it  was  estimated  that  a  range  of 
tempMratuce  of  leo**  F.  wouki  produce  a  change  in  level  of  2%  in  at  the  center 
pivot,  .  Tlie  ARCHSO  RIBS  are  usually  built  of  plates,  ani^  or  channels,  with 
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riveted  oonnectioiis  and  frequently  with  a  solid-plate  web  at  the  bottom.  The 
determining  of  the  stresses  and  detailing  of  the  members  and  joints  require  tbe 
services  of  a  competent  structural  engineer;  but  the  illustrations  given  will 
enable  the  architect  to  decide  on  the  general  shape  of  the  trusses  for  the  purpose 
of  making  preliminary  drawings  and  the  computations  and  detail  drawings  can 
be  made  later.. 


Fig.  72.    HalfThiat.    Tbree-hioged  Arch.    Muiuhictufei  and  Liberal  Arts  Buildiag, 
Chicago  Kapositiqn 

Tmisea  for  Railway  Statioii,  Frankfort-oa-the-Main,  Germany.    The 

first  suggestion  for  hinging  the  ribs  at  the  crown  was  made  by  M.  Mantoa.! 
a  French  engineer.  The  writer  believes  that  the  first  application  of  this  prindpie 
to  roof-trusses,  at  least  on  a  large  scale,  was  made  in  the  train-sheds  of  the  Unioi 
Railway  Station  completed  in  the  year  1888  at  Frankfort-on-the-Main,  Gcrmuqrv 
These  trusses  have  a  span  of  about  1S4  ft.  Engineering  Record  of  SeptemUri 
12,  1891,  and  March  5,  1892. 

TrusBea  for  Machinery  Hall,  Paris  Bzpoaition.    The  large  roof  of  tfat 
Machinery  Hall  of  the  Paris  Exposition  of  1899  was  supported  by  tnisaa4{ 
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this  type,  the  span  being  368  ft  and  exceedmg  anjrthing  hitherto  attempted  in 
roof-trusses.  Since  then  trusses  of  this  kind  have  been  frequently  used  for 
roofing  large  exhibition-halls,  train-sheds,  armories,  and  similar  buildings. 

TmsMi  for  Manofactares  and  Liberal  Arts  Building,  Chicago  Bxpoti- 
tioxu  Fig.  72  shows  the  half-truss  of  one  of  the  three-hinoed  arches  sup- 
porting the  roof  of  the  Manufactures  and  Liberal  Arts  Building  pf  the  Chicago 
Exposition.    Engineering  News,  September  z,  1892. 

TmsMB  for  DrOl-Hall,  BrooUyn,  N.  T.  Fig.  73,  in  a  similar  manner, 
shows  the  half-truss  of  one  of  the  three-hinged  arches  over  the  drill-hall  of 


Fig.  73.    Half  Truss,  Three-hinged  Arch.  DriU-haU.  Brooklyn.  N.  Y. 

the  47th  Regiment  Armory,  Brooklyn,  N.  Y.  Engineering  Record,  December 
23»  1899.  A  description  of  the  arch  shown  in  Fig.  74  is  given  in  the  Engineering 
Record  of  November  19  and  December  24,  1892.  The  horizontal  thrust  due  to 
the  dead  load  is  small. 

Two-hinged  Arches.  When  there  are  only  two  pins,  usually  at  the  sup- 
ports, the  trusses  become  two-hinged  arches.  As  in  the  case  of  three-hinged 
arches,  there  may  be  a  tie  or  the  supports  may  be  entirely  depended  upon  to 
resist  the  horizontal  thrust. 

Trusses  for  Live-Stock  Pavilion,  Chicago,  HI.  In  the  Engineering  News 
of  June  28,  1906,  there  is  a  description  of  the  two-hinged  arches  supporting 
the  roof  of  this  building.  The  arch  span  is  198  ft,  the  rise  54  ft  and  the  tniss- 
spadng  42  ft.    Each  truss  has  a  tie  consisting  of  one  2%«-in  round  rod. 

Trusses  for  Railway  Station,  Cologne,  Germany.  This  station,  owned 
by  the  Prussian  Railways,  has  two-hinged  arches  supporting  the  roof  of  the 
train-shed.  The  arch-span  is  209  ft  6  in  and  the  rise  79  ft.  There  is  a  brief 
mention  of  tt  in  the  Engineering  News,  October  6,  1892.    A  number  of  roofs 
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lHg.74.    Three-hinged  Aich,  Machinety  Hall,  Oiicaio  Ezpositlaa 


ngk75»    Tiro4i$iiced  Aith,  expQtftfen  Ban,  PiovidcttM.  R.  L 
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•iemippaitedby8tnictuzaaimUartothatdxownmi^.75.  While  such  a  hame 
i»  not  itrictity  a  7WO*HiNaCD  amxm,  owing  to  the  lack  of  freedom  at  the  wpports, 
it  may,  bo«ev«r,  for  all  practical  puipoaea^  be  ao  conddciecL 

Table  V.    List  of  BnUdiiiff  with  Tkunea  of  the  Two-mDfed^Arcli  Type 


Name 

Span 

Spacing 

Anrnirv.  Pawtflcket.  R.  I 

ft 
8a 

92 

96 

100 
X04 
Il8 

X20 
Z22 

176 
196 

ft 

24 

a$ 

24 

24 

25 

245 

23  to  25 

30 

245 

35 

Armory.  Portlaad.  Me. 

PhoBoix  HaU,  Btocktoo,  Mass. 

Armorv.  Northampton.  Mass* .......... 

Pa]aceRink.  Hartfoftl,  Cona 

BzpositioQ  Hall,  Providence,  R.  I 

Armory  1  Boston ,  ICass 

Armory.  22d  Reg..  New  York  City 

Armory,  Brooklyn.  N.  Y 

These  structures  are  described  in  Building  Construction  and  Superintendence,  Part 
m,  by  F.  E.  Kidder  and  are  similar  to  the  type  shown  in  Fig.  76. 

Fixed  Arches,  or  arches  without  hinges,  are  seldom  employed  in  buildings. 
In  a  number  of  examples  dted  above  the  structures  have  the  appearance  of  being 
fixed  at  the  ends,  but  %  closer  inq;>ection  indicates  that  they  are  not  sufficiently 
andiored  to  warrant  their  being  classed  as  vixed  AJKCHsa. 


i.  Cantilever  Tmssea 

Oen^rtl  Prind^es.  A  camtilevex  beam  or  cAKrtLEVER  truss  is  that 
portion  of  a  larger  beam  or  truss  which  extends  beyond  one  of  the  supports,  as 
B  in  Figs.  70  to  79  and  X  in  Fig.  80.  The  overhanging  portion  B  is  called  the 
CAiraiLEVEX-AKM  and  the  portion  C  the  anchox-span.  The  cantilever-arm  may 
support  at  its  end  another  beam  or  truss.  The  term  cantilevex  was  originally 
used  to  designate  a  projecting  beam  which  served  as  a  bracket;  in  engineering 
it  is  used  to  denote  a  beam  or  girder  fixed  at  one  end,  by  being  either  built  into 
a  wall,  or,  as  is  more  commonly  the  case,  extended  a  sufficient  distance  beyond 
its  support  to  form  an  anchorage.  Thus  in  Fig.  76,  which  shows  a  beam  resting 
on  two  supports,  ^  is  the  cantilever  or  cantilever-arm  and  C  the  anchor-span  or 
anchorage.  It  is  obvious  that  if  this  entire  beam  were  uniformly  loaded  the 
support  P  would  cany  the  greater  part  of  the  total  load;  and  also,  that  an 
additional  lottd  W,  at  the  end  of  the  cantilever,  might  cause  a  negative  reactk>n 
or  upward  puU  at  the  support  D,  in  which  case  the  reaction  at  P  would  exceed 
the  load  on  the  beam,  imless  the  negative  reaction  at  I>  is  considered  as  an 
additional  load.  Although  both  conditions  of  loading  occur  in  practice,  the 
cantilever  end  of  the  truss  usually  requires  an  anchorage  rather  than  a  support 
at  the  inner  end.  As  applied  to  roof-construction  some  such  arrangement  as 
is  shown  in  Fig.  77  is  generally  required  to  make  this  method  of  support  prac- 
ticable; that  is,  a  wide  middle  span,  with  shorter  spans  or  aisles  on  each  side  of 
it.  Each  cantflever-arm  b  usually  made  from  %  to  %  the  middle  span  and  a 
simple  MiDDiK  Tkvss,  represented  by  5,  supported  by  the  arms  of  the  canti- 
levers, is  used  to  support  the  rest  of  the  roof.  In  all  such  cases,  therefore,  can- 
tilever trusses  must  be  used  in  pairs,  one  on  each  side  of  the  buildhig;  and  there 
B«st  be  room  or  passages  outside  of  tht  principal  span  to  permit  the  use  of  the 
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outer  or  anchor-spans.  This  arrangement  is  generally  found  in  anditoriiuii.s 
armories,  eichibition-halls  and  similar  buildings,  and  is  sometimes  oonvenientlj 
adapted  also  to  other  classes  of  structures.  Of  course,  in  a  large  building  a  beaz^ 
consisting  of  a  single  member  such  as  is  shown  in  Fig.  77  could  not  be  uaed 


Flf.77 


^""T"-    ^4^^ 


Fig.  79  Fig.  80 

Figs.  76  to  80.    Cantileven  and  Cantilever  Trusses 

but  the  principle  of  construction  is  the  same  whether  the  cantilever  is  a  single 
member  or  a  large  truss.  Fig.  78  is  the  diagram  of  a  truss  which  takes  the  plac^ 
of  the  beam  CB  in  Fig.  77,  the  single  Imes  representing  the  tension-member^ 
and  the  double  lines  the  compression-members.  Fig.  81  shows  the  complcte| 
arrangement  of  two  of  these  trusses  with  the  accompanying  middle  trus%  for  ani 


Fig.  81.    Suggntion  for  Wooden  Cantilever  Thus 

entire  roof.  The  truss-principle  shown  in  these  figures  may  be  devetoped  to 
almost  any  extent.  The  lower  chord  may  be  curved,  but  the  general  outline 
of  the  truss  is  best  adapted  to  those  roofs  in  which  a  wide  middle  part  is  to 
be  supported  by  cantilevers.  For  bridge-trusses  or  floors  the  fonn  shown  in 
Fig.  79  may  be  used;  while  for  abed  and  pbtlorm-roofs,  open  oo  one  side,  trusses 
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of  the  fonn  shown  in  Fig.  80  are  about  the  only  ones  practicable.  In  this  latter 
truss  the  proportions  of  the  arms  are  such  that  only  a  slight  support  is  required 
at  W,  and  a  consequent  compressive  stress  developed  in  the  lower  portion  of  the 
rafter. 

AdTtntages  and  DlaadTantagea  of  the  Cantilever  Truse.  The  cantilever 
truss  pos&esses  some  special  advantages^  The  clear  height  in  the  middle  is  greater 
than  can  be  obtained  with  any  other  type  excepting  the  three-hinged  arch;  its 
appearance  is  light  and  graceful,  and  there  is  no  horizontal  thrust  and  conse- 
quently no  necessity  for  tie-rods.  The  particular  advantage  of  this  truss  for  very 
great  spans  is  that  it  can  be  erected  without  scafifolding  imder  the  middle  part, 
and  in  bridge-work  this  is  considered  as  its  only  advantage.  It  is  claimed  by 
some  prominent  engineers  that  the  cakxilbver  type  or  truss  is  not  an  economi- 
cal one  and  not  as  desirable  for  sp^ns  of  150  ft  or  more  as  the  three-hingeb 
ASCH.  It  does  not  as  readily  lend  itself  to  methods  of  allowing  for  expansion 
and  contraction  as  the  three-hinged  arch,  the  bowstring  truss,  or  the  quad- 
rangular TRUSS.  For  certain  classes  of  buildings,  however,  and  especially 
where  the  middle  span  does  not  exceed  150  ft,  it  can  perhaps  be  used  with 
better  architectural  effect  than  is  possible  with  other  types,  the  cost  remainbg 
about  the  same.  For  roofing  platforms,  grand-stands,  etc.,  where  an  outer 
support  is  not  desired,  it  is  the  only  t}rpe  available. 

Tmsa  for  Grand-Stand,  Monmonth  Park,  N.  J.  Fig.  82  is  a  diagram  of 
one  of  the  cantilever  trusses  supporting  the  roof  of  the  grand-stand  at  this 


Fig.  82.    Cantilever  Truss.  Grand-stand,  Monmouth  Park.  N.  J. 

radng-track,  Che  details  of  which  were  published  in  Architecture  and  Building, 
in  Februaxy,  1890.  This  is  an  instance  in  which  the  cantilever  was  the  only 
t3rpe  of  truss  that  oouki  be  used  and  the  form  adopted  is  both  simple  and  economi- 
cal. As  will  be  seen  from  the  drawing,  the  main  su|^porting  column  extends  to 
the  top  of  the  truss,  as  is  usually  the  case  with  cantilever  trusses,  and  the  truss 
is  riveted  to  each  side  of  it.  The  upper  and  lower  chords  are  made  of  two  an^es 
and  a  web-plate.  The  bracing  consists  of  angle-bars  used  in  pairs  and  varying 
from  3  by  2  by  %  in  to  3  by  3  by  %6  in,  the  whole  frame  being  connected  by 
rivets. 

Tmsaea  for  the  Fore  River  Ship-bnllding  Shed,  Quincy,  Mass.    In 

the  Engineering  Record,  July  36,  1902,  there  is  a  description  of  the  roof  of  this 
building,  in  which  the  cantilever  trusses  have  an  overhang  of  60  ft. 

Roof-Trusses  for  Grand-Stand,  Empire  City  Trotting  Association, 
Tonkers,  N.  T.  These  trusses  have  cantilever-arms  at  each  end,  25  ft  6  in 
on  one  end  and  15  ft  6  in  on  the  other.  The  intermediate  truss  has  a  span  of 
50  ft.  This  structure  is  described  in  the  Engineering  Record,  February  10^ 
1900.  Other  examples  of  cantilever  roofs  are  given  in  Building  Construction 
and  Superintendence,  Part  IH,  by  F.  £.  Kidder. 
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CHAPTER  XXVII 

STRESSES  IN  EpOF-TRUSSES 

By 
MALVERD  A.  fiOW£ 

nKVBBSOft  09  CIVIL  BNOOIEEUllOi  S08B  tOUTnoaOltC  IMSBTDIB 


1.  RooT-lMnls.    Dirta,  Wmlt^, 

Data  for  Roof -Trusses.  Before  t!he  stresses  in  a  roof -truss  can  be  deter- 
mined it  IS  necessary  to  decide  upon  the  character  of  the  roof-oovezui&  the 
method  of  supporting  it  between  the  trusses,  the  geometrical  shape  and  span 
of  the  trusses  and  the  spacing  of  the  trusses. 

Fooflng  Haterials  for  Fitchod  Roofs.  The  materiaJs  svitaUe  lor  covering 
pitched  roofs  are  slate,  bumt-day  tiles»  metal  tales  or  ahiagies,  woodea  diiagies, 
corrugated  iron,  tin  with  standing  seams,  standing-eeam  steel  roofiag  and 
various  kinds  of  ready  roofing.  The  least  slope  to  which  these  materials  may 
be  laid  without  danger  of  leaks,  the  weight  per  square  foot  of  roof  and  the  com- 
parative cost  are  indicated  in  Table  I .  The  cost,  however,  can  only  be  considered 
as  approximate,  as  it  varies  for  different  materials,  localities  and  the  scales  of 
wages. 

IkUe  I.    Coveiiag  Katetials  for  Pitched  Roofk 


Material 


Slates,  black 

Slates .  green 

Slates,  red 

Burnt-clay  tiles,  interlocking  pattern . 

Tin  shingles,  painted 

Gfllvanized-irott  tile,  painted 

Cedar  shingles,  stained  or  pointed. . . 

Corrugated  iron,  painted 

Staadia8«eam  steel  roofiag,  paiated. 
Ready  reofing 


Least  rise 

Comparative 

ofcafter 

cost  per 

aula 

square 

8 

l7.ooto$ij.oo 

8 

7ooto    lo.oo 

8 

13.00  to     17 -OO 

7 

iS-ooto   as.oo 

6 

S.ooto    lO.OO 

6 

taooto    15. OO 

6 

3-8oto     7.'ao 

3 

4.ooto     4.9D 

> 

S.<ODto     4. so 

I 

3.5Dto     4.50 

Roofing  Materials  for  Plat  Roofs.  Flat  roofs  or  roofs  having  a  fall  q| 
from  Vi  to  %  in  to  the  foot  are  usually  covered  with  tar  and  gravel,  asphalt, 
ready  roofing,  or  tin  with  lock-and-solder  joints.  A  good  tin  roof  oosts  about 
I8.00  a  square,  not  including  Die  painting.  Tlie  other  lands  vary  from  $3.50 
to  $4.50  a  square. 

Manner  of  Supporting  the  Roof  from  the  Trusses.  Wooden  roofs,  sup- 
ported by  wooden  trasses,  require  common  or  jack-rafters  to  support  die  sheath- 
ing or  slate,  and  generally  purlins  to  support  the  rafters,  altfaonghln  some  cases  it 
may  be  more  economical  to  span  the  rafters  from  truss  to  truss  (Fig.  17,  Chapter 
XXVI) .  When  slates  or  burnt-day  tiles  are  used  on  steel  roofs,  tiiey  are  usoafly 
seemed  to  steel  angles,  running  parallel  with  the  waHs  and  spaced  from  S  to 
10%  in  apart,  as  may  be  necessary  to  accommodate  tbt  size  of  the  dates  or 
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tDes.  If  the  spui  is  not  mott  than  6  or  7  ft,  the  angles  may  be  fiastened  to  the 
traas-raften.  As  a  rule,  however,  when  slates  or  tiles  are  to  be  used,  it  is  cheaper 
to  s{iace  the  trusses  from  16  to  20  ft  apart,  and  to  use  purlins  and  jack-rafters  to 
■uppQct  the  amallor  angles.  Quite  often,  wooden  rafters  and  sheathing  are 
used  with  steel  trusses.  This  is  more  eoonomical,  but  of  oouise  increases  the 
fire-risk.  Unprotected  steel  is  little  if  any  better  than  wood.  If  corrugated 
iron  is  to  be  used  for  roofing,  the  most  economical  construction  for  steel  roofs  is 
to  space  the  trusses  from  x6  to  20  ft  apart,  and  to  use  light  I  beams  for  purlins, 
spaced  about  4%  ft  on  centers,  as  in  Fig.  62,  Chapter  XXVI,  the  corrugated 
iron  being  secured  to  the  purlina  by  straps.  If  wann  air  comes  in  contact  with 
the  underside  of  a  corrugated  roof,  either  the  roofing  should  be  laid  on  boards, 
or  some  kind  of  anticondensation  lining  should  be  provided,  as  otherwise  the 
moisture  in  the  air  will  condense  and  fall  on  the  floor  or  objects  below.  Flat 
roofs  always  require  rafters  and  sheathing,  or  fire-proof  filling  between  the 
rafters. 

Spadng  of  TrassM.  From  the  above  it  is  seen  that  the  economical  spacing 
of  the  trusses  depends  to  a  great  extent  upon  the  kind  of  roofing  that  is  used, 
and  abo  upon  the  span.  As  a  general  rule,  however,  the  most  economical 
spacing  is  about  as  follows: 

For  WOODEN  TRUSSES  under  8o-ft  span,  from  ii  to  16  ft  on  centers. 

For  WOODEN  TRUSSES  over  80-ft  span,  from  16  to  24  ft  on  centers. 

For  STEEL  TEtrssES  under  80-ft  span,  from  16  to  20  ft  on  centers. 

For  STEEL  TRtTSSES  over  80-ft  span,  from  20  to  40  ft  on  centers. 

The  SPAaNG  of  a  number  of  steel  trusses  of  wide  span  is  given  in  Chap- 
ter XXVI.  When  the  distance  between  the  trusses  exceeds  16  ft  for  wooden 
roofs  or  30  ft  for  sted  roofs,  it  is  generally  necessary  to  use  trussed  purlins. 
Having  decided  upon  the  kind  of  truss  to  be  used,  the  spacing  of  the  trusses  and 
the  rool-oonstruction,  a  section^rawing  of  the  roof  shouM  be  made,  showing 
an  elevation  of  the  truss,  the  points  at  which  the  purlins  are  to  be  supported, 
the  maimer  of  supporting  the  oeiiing,  if  there  is  one,  and  any  other  loads  that 
are  to  be  supported  by  the  trusses.  The  section  and  truss-drawing,  with  the 
tables  of  the  weights  of  roofing-materials,  will  furnish  the  necessary  data  for 
computing  the  loads  at  each  joint.  Until  the  stresses  have  been  determined, 
the  siies  of  the  members  computed,  and  the  joints  detailed,  an  exact  drawing 
of  the  truss  cannot,  of  course,  be  made;  but  in  order  to  compute  the  loads  and 
stresses,  it  is  necessary  to  know  the  positions  of  the  joints,  and  these  can  be 
indicated  with  sufficient  accuracy  before  the  exact  sizes  of  the  members  are 
detennuied.  Chapter  XXVI  ^ves  sufficient  information  regarding  the  various 
types  of  trusses  to  enable  one  to  dedde  upon  the  height  and  the  number  and 
urangement  of  the  struts  and  ties;  and  the  sizes  of  the  members  can  be  approx- 
imated for  the  preliminary  drawings. 

Roof  and  CeSlng-Area  Supported  at  Any  Joint.  Calculations  for  the 
stresses  in  a  truss  are  always  based  on  the  assumption  that  the  loads  are  trans- 
ferred to  the  joints,  and  that  the  members  are  free  to  move  at  the  joints  as  if 
hinged,  although  the  actual  joints  may  be  made  with  riveted  or  other  connec- 
tions. The  k>ads  at  the  joints  are,  of  course,  equal  to  the  reactions  of  the  pur- 
lins, or  of  the  tie-beams  or  principals,  if  these  receive  the  ceiling-joists  or  rafters. 
When  the  load  on  the  roof  or  ceiling  is  uniformly  distributed,  as  is  usually  the 
case,  the  simplest  method  of  computing  the  joint-loads  is  to  determine  the  roof 
or  cdling-area  contributory  to  the  joint,  and  to  multiply  this  area  by  the  weight  or 
load  per  square  foot.  The  area  contributory  to  any  joint  is  equal  to  the  product 
of  the  distance  measured  half-way  to  the  next  joint,  on  each  side,  by  the  dis- 
tance measured  haH-way  to  the  next  truss  or  wall,  on  each  ^de.    Thus  if  Fig.  1 
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represents  truss  x,  of  Fig.  2,  the  roof-area  contributory  to  joint  3  ia^  in  sqnare  feet, 

^  X  a.    For  truss  2,  the  area  supported  by  the  same  joint  is  X  c; 

7  * 

or,  if  we  let  D  represent  the  length  in  feet  of  roof  or  cdting  supported  at  each 
joint,  the  area  in  square  feet  supported  by  joint  a  is  a  X  A  <uid  the  area,  snp- 


F!g.  1.    King-rod  Truss 


^ 


'.nmummimmimmmmi. 


-t- 


5 


4= 


ported  by  joint  3  is  2  5  X  I>.  In  the  same  way,  the  ceiling-area  supported  at 
joint  6  is  c  X  A  the  arrow-heads  being  half-way  between  the  joints.  It  makes 
no  materia]  difference  in  the  joint-loads  whether  the  common  rafters  are  sup- 
ported on  purlins  or  whether  they  rest  on  the  top  chord  of  the  tniss»  piovidcd 

the  purlins  come  at  or  close  to  the  joints 
and  the  load  is  uniformly  distributed. 
Thus  the  width  of  the  cdling  contrib- 
utory to  joint  7  (Fig.  3)  is  equal  to  c, 
just  the  same  as  in  Fig.  1.  The  arxange- 
ment  in  Fig.  1  produces  croas-bending 
stresses  in  the  tie-beam,  while  that  in 
Fig.  3  does  not.  When  the  trusses  are 
spaced  a  uniform  distance  apart,  D,  Fig. 
2,  is,  of  course,  equal  to  the  distance 
between  centers  of  trusses.  When  the 
trusses  are  not  spaced  uniformly,  D  is 
equal  to  one-half  the  distance  from  the 
center  of  the  truss  on  the  left  to  the 
center  of  the  truss  on  the  right.  When  a 
purlin  is  more  than  12  in  from  a  joint,  or 
the  roof-area  is  not  symmetrical,  as  is 
often  the  case  at  hips  and  valleys,  the 
joint-load  is  determined  by  the  principle 
of  the  REACTION  OF  BEAMS,  as  explained  in 
Chapter  DC.  Examples  showing  the  computation  of  joint-loads  are  given  a 
little  farther  on. 

Roof-Load  per  Square  Foot.  By  the  term  roof-load  is  meant  the  weight  of 
the  materials  composing  the  roof,  trusses  and  purlins,  an  ample  allowance  for 
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FSg.2.    Plan  of  Wan  and  Trusses 
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SDow  and  also  an  allowance  for  wind-pressure.  The  weight  of  the  materials 
is  caikd  the  dead  load.  Snow  is  generally  considered  a  live  load,  acting 
vertically.  The  pressure  due  to  the  wind  is  always  assumed  to  act  normal  to, 
or  at  right-an^es  to,  the  surface  of  the  roof;  but  for  trusses  of  less  than  loo-ft 


u'o.o. 


r«.  3.    Queen  Thus.    (See,  alao.  Figs.  12,  53  and  64  and  Chapter  XXVm.  Fig.  1) 

span  it  is  usually  combined  with  the  dead  load,  wind-load  and  snow-load  and 
treated  as  one  vertical  load. 

Data  for  Computiiig  Dead  Loads.    The  dead  load  of  any  roof  may  be 
estimated  with  sufficient  accuracy  from  the  followmg  data: 


TaUe  n.    Weights  per  Square  Foot  of  Roof-Surface 


Shini^,  common,  3^^  lb;  i8  in.  3  lb 

Slates,  fie  in  thick.  t\\  lb;  V4  in  thick.  9.6  lb  (the  common  thickness  is  ^e  in  for 
sixes  tip  to  10  by  20  in) 

Plain  tiles  or  clay  shingles,  xi  to  14  lb 

Roman  tiles,  old  style,  two  parts,  la  lb;  new  style,  one  part,  8  lb 

Spanish  tiles,  old  style,  two  parts.  19  lb;  new  style,  one  part,  8  lb 

Improved  Oriental  tiles,  xx  lb 

Lndowici  tiles,  8  lb 

For  tiles  laid  in  mortar  add  lo  lb  per  sq  ft 

Copper  roofing,  sheets,  iH  lb;  tiles.  1%  lb 

Tin  roofing,  sheets  or  shingles,  inclnding  one  thickness  of  felt,  i  lb 

Corrugated  iron,  painted  or  galvanized.  No.  a6,  i  lb;  No.  24,  x.3  lb;  No.  32,  x.6  lb; 
No.  ao,  X.9  lb;  No.  18,  3.6  lb;  and  No.  16, 3*3  lb 

Standing-seam  steel  roofing,  i  lb 

Pive-ply  felt  and  gravel  roof,  6  lb 

Ponr-ply  felt  and  gravel  nx>f,  sV^  lb 

Three-ply  ready  roofing  (etaterite.  mbberoid.  asphalt,  etc.),  from  0.6  to  i  lb 

Skylights  with  galvanized-ixon  frame.  H-tn  glass,  4Vi  lb;   ^o-in,  5  lb;  %-in,  6  lb 

Sheathing,  x  in  thick,  3  lb  per  sq  ft  for  white  pine,  spruce,  or  hemlock;  4  lb  for  yel- 
low or  pitch  pine 
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Tabto  m.    Wtiflits  of  lUfttrs  per  SqiMn  Foot  ol  Rool-SwfKO 


Sice  of 

rafter  in 
inches 

Spnioe.  hemlock,  whito  piae. 
to  center 

Hardpiae.    Spadnf  in  iaches. 
ceatertooeatar 

i6 

20 

24 

i6 

ao 

24 

2X4 
2X6 
2X7 
2X8 

2X10 

.lb 
1% 

2% 

3 

3% 

lb 

1.2 

1.8 

2.1 
2.4 
3 

lb 

I 

1% 
2 

lb 
3H 

lb 
1.6 

2.4 
2.8 

3.2 

4 

lb 

z% 

a 

2% 

2% 

Wooden  purlins  weigh  about  a  lb  per  sq  ft  ol  roof -surface  when  the  span  Is  between 
la  and  i6  ft. 

For  steel  roofs  the  sizes  and  weights  of  the  purlins  and  taStcra  should  be  computed  for 
each  particular  case. 

Weight  of  TruM.  To  the  weight  of  the  roof-construction  proper  should 
be  added  an  allowance  for  the  weight  of  the  truss.  If  trusses  could  be  built 
in  exact  accordance  with  the  theoretical  requirementa  their  weight  would  be 
directly  proportional  to  the  roof-load  and  span;  but  as  there  is  always  some 
extra  material,  it  is  impossible  to  determine  the  weight  of  the  truss  exactly  until 
it  is  completely  designed.  Several  tables  for  the  weights  of  wooden  trusses 
and  formulas  for  steel  trusses  have  been  published,  but  hardly  any  two  of  them 
are  alike.    Thi  following  are  some  of  the  fonnulas  in  use: 


For  Wooden  Trnaaes 


W  -  0.04  L  -I-  0.000167  /*■ 

W  -  0.05  -f-  0.07s  I' 
W  "  0.75  4-  0.075  ^ 


r 


C.  Ridcer,  for  trasses  Hke  Fljss.  4 
and  5,  Chapter  XXVI. 
H.  S.  Jacoby. 
Mansfield  Merximan. 


For  Steel  Trsfsaea 


^.0.6  +  0.06!  for  heavy  load.  [  c.  E.  Fowler,  for  Fink 
IT  -  0.4  +  0.04  L,  for  light  loads     )  ' 

JF-P/45(i  +  HV^  j^l^' 

W  "0.051+ 12 /A 


Ketchum,  for  steel  mill-build^ 
trusaes. 
H.  CiyrroU. 

In  the  above  formulas,  W  -  weight  of  trass  in  pounds  per  square  foot  of  hori- 
zontal projection  of  the  roof  supported,  L  «  span  in  feet,  A  «  distance  between 
trusses,  and  P  -  capadty  of  truss  in  pounds  per  square  foot  of  horizontal  pro- 
jection. 

Tables  IV  and  V,  compiled  from  a  comparison  of  other  tables  and  formulas, 
and  from  the  weights  of  actual  trusses,  are  sufficiently  accurate  for  the  purpose 
of  determining  stresses.  The  weights  given  are  probably  slightly  in  excess  of 
the  actual  weights  of  average  trusses,  as  It  is  preferable  to  have  the  error,  if  any, 
on  the  safe  side.  It  shouM  be  noted  that  the  weights  are  for  each  square  foot 
of  roof-surface,  and  not  for  the  horizontal  area.  Table  VI  gives  tlie  actual 
weights  of  a  number  of  lai^e  steel  roofs. 
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Tabto  IT.    W«li|iti  of  WooAmi  tnmtm  f«r  S^mn  F*ot  of  ftoof-Sorlice* 


Hintch 


^  pitch 


%  pitch 


Plat 


ft 
Up  to  2^, 

36  to  so. 

SO  to  60. 

60  to  70- 

70  to  80. 

Soto  90. 

9otoxoo, 
100  to  XIO, 
XX0toI20, 


3 

3% 
3% 
3% 
4% 
S 

6H 


3H 

4 

4% 

S 

6 

6^ 

7Vfc 

8% 


lb 

3% 

:s 

sH 

6% 
7 

a 
9 


lb 

4 

4V^ 

4% 

SU 

6 

7 

ft 

xo 


Table  V.    Weights  o(  Steel  Ttomob  per  Square  Foot  of  Roof-Surface 


Span 


%  fitch 


%  pitch 


U  pitch 


Ptat 


ft 
Up  to  40. 
40  to  so. 

SDtO    60. 

6oto  70. 
70  to  80. 
Sotoxoo. 
100  to  lao. 

xaotox4o, 


lb 
S.as 
5.7s 
6.7S 
7.2s 
7  75 
8.5 
9S 
10. o 


lb 
6.3 
6.6 
8.0 
8.5 
90 
xo.o 
xx.o 
XX.6 


lb 
6.8 
7. a 
8.6 
9. a 
9  7 
X0.8 
xa.o 
ia.6 


lb 
7.6 
8.0 
9.6 

TO.  2 

X0.8 
la.o 

X3.2 

14  o 


Table  VI.    Weights  and 
Tmasea,  Purliao 


Sfadag  of  Some  Steel  Roofs  of  Wide 
and  Bfucas.  bat  aol  Roof-Ceferiof  or 


NameofbuUding 

Type  of 
truss 

Span 

ft 

Spadag, 
center  to 

center  of 

trusses, 
ft 

Weight 
peraqft 

sloping 
surface, 

lb 

Weight 
of  one 
truss, 
tons 

Armory.  Pawtnckot.  R.  I.. . 

Armory.  Portlaad.  Me 

Phoenix    Hall,    Brockton. 
Maff                

Pig.7St 

82 
92 

96 

xoo 

104 
118 

lao 

132 

176 

196 

24 

24 

24 

as 

24% 

aa-as 

30 

24% 

35 

8.7 
9.7 

8.6 

8.0 

Xt.8 
9-5 

X2.4 

6.7 
9 

xo 
8.5 
XI.5 

X2.5 

21 

Armory,    Northampton, 

Uam , 

Palace     Risk.     Hartford, 
Conn.            

Ea.  Hall.  Providence.  R.  I.. 
Cleveland.  Ohio,  Armory.. 

Armory,  Boston.  Mass 

Armory,  22d  Regt..  N.  Y. . . 
Armory.  Brooklya.  N.  Y.... 

*  For  scissors  trusses,  increase 
t  ChapttfXXVL 


one-third. 
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The  daU  for  the  first  seven  buildings  in  Table  VI  were  compiled  by  H.  G. 
Tyrrell,  who  states  that  all  of  the  seven  roofs  were  proportioned  for  slate 
and  plank  roofing  resting  on  wide  rafters  2  ft  apart,  supported  by  steel  purlins 
about  xo  ft  apart.  The  spans  given  are  measured  from  center  to  center  of  side 
bearings.  Stresses  were  computed  for  a  dead  load  of  25  lb  per  sq  ft,  a  snow-load 
of  xo  lb  per  sq  ft  of  sloping  surface,  and  a  horizontal  wind-load  of  40  lb  per  sq  ft  or 
a  28-lb-per-sq-ft  normal  pressure.  Data  for  computing  the  weights  of  floors  and 
floor-loads  supported  by  trusses,  and  for  fire-proof  construction,  may  be  found  in 
Chapters  XXI  and  XXIII. 

Snow-Loads.  As  a  basis  for  making  an  allowance  for  snow,  Table  VU  is 
perhaps  as  good  a  guide  as  any  that  can  be  given.  When  snow-guards  are 
pUced  on  a  roof,  the  same  albwance  is  made  for  a  half-pitch  as  for  a  one-third 
pitch. 

Table  Vn.    AUowabce  tot  Snow  in  Pounds  per  Square  Foot  of  Roof-Surface 


Pitch  of  roof 


% 


Vi 


% 


Horl 


Southern  states  and  Pacific  slope 

Central  states 

Rocky  Mountain  states 

New  Bnitland  states 

Northwest  states 


•  t 
o-  o 
o-  5 

0-16 

O-IO 

o-ia 


•  t 
o-  s 
7-10 
lo-is 
10-15 
X2-18 


•  t 
o-S 
iS-20 
ao-as 
ao-25 
25-30 


5 

10 

35 

40 
45 


CdumDs'  beaded  by  an  asterisk  (*)  are  for  slate,  tile,  or  metal;  those  headed  1^  a 
dagger  (t)  are  for  shingles. 

Wind-PreMore.*  For  roofs  having  a  pitch  of  5  in  or  more  to  the  foot,  an 
allowance  must  be  made  for  wind-pressure.  For  trusses  of  the  Fink,  van,  king, 
or  QUEEN  TYPES,  the  usual  practice  is  to  include  the  wind-pxessure  with  the 
vertical  k>ads,  and  to  make  a  single  allowanoe  for  both  wind  and  snow,  as  during 
a  gale  snow  is  not  likely  to  stay  on  a  steep  roof.  When  the  wind-pressure  is 
added  to  the  vertical  loads,  the  allowance  for  wind  and  snow  combined  should 
not  be  less  than  indicated  in  Table  VIH. 


TaUe  Vm.    AOowaace  for  Wind  and  Snow  Combhied  hi  Pooads  per 
Square  Foot  of  Roof-Surface 


Location 

Pitch  of  roof 

6o- 

45- 

Vfc 

30 
25 

u 

H 

Northwest  states 

30 
30 
30 
30 
30 

30 
30 
30 

as 
25 
25 

25 

25 

37 

45 

40 
35 
30 
ao 

New  England  states 

Rocky  Mountain  states 

Central  states 

25                27 

25     I     » 

Southern  and  Pacific  states. . 

25 

.2 

No  roof-truss  should  be  proportioned  for  a  total  load  of  less  than  40  lb  per  sq  ff 
of  roof-surface  except  flat  roofs  in  warm  climates.  For  trusses  having  spans 
exceeding  100  ft  (except  trusses  for  fiat  roofs)  and  for  trusses  in  which  a  partial 

*  (See,  also,  pages  xjoS  and  1657') 
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load  may  produce  maximum  stresses,  or  call  for  countsrbsacing,  as  is  the  case 
in  QUADKZLATERAL  TRUSSES,  and  trusscs  with  CURVED  CHORDS,  the  stresses  for  all 
the  different  loadings  should  be  found  separately  and  each  member  of  the  truss 
proportioned  for  the  maximum  stress  to  which  it  may  be  subject  under  any 
possible  combination  of  loads.  For  determining  the  stresses  due  to  wind-pres- 
sure alone  the  force  of  the  wind  is  usually  assumed  to  act  in  a  direction  normal, 
that  is,  at  right-angles,  to  the  slope  of  the  roof.  This  force  is  commonly  based  on 
a  horizontal  wind,  producing  a  pressure  of  30  lb  against  a  vertical  surface.  This 
corresponds  to  a  wind-velodty  of  nearly  100  miles  per  hour.  According  to 
Marvin's  formula, 

P  -  0.0032  K« 

where  P  -  the  pressure  in  lb  per  sq  ft  against  a  surface  normal  to  the  direction 
of  the  wind  and  V  -  the  velocity  in  miles  per  hour.  For  P  -  30  lb,  F"  «=  96^ 
miles.  The  normal  pressure  per  square  foot  of  roof-surface  corresponding  to 
pressures  of  20  and  30  lb  per  sq  ft  against  a  vertical  surface  is  given  in  Table  IX. 


Table  IZ.    Wind-Loada  hi  Pouqjila  per  Square  Foot  el  Roof-Snff ace 


Isdioatioa  of  rxxif 


5* 

10* 

IS* 

2X*48'-%-fiitch.. 
26*34'*V4~Pi^<^h.. 
»o* 

as'ii'-H-p'tch;.' 
4o- 

45* o'-H  pitch... 
60*  and  above.*... 


Normal  pressure  P„. 
pounds  per  square  foot 


P-3olb 


10. 1 

14.6 
19.8 
22.4 

24.0 
25.5' 
26.7 
28.3 
30  o 


P-20lb 


3-4 
6.7 

9.7 
13. 1 
MO 
16.0 
17.0 
17.8 
18.9 
20.0 


The  values  in  Table  DC  are  based  on  Duchemin'^s  foxinula. 


Pn-'P 


2  sin  9 
i-|-sin«^ 


in  which  P  is  the  pressure  per  square  foot  on  a  vertical  surface,  P»  the  normal 
component  of  pressure  and  9  the  angle  of  inclination  of  the  roof  with  the  hori- 
zontal. The  wind  not  only  produces  a  pressure  upon  the  windward  side  of  the 
nwf  but  a  suction  upon  the  leeward  side;  therefore  all  roof-covering  should  be 
securely  fastened,  all  joints  in  the  trusses  so  constructed  that  they  will  resist 
tension  and  compression,  and  the  trusses  themselves  securely  anchored  to  the 
supports. 

VariationB  in  Loading  for  which  Streaset  shonld  be  Fotmd.  To  deter- 
mine the  maximum  stresses  under  any  possible  condition  of  loading,  stresses 
should  be  foimd  for  the  following  cases: 

(i)  Stresses  due  to  permanent  dead  loads, 

(2)  Snow  covering  only  one  side  of  roof, 

(3)  Snow  covering  entire  roof, 

(4)  Wind  on  side  of  truss  nearer  the  expansion-end, 

(5)  Wind  on  side  of  truss  nearer  the  fixed  end. 
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It  is  geneiaUy  aaromed  that  the  maTimuin  wind-pressure  axid  the  snow-load 
cannot  act  on  the  same  half  of  the  truss  at  the  same  time;  hence  the  combina- 
tions for  maximum  stress  will  be  either  cases  i  and  3  or  cases  i,  2,  and  4  <v  5. 
If  the  trusses  are  supported  on  iron  columns  instead  of  on  walls  the  wind-force 
is  transferred  to  the  foundations  through  the  colunms,  producing  a  bending 
moment  in  the  columns.  The  stresses  in  the  columns^  trusses  and  knee-braces 
should  therefore  be  determined  for  the  wind-pieasures  against  the  side  of  the 
building  and  roof.  These  pressures  are  obtained  by  multiplying  the  area  of 
the  vertical  Surfaces  by  the  fxill  pressure  per  square  foot  and  the  area  of  the 
roof  by  the  normal  component,  given  in  Table  IX. 

Kansas  City  Auditorium.  For  the  trusses  supporting  the  roof  of  the  Kan- 
sas City  Auditorium  (Fig.  66,  Chapter  XXVI)  stresses  were  computed  for  the 
following  conditions:  First,  full  dead  and  live  load  on  both  galleries  and  the 
roof-garden,  and  wind-pressure  due  to  a  velocity  of  45  miles  an  hour;  second, 
full  dead  load,  snow-load,  and  gallery  live  load,  wind-pressure  xo  lb  and  no 
load  on  roof-garden  floor,'  third,  full  dead  load  and  50  lb  wind-pressure;  fourth, 
full  dead  load  and  wind-pressure  at  45  miles  an  hour,  and  full  live  loads  on 
gallery  and  roof-garden  on  one  side  only.  Snow-loads  throughout  were  taken 
at  one-third  of  the  dead  load.  Examples  showing  manner  of  combining  the 
stresses  due  to  different  conditions  of  loading  are  given  on  pages  z  x  14  and  i  laj-S. 

2.  Sxamples  of  ths  Computatioii  of  Roof -Loads* 

King-Rod  Truss.  Bxample  x.  The  first  example  considers  the  roof  and 
truss  shown  in  Fig.  1,  page  104S,  which  it  is  assumed  represents  truss  2  of  Fig.  2. 
It  is  assumed  that  the  timber  is  to  be  common  white  pine  and  that  the  roof  is 
to  be  covered  with  He-in  slate  of  medium  size  on  %-in  sheathing.  The  ceiling 
is  to  consist  of  lath  and  plaster.  The  dead  load  of  roof  and  truss  per  square 
foot  of  roof-surface  is  made  up  asfollows: 

lb  per  sq  ft 

For  slate 7% 

For  sheathing 3 

For  rafters 3 

For  purlins 2 

For  truss 3 

Total 18%" 

For  wind  and  snow-load  combined  there  should  be  allowed  about  28  lb  (the 
pitch  being  about  4O,  whidi  makes  a  total  roof-load  of  46H  lb.  Xo  avoid 
fractions,  however,  the  load  is  assumed  to  be  48  lb  per  sq  ft.  As  the  distance 
to  truss  I,  Fig.  2,  is  14  ft  and  to  truss  3,  x a  ft,  the  length  of  roof  supported  by 
the  truss  is  13  ft.  The  roof-area  supported  by  the  purlins  at  joint  a  is  equal  to 
the  distance  a  multiplied  by  13  ft;  and  a  is  one-half  the  distance  from  the  wall- 
plate  to  the  ridge-purlin,  or  aa  ft  8  in  divided  by  a,  or  xi  ft  4  in,  or  iiH  ft. 
Hence  the  roof-area  supported  at  joint  2  is  11  V&  by  13  ft,  or  147H  sq  ft.  The 
roof-area  supported  by  tbe  purlins  at  joint  3  is  a  &  by  13  ft,  or  xa)i  by  X3  ft,  or 
x6oH  sq  ft.  Multiplying  the  roof-areas  by  the  load  per  square  foot,  48  lb,  there 
results  7  072  lb  for  the  load  at  joint  2;  and  7  696  lb  for  the  load  at  joint  3.  The 
load  at  joint  4  is  equal  to  that  at  2,  as  the  truss  is  symmetrical.  The  ceiling- 
loads  at  joints  6  and  7  are  computed  next.  The  ceiling-area  supported  at  joint 
6  is  c  X  13  ft,  or  8%  by  13  ft,  or  107%  sq  ft.  The  area  supported  at  joint  7  ia  8% 
by  13  ft,  or  114%  sq  ft.    The  actual  weight  of  the  ceiling  per  square  foot  is 

*  In  the  following  five  ezampieB  all  loads  an  consdered  as  actmg  vertfcaUy. 
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3  lb  Cor  the  joistB  and  to  lb  for  the  lath  and  piaster;  bat  where  there  ia  a  large 
attic-space  liable  to  be  used  for  storage  it  is  well  to  make  a  small  allowance, 
say  5  U)  per  sq  ft,  for  any  extra  attic-load.  Therefore,  i8  lb  per  sq  ft  is 
allowed  for  the  weight  of  the  ceiling,  which  makes  the  weight  at  joints  6  and 
S,  107 )4  sq  ft  by  18  lb  per  sq  ft,  or  i  930  lb;  and  the  weight  at  joint  7,  114%  sq 
ft  by  18  lb  per  sq  f t,  or  2  067  lb.  As  soon  as  computed,  the  roof  and  ceiling- 
k>ads  should  be  marked  on  a  truss-diagram,  as  in  Fig.  10.  The  roof  and  ceiling- 
loads  at  joint  z  are  transmitted  directly  to  the  wall  and  need  not  be  taken  into 
account  in  determining  the  stresses  in  the  truss. 

Queen  Tium.  Example  a.  It  is  required  to  compute  the  joint-loads  for 
the  truss  shown  in  Fig.  3,  page  X049.  All  timber  is  to  be  of  spruce  and  the  roof 
b  to  be  covered  with  shingles  on  i-in  sheathing.  The  ceiling  is  to  be  of  lath 
and  plaster.    The  dead  load  is: 

lb  per  sq  ft 

Weight  of  shingles 2H 

Weight  of  sheathing 3 

Weight  of  rafters 2% 

Weight  of  purlins 2 

Weight  of  truss. .  * 3 

'         Total  dead  load  per  sq  ft 12% 

Allowance  for  wind  and  «iow 30 

Total  loof-load  in  pounds  per  square  foot 42% 

For  the  weight  of  the  ceiling  it  is  well,  for  a  truss  of  thi^  kind,  to  allow  at  least 
20  lb  per  sq  ft.  It  will  be  assumed  that  the  trusses  are  to  be  spaced  uniformly 
IS  ft  on  ten  ten.  Then  the  roof -area  supported  at  joint  2  is  9%  by  15  ft,  or 
147 V^  sq  ft,  and  the  load  at  thid  joint  is  6  306  lb.  The  purlin  at  joint  3  supports 
the  roof,  from  a  point  midway  to  joint  2,  to  the  ridge,  or  6  »  4  ft  x  x  in  +  8  ft  5  in, 
or  13  ft  4  in.  The  roof-area  supported  at  this  joint  is  13^^  by  15  ft,  or  200  sq 
ft,  and  the  load  is  8  550  lb.  The  loads  at  joints  4  and  5  are  equal  respectively 
to  those  at  3  and  2.  For  the  ceiUng-Ioads  at  joints  7  and  8  there  is  an  area  to  be 
supported  equal  to  12%  by  15  ft,  or  182 V^  sq  ft,  which,  multiplied  by  20,  gives 
3  650  lb.      • 

Scissors  Truss.  Bxample  3.  For  this  example  the  church-roof  shown  in 
section  in  Fig.  4  is  considered.  In  this  roof  the  trusses  take  the  place  of  the 
rafters  and  ceiling-beams,  the  sheathing  spanning  from  truss  to  truss  and  the 
Uths  for  the  ceiling  being  nailed  to  iVi  by  2H-in  furring  strips,  spaced  12  or  z 6  in 
on  centers.  Assiuning  that  the  parts  of  the  trusses  have  the  dimensions  indi- 
cated in  the  figure,  and  that  the  wood  is  white  pine,  the  actual  weight  of  one 
truss  b  about  z  200  lb.  The  roof-area  supported  by  one  truss  is  X70  sq  ft,  and 
hence  the  weight  of  the  trusses  is  about  7  lb  per  sq  ft  of  roof-surface.  This 
weight  is  more  than  twice  that  given  in  Table  IV,  owing  principally  to  the  dose 
sparing  of  the  trusses  and  also  to  the  small  dimensions  ol  their  members.  The 
weight  of  the  sheathing  and  shingles  is  about  5H  lb  and  30  lb  is  allowed  for  wind- 
pressure.  The  roof  is  too  steep  for  snow  to  lodge  on  it.  This  gives  a  total  roof- 
load  of  42 V&  lb  per  sq  ft  of  sloping  surface.  For  the  weight  of  the  ceiling  X2  lb 
per  aq  ft  is  ample,  as  no  load  other  than  its  own  weight  is  likely  to  come  upon  it. 
The  roof-area  supported  at  joint  2  is  to%  by  2^  ft,  or  27  sq  ft.  The  area  sup- 
ported at  joints  4  and  5  is  equal  to  isVi  by  2%  ft,  or  31  sq  ft  for  each.  The 
ceiiing-aiea  supported  at  joint  3  is  14%  by  aV^  ft,  or  ssVk  sq  ft.  Multiplsring 
each  joint-area  by  the  corresponding  loads  per  square  foot,  there  results  i  X48  lb 
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for  the  load  at  joint  2,  i  318  lb  for  each  load  at  joints  4  and  5,  and  436  lb  for 
the  load  at  joint  3. 

Truss  over  Car-Barn.  Exunple  4.  In  this  example  the  roof  is  of  oomi- 
gated  iron,  supported  by  a  steel  truss  of  the  shape  shown  in  Fig.  65,  Chapter 
XXVI.  This  truss  supports  nothing  but  the  corrugated  iron,  the  purlins  and 
the  pressure  due  to  wind  and  snow,  the  use  of  the  building  not  requiring  the 
suspendmg  of  any  load  from  the  trusses.  In  figuring  the  dead  loads  for  such 
a  roof,  the  sizes  of  the  purlins  and  the  gauge  of  the  iron  should  first  be  definitely 


Fig.  4.    Scissors  Truss.     (See,  also.  Fig.  24  and  Chapter  XXVUI,  Fig.  2) 

fixed,  so  that  the  weight  per  square  foot  of  roof  may  be  accurately  determined. 
In  this  instance  the  purlins  are  5 -in  I  beams  spac^  4  ft  9  in  on  centers,  and 
weighing  10  lb  per  linear  foot.  The  weight  of  the  purlins  per  square  foot  of 
roof  is  therefore  equal  to  10  lb  divided  by  4^^,  or  2.1  lb.  For  a  span  of  4  ft  9  in 
the  corrugated  iron  should  be  No.  18  gauge  (see  Corrugated  Iron,  Part  III,  page 
1515)  weighing  2  lb  per  sq  ft.  For  the  weight  of  the  truss  and  bradng  the  weight 
taken  is  that  given  in  Table  V  for  a  span  of  100  ft  and  %-pitch,  10.8  lb.*  TTiis 
gives  a  total  dead  load  of  14.9  lb  per  sq  ft  of  sloping  surface. 

For  wind  and  snow  we  should  allow  22  lb  per  sq  ft  if  the  building  is  situated 
in  the  Central  states,  making  the  total  roof -load  36.9  lb  per  sq  ft.  It  is  quite 
generally  recommended,  however,  that  no  roof  should  be  designed  for  a  load 
less,  all  told,  than  40  lb  per  sq  ft;  the  joint-loads,  therefore,  should  be  computed 
on  that  basis.  The  only  loaded  joints  in  this  truss  are  those  under  the  purlins. 
The  trusses  are  spaced  19  ft  2%  in  and  the  purlins  4  ft  9  in  on  centers,  the  roof- 
area  supported  at  each  upper  joint  being  91  sq  ft.  The  joint-loads,  therefore, 
should  be  figured  at  3  640  lb.    Even  for  the  locality  in  which  it  was  built,  thb 

*  The  actual  weight  of  this  truss  and  bracing  was  4  lb  per  sq  ft  of  sloping  surface, 
which  is  remarkably  small. 
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.  Is  t  very  light  roof;  and  it  would  hardly  be  considered  safe  for  states  further 
Dorth  or  west. 

TniM  for  Flat  'Roof.  Example  s-  This  truss  is  for  a  flat  roof  (Fig.  5). 
Tbe  timber  is  of  spruce  and  there  is  a  five-ply  gravel  roof  and  a  plastered  ceiling. 
For  the  dead  load  we  have, 

lb  per  sq  ft 

Weight  of  roofing 6 

Weight  of  sheathing 3 

Weight  of  rafters 2% 

Weight  of  purlins a 

Weight  of  truss,  about 4% 

Total  dead  load  in  pounds  per  square  foot x7% 

^^o  allowanoe  is  required  for  wind-pressure,  but  the  snow-load  is  a  large  per- 
centage of  the  total  load  in  any  of  the  Northom  states^  as  indicated  in  Table  VII. 


-»HB- -^  ^tx6'Rifcften 


Fig.  5.    Howe  Truss 


Assuming  that  the  buildtng  is  located  in  one  of  the  Central  states,  30  lb  per  sq 
ft  should  be  allowed  for  snow,  making  the  total  roof-load  47H  lb.  The  plaster 
ceiling  and  the  ceiling- joists  weigh  about  X2V&  lb  and  as  the  roof-space  is  not 
Hkely  to  be  used  for  storage,  13  lb  per  sq  ft  is  a  sufficient  allowance  for  the  ceil- 
mg.  Assuming  that  the  trusses  are  to  be  uniformly  spaced,  14  ft  on  centers, 
the  roof-area  supported  at  joint  2  is  9M  by  14  ft,  or  133  sq  ft,  and  the  area  sup- 
ported at  joint  4,  9%  by  14  ft,  or  135^^  sq  ft.  The  ceiling-area  supported  at 
joint  3  is  9^  by  14  ft,  or  130%  sq  ft  and  at  joint  5,  9  by  14  ft,  or  126  sq  ft.  Mul- 
tipl3ring  each  of  these  areas  by  the  corresponding  load  per  square  foot,  we  have 
6  317  lb  for  the  load  at  joint  2, 6  428  lb  at  joint  4,  i  699  lb  at  joint  3,  and  i  638  lb 
at  joint  5.  In  practice  it  is  hardly  worth  while  to  compute  the  stresses  closer 
thui  100  lb,  so  that  the  loads  may  as  well  be  put  down  at  an  even  50  or  zoo  lb 
above  the  loads  obtained  by  computation.  When  the  roof  is  supported  by 
purlins,  there  are  often  some  joints  of  the  truss  which  have  no  load.  Thus  for 
the  truss  shown  in  Fig.  16,  Chapter  XXVI,  there  are  no  loads  on  joints  2,  6  and 
ID.  The  roof-area  supported  at  joint  4  (Fig.  16)  is  equal  to  one-half  the  distance 
OB  multiplied  by  the  distance  halfway  to  the  truss  on  each  side.  If  the  lower 
chord  supports  ceiling-jobts,  there  is  a  load  at  each  of  the  joints  3,  5,  7,  9,  etc. 
Stbzss-diagrams  can  be  drawn  for  any  arrangement  of  loads,  the  important 
point  bdng  to  compute  the  loads  exactly  as  they  are  placed  on  the  truss. 

These  five  examples  illustrate  fairly  well  the  method  of  computing  the  loads 
on  different  types  of  trusses.  Other  spedal  cases  of  loading  should  be  com- 
puted on  the  same  principles. 
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S«  Ddtonnination  of  StrMteg  by  Compotfttioii 

Stresses.  To  determine  the  stresses,  a  diagram  of  •the  tkuss,  composed 
of  single  lines  representing  the  central  axial  or  median  lines  of  the  trusA-members, 
sbouM  first  be  carefully  drawn  to  a  scale  and  the  loads  at  the  different  joiBts 
indicated  by  arrows  and  numbers  as  in  Figs.  10  and  12.  If  the  center  ifaaes  of 
the  members,  as  they  are  actually  placed,  do  not  intersect  at  common  points, 
they  must  be  made  to  do  so  in  the  diagram,  as  the  stresses  can  be  cohpuied  only 
on  the  assumption  that  the  center  lines  of  all  members  meeting  at  any  joint 
intersect  at  a  conmion  point.  In  wooden  trusses  it  is  not  always  practioble  to 
place  the  members  so  that  their  center  lines  meet  in  a  common  point  at  each 
joint;  but  this  condition  should  obtain  as  nearly  as  i)iractlcable,  and  in  sted 
trusses  the  joint-connections  should  be  made  so  that  the  lines  passing  through 
the  centers  of  gravity  of  the  aeoss-aectiona  of  the  nkembets  meeting  at  a  joint 
intersect  in  the  same  point. 

Table  Z.    CoeOcieiits  for  DeterminhK  tiie  Stresses  ia 
Fan  Trusses 
WHEN  PANEL-LOADS   ASE   ALL  EQUAL 


Simple  Fink  TriM  Simple  Fan  Tnm 

To  find  the  stress  ia  any  member,  multiply  its  factor  by  the  pand-load,  P 
SIMPLE  mm  TttUfiS 


Member 


Kind  of  atieM 


i/h^3 


//A-3.464 
-3o* 


//*-4 


l/A-5 


A, 
B. 
D 
F. 
G. 
K 

A, 
B. 
C. 
D. 
E. 
P. 
G. 
K. 


Compression 
Teaidon 


a. 70 
2.1s 
0.83 
3.25 
ISO 
0.75 


3.00 
a. 50 
0.87 
2.60 
1.73 
0.87 


3.35 
2.91 
o.«9 
3.00 
a.oo 
x.oo 


404 
3.67 
0.93 
3-7S 
2.50 
i.as 


SIMPLE  PAN  ntTSS 


CompreMioa 


Tension 


4.51 
3.54 
3.40 
0.93 
0.93 
3. 75 
2.25 
1.50 


5.00 
4.00 
4.00 
1. 00 
1. 00 
4.33 
2.60 
1.73 


5.59 
455 

4.70 

1.08 
X.06 
5.00 
3.00 
1.00 


yUOOg 


6.73 

s.» 

S.9» 

Z.21 
x.at 

375 
a. SO 
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C4MHpt>fim  of  StTMCM.    As  a  gsMnd  rule,  the  fltnam  in  a  reof-tmn  can 

be  determined  much  more  readUy  by  the  ovafhic  method  than  by  mathemah- 
CAL  COMPUTATIONS  and  with  as  dose  a  degree  of  accuracy  as  is  necessary.  There 
are  a  few  forms  of  trusses,  however,  for  which  the  stresses  can  be  more  easily 
determined  by  computation.  Such  trusses  must  be  ^mmetrical  in  shape 
and  the  joint-loads  all  alike,  as  is  quite  frequently  the  case  with  simple  steel  roofs 
having  no  ceiling-load. 

Tables  X  to  XIII  give  constants  by  which  the  stresses  in  Fmk  and  fan 
trusses  may  be  readily  computed  simper  by  multiplying  the  constant  by  the 
panel  or  joint-load.  These  tables  app^,  however,  only  when  the  rafter  is 
divided  by  the  stmts  uito  equal  spaces,  giving  equal  panel-loads.  For  any 
other  cxmditioQs  the  stresses  should  be  deteimined  by  the  okaphic  meihod. 


Table  XL 


for  DetermJaing  the  Streases  ia  an  Bight-Panel 
Fink  Trtisa 

WHEM  PAMEXrLQADS  AKK   AIX  EQUAL 


-~w 


Rj-WP 

Eight-pand  Fink  Truss 
To  fiad  the  atms  in  any  member,  multiply  ito  factor  by  the  paaeUoad,  P 


Kind  of  otress 


//A-3 


f/*-3.464 
-30* 


//*-4 


//A-S 


A 

B 

C 

D 

E 

F 

G 

/ 

K 

L 

M 

ff 

O 

F 


Cotaprenion 


Teosioa 


6.3X 
576 
sac 

4.6s 
0.83 
I  66 
0.83 
0.75 
0.7S 
1.50 
a.JS 
5. as 
4.90 

3.00 


7.00 
6.50 
6.00 
S.30 
0.87 
1.73 
0.87 
e.87 
0.87 
1.73 
a.6o 
6.00 
S.19 
3.46 


7.83 
7.3i 

6.93 
6.48 
0.89 
1.79 
o.»9 

X.OD 
1,00 
2.00 
3.00 
7.00 
6.00 
4.00 


9.4a 
9.0s 
8.68 
8.31 
0.93 
1.86 
0.93 
I. as 
1.2s 
a. 50 
3. 75 
8.7S 
7.S0 
5.00 
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Chap.  27 


Table  U.    CoeOdmitB  for  DeCMinliiiiig  tlie  StreiMs  in  Cambered  Wiak 
and  Fan  Tmsaes 

WH£N  PANEL-LOADS  ARE  ALL  EQUAL  AND  THE  CAMBER  EQUALS  OKE- 
SDCTH  THE  RISE 


5L1 


To  find  the  stress  in  any  member,  multiply  its  factor  by  the  panel-load*  P 


TRUSS  LIKE  nC  A 


Member 


Kind  of  stress 


//*-a 


i/A-3.464 
-30* 


//A-4 


«/*-S 


A 
B 
D 
F. 
G. 
K 


Compression 
Tension 


3.64 
3.09 
0.83 
3.07 
1.80 
1.43 


4- 13 
3.63 
0.87 
3.6a 
9.06 
1.69 


4.70 
4.2s 
0.89 
4.a4 
a. 40 
1.98 


S.78 
5.41 
0.93 
S.40 
3.00 
a.sa 


TRUSS  LIKE  FIG.  B 


A 
B. 

c. 

D 
E. 
F. 
G. 
K 


Compression 


Tension 


6.09 
4.89 
4.96 
1.04 
1.04 
S.12 
2.70 
2. €6 


6.88 
S.63 
S.88 

LIS 

I. IS 

6.03 
3  12 
3.13 


7.83 
6.48 
6.93 
x.a6 
x.a6 
7.07 
3.60 
3.67 


9.64 
8.10 
S.89 
1.49 
1.49 
9.01 
4.50 
469 


Table  XIV  ^ves  coefficients  which  are  general  for  any  span  and  depth  for 
eight 'panel  roof-tnisses  with  the  Howe  and  Pratt  tsrpes  of  bracing.  Tables  XV 
and  X\1  give  formulas  for  computing  the  stresses  in  symmetrical  Howe  and 
Pratt  trusses  which  are  symmetrically  loaded.  The  coefficients  are  given  for 
trusses  having  an  odd  number  of  panels.  For  the  Howe  truss  with  an  even 
number  of  panels  the  coefficients  for  the  center  load  on  the  top  chord  are  each 
divided  by  two.  For  the  center  load  bn  the  bottom  chord  the  oo^dcnts  are 
also  divided  by  two,  except  that  for  the  center  vertical,  which  xemains  unity. 
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For  the  Pratt  tnin  with  an  even  number  of  panels  the  ooeffictents  are  divided 
by  two  ior  the  center  loads  for  all  pieces,  except  that  for  the  center  vertical 
for  loads  on  the  top  chord,  the  coefficient  remains  unity.  For  the  young  architect 
or  engineer  these  tables  will  be  found  useful  in  furnishing  a  check  upon  stresses 
determined  by  graphic  methods. 


Table  XIH.    Coeflcieati  for  Determining  the  SCreases  in  an  Bight-Panel 
Cambered  Fmk  Truss 

WHEN  PANEL-LOADS  AKS  ALL  EQUAL  AND  CAMBER  EQUALS  ONE-SIXZH  THE 
TOTAL  RISE 


- 1  -  span 
To  find  the  ttroi  fai  any  member,  multiply  its  factor  by  the  panel-load./* 


Member 


Kiadol  stress 


i/A-3 


-30* 


l/*-4 


J/A-S 


A, 
B. 
C. 
D. 
E. 
F. 
G. 
I.. 
K. 
L. 
M. 
?l. 
O, 
P. 


Comjffesnoa 


Tcasioa 


8.49 
7.94 
7.39 
6.83 
0.83 
Z.66 
0.83 

I.fiS 

1. 02 
a.87 
3.89 
7. 17 
6.IS 
3.60 


9.63 

9.13 

8.63 

8.13 

0.87 

1.73 

0.87 

I. ax 

Z.21 

3.37 

4.58. 

8.44 

7.a3 

4.16 


10.96 
10.  SI 
10.06 
9.6z 
0.89 
1.79 
0.89 
1. 41 
1. 41 
3.96 
537 
9.90 
8.48 
4.80 


13.49 

13.  n 

M.74 

ia.37 

0.93 

1.86 

0.93 

Z.80 

1.80 

S.04 

6.85 

13. 6z 

X0.8Z 

6.00 
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Tabl«  nv.    Cocflctento  for  Bight-PUMl  RogI- 


Qiap.  27 


Seo'^-^'-IEr 


.-^.F 


Length  of 
member 


Stress  =  cocffident  XP  or  p. 

Far  ft  half-truss  supported  at  A  and  B,  reduce  all  top-chord  coeffidents  by  \/ii«+4 
and  all  bottom-chord  coefficients  by  ».  Th«  coefficients  for  the  web>members  ined 
remain  unchanged. 
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Xifeto  XV.    CocfldeBts  tec  Hove  Traww  which  ar*  Sfmaetrkal  MhmA 
thm  C#at«r  <rf  tbm  Span  tad  SywoMtckaUf  I««d«d 


Pi       ?        '*»          ^t       f 

X 

>< 

;< 

X 

V: 

V 

\v 

%      a     ^ 

^       .    K        -. 

J 

■L| 

■■1 

F 

UnadUt 
LtaadUM 
LtaadUt 

U 

^i 

O, 

t>% 

0, 

Vx 

Vt 

V, 


I 


p.         p. 


o 

i.o 
o 
o 


Spaaela 


Pt 


1.0 
0 


3  panels 


Pi 


a+k 


1.0 

o 


x.o 

1.0 


1.0 
I.o 
1.0 


1.0 

o 


I.o 
I.o 


For  \0^  Pt,  p§,  etCp  tbt  coeftdents  for  Ue  cbocd»  and  diagonals  are  Che  sama  as 
given  lor  the  loads  P|.  Ps.  etc,  Tbe  coeflkicoto  for  the  vsrtkaU  for  loads  pi,  #i.  etc, 
Alt  givca  io  the  sopplemeotaiy  table  below  the  general  Ubie.  Tension  is  indicated 
in  the  trass  diagram  by  light  lines. 
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Table  ZVI.    Coeflldeats  for  Pmtt  Tnuses  which  are  Ssmimetfioal  About 
the  Center  of  the  Span  and  SymmetrieaUy  Loaded 


Member 


LiandLt 
LtandUf 
L^and  Ut 

Dt 

Dt 

D» 

D. 

V, 

Vt 

Vt 


Vt. 


7  panels 


Pi 


a+k 
a+k 


l.o 

o 


a+k 
(«+6)+» 


x.o 
o 


a-t-k 
VaH-Jfi+k 


i.o 
x.o 


o 

x.o 
o 


5  panels 


Pi 


a+k 
a+k 


1.0 

o 


a+k 
ia-HHk 


o 
l.o 


Pi 


a+k 


For  loads  Pi,  ^  etc.,  the  ooeffidents  for  the  chords  and  diagonab  are  the 
given  for  the  loads  P|,  Pt,  etc.  The  coefficients  for  the  verticals  for  loads  Pi,  Pt,  etc., 
are  given  in  the  supplementary  taUe  below  the  genenl  table.  Tension  b  imtVutH 
in  the  truss-diagram  by  light  lines. 
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4.  Ezampies  Showing  Use  of  Tables  in  Stresa-Computations 

Simple  Fan  Tniss.  Bzample  x.  In  this  example  a  simple  fan  truss  of 
36-ft  span  is  considered.  The  distance  on  centers  of  trussqs  is  12  ft.  The 
height  of  truss  is  9  ft,  or  l/h  -  4.  The  total  load  per  square  foot  of  roof  is  40  lb. 
The  length  of  rafter  is  20  ft,  nearly.  The  panel-load,  P-»%XiaX4o- 
3  200  lb.    Then  from  Table  X, 

Stress  in  lower  end  of  rafter  i4  -  3  200  X  S-59  «  17  S88  lb 

Stress  in  ends  of  main  tie  F  *  5  200  X  5.00  -  x6  000  lb 

Stress  in  center  of  main  tie  G  «  3  200  X  3.00  «  9  600  lb 

Stress  in  braces  D  and  £  «  3  200  X  1.08  -  3  4S6  lb 

Stress  in  tie  /C  «  3  200X  2-6  400  lb 

FiTe-Panel  Howe  Truss.  Bmayle  a.  (Table  XV.)  A  five-panel  Howe 
truss  is  considered,  for  which  A  -  6  ft,  a  -  9  ft,  fr  •-  10  ft  and  c  -  12  ft.  Let  the 
trusses  be  spaced  10  ft  on  centers,  the  rooC-bad  be  40  lb  per  sq  ft  and  the  ceiHng- 
load  15  U>  per  sq  ft.    The  panel-loads  become: 


Pi  -  %  (  9+ 10)  (10X40)  -  3  800  lb  )  .  ,^iu 
^-%(9+io)(ioXi5)-i40olbJ  -5200ID 
Pr-  %  (10+  ")  (10X40)  -  4400  lb  /  ft  ,^n. 
^-%(io-H2)(ioXxs)-i7oolbf  -^^<»*^ 


Z.iand  £/t-%X52oo+%X6xoo- 17000  lb 

Liand^^a-  %X  5  200+ ^%X  6  xoo-  27  100 lb 

A  -  10.82/6  (5  200-1-6  xoo)  «  204001b 

Dt"  11.66/6x6x00-  XI  900  lb 

Ki  -  4  400-f-  z  400-f-  I  700 •  7  soo  lb 

Kt «  z  700  lb 
In  the  above  results  all  values  between  50  and  loe  have  been  considered  100. 
g.  Determination  of  Stressas  In  Roof-Trusses  by  Graphic  Mathods 
The  Graphic  Method  is  the  amplest  and  in  most  cases  the  quickest  method 
of  determining  the  stresses  in  a  roof-truss;  and  it  has,  besides,  the  additional 
advantage  of  being  applicable  to  any  true  truss-foim  or  any  arrangement  of 
loads.  There  is  also  less  chance  of  making  a  mistake  in  the  geafrig  method 
than  in  the  method  of  mumesical  computation,  aa  an  error  in  the  graphical 
analysis  almost  always  becomes  manifest.  When  the  principles  are  under- 
stood, 8TUiss>DiAGRAM8  cBu  be  Very  quickly  drawn,  without  the  aid  of  books 
or  tables.  For  the  forms  of  trusses  in  common  use,  the  method  of  drawing  the 
stress-diagxams  is  quite  simple;  and  a  careful  study  of  the  following  examples* 
supplemented  by  a  Uttle  practice  in  drawing  the  diagrams,  shoukl  enable  any 
architect,  draughtsman,  or  builder  to  understand  the  principles  involved  in  the 

CRAFRICAL  ANALYSIS  OP  ROQP-TatJSSBS. 

Principles  Upon  Which  the  Graphic  Method  Is  Based.  To  thoroughly 
understaiKl  this  method,  a  knowledge  of  the  composition  and  kesoltjtion  op 
poscES,  as  explained  in  Chapter  VI,  is  essential:  and  before  studying  this 
subject  the  student  shoaM  read  carefully  pages  288  and  289.  The  theorems 
stated  and  explained  on  these  pages  fotm  the  basis  of  GKAPmc  statics. 
In  the  GSAPmc  metbod  all  forces,  mduding  the  leads,  are  represented 
by  straight  lines,  and  the  directions  of  the  forces  must  be  constantly  kept  in 
mind.  Often  it  is  of  assistance  to  indicate  the  direction  of  a  force  by  an  arrow- 
head, as  explained  on  page  389.  The  direction  in  which  a  force  acts  with  refer- 
ence to  a  body  indicates,  also,  whether  it  is  a  pushing  or  a  puijling  force,  or 
whether  the  member  on  which  the  force  or  in  which  the  stress  acts  is  in  compees- 
SIOM  or  TENSION.  This  is  more  fully  explained  in  the  following  pages,  and  also 
in  connection  with  several  of  the  stress-diagrams. 

^  IC 


y  Google 


1066  Stiesses  in  Hoof-TiUBsa  Chap.  V 

ForcM  aad  OUtWM  whkh  Atct  On  mud  In  a  Tnm.  Evoy  atres-dk- 
gram  represents  three  sets  of  foroes,  viz.,  the  external  loads*  the  supporting 
foroes  or  reactions,  and  the  stresses  in  the  trus»-members. 

Supporting  Forces  or  RoAClions.  For  a  truss  to  ramaia  in  piao^  tws  of 
the  conditions  for  equitibrinm  are  that  the  algebraic  sions  of  the  viertical  aad 
horizontal  components  T»f  all  the  forces  acting  upon  the  truss  onist  respectively 
equal  zero.  Then  the  horisontai  and  vertical  oampoiients  of  the  aapportbg 
forces  or  reactions,  taken  together,  must  rcspcctiweiy  equal  the  horiaontal  and 
vertical  components  of  the  loads.  The  ioaos  and  REAcnoNS  are  considcrDd 
as  the  external  forces  actkigon  the  truss  and  form  part  of  the  strsss-dlaakam. 

Symmetrical  Londs.  When  the  loads  or  veitioal  foraes  are  syumetricnl  on 
each  side  of  the  middle  Of  the  span,  the  nmmtfng  ioices  eve  e^uai,  end  ceck  is 
eqeal  to  one-half  the  total  load  on  the  truss. 

Uaeymmetricnl  Left4li»  When  the  loads  wn  not  tsmmetnca]  about  the 
middle,  either  in  regard  to  point  of  application  eir  lo  raagm'tede,  the  supporting 
forces  are  unequal  and  in  most  cases  nmat  be  detennuBBd  before  the  stvess-dia- 
gram  can  be  drawn.  The  supporting  loroes  fcw  nasymnietricaUy  loaded  trusses 
may  be  computed  by  the  method  of  the  momkhts  or  vcttcsa,  explained  on 
pages  32a  to  324. 

Strass-Dingrams  for  Verdcil  iMHlt.  Befece  the  stiess-ffiagnun  for  a  tni» 
can  be  drawn,  it  is  necessary  to  make  a  itkdeton  drawing  of  the  truss,  rqnesenting 
the  central  or  median  lines  of  the  aembers  as  explained  on  ps^  1058.  This 
diagram,  called  the  truss-dl^oram,  shoutd  be  drawn  on  tiie  same  ^net  of 
paper  as  the  stress-diagram,  for  ocmvenienoe  in  drawfaig  the  latter.  The 
truss-diagram  should  also  have  all  of  the  loads  which  come  on  the  trass  indicated 
by  arrows  and  figure^  as  in  the  foik^wing  eiaeiliei^ 

SupiWlAng  Fooceg.  The  saftcmassQ  tmats,  also,  sheoM  be  indicated  on 
the  TRUSS-oiACftAJC  as  in  Fig.  10.  These  forces  are  <ictennined  as  explained 
on  pages  jss  to  324. 

Lettering  the  Tmne-Diejinin.  After tibe  liiiwiliaiiiaiii  b drawn,  k  is  oan- 
venient  to  letter  it  nccording  to  the  method  known  as  Bow's  Notahon,  which 
nflows  a  ready  oomparisdn  Of  the  nniss«DiAOSAH  and  the  snEss-niaCRAK, 
nnd  also  enables  tAie  student  to  eeadly  4nw  the  stMn-dingnni  aid  to  imiuedi-> 
ntdy  detennine  the  cbakacics  «s  wei  ns  the  icagmrudb  of  the  stoeMoi.  The 
essential  principle  of  this  method  is  the  eeticsimo  of  each  spaoe  on  each  side 
of  every  externa]  force  and  of  evay  member  of  the  crass,  so  that  on  the  tram- 
diagnun  n  tmss-member  or  external  teoe  is  denoted  by  the  letten  an  each 
side  of  it.  When  tlie  stressKlagmm  is  dmwn,  it  will  be  foand  that  the  sane 
letters  come  at  the  ends  of  the  lines  leparifiUliig  the  cxtanal  forces  and  the 
stiesses  in  the  trtms  wtmhf fi» 

The  Simile  TrinDgiflar  Fnnue  is  much  used  in  buttdfaig  ujmuutUon,  and 
most  forms  of  roof-tnisses  are  combinations  ef  such  triangles.  U  is,  therefore, 
worth  wtiile  to  show  how  easily  tiie  above  prind|4es  may  be  need  to  determine 
the  dresses  in  such  a  frame.  l>iae(nm  t,  Ftg.  •,  tepreeents  <he^xnuB»«iAonA]f 
of  a  triangular  frame  properly  fettered.  A  bad  of  xoo  lb  is  applied  at  the  apex. 
The  weight  of  the  frame  is  disregavded,  Indtegnma,nverticallineeiiadnwn. 
2  in  bng  (say  to  a  scafe  of  100  lb  to  llie  hidi),  nspucaeaitfaig  tkt  force  AB. 
From  h,  bd  is  drawn  eqmd  to  Ht  and  Anui  i,  da  eqnal  to  Jli.  These  three  Hncs 
represent  the  external  foroes  acthig  on  the  trass,  and  the  polygon  oMo,  called 
the  rokCE'VOLwon,  h  always  a  CLOflEn  n«nts  if  the  feroes  ate  ia  EqauHtRTS. 
Since  the  force  ilB  Is  vertical  and  1^  aad  i^arepntmlld  to  AB,  thefigare  aMa  is 
a  straight  line,  bd  and  da  coincidlag  wMi  o^    If 'tfte«xtenud  f oioaa  fma  a  c 

le 
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KN-VMni  wim  hid  off  to  scale,  timaJIy  m  order,  the  frame  or  tnm  tipoo  whSdi 
they  act  will  not  be  moved  either  vertically  or  horisoDtally  by  the  forces.  The 
FOBCE-POLTQOif  should  atways  be  drawn  and  dosed  before  aay  atteni|>t  is  made 
to  determine  the  stresses  in  the  members  of  the  truss.  Thj  stresses  in  the 
members  of  the  trms  wiU  now  be  found,  beginning  with  those  meeting  at  joint  x. 
Pieces  i4C  and  CZ>  meet  at  thbioint.  The  stresses  in  these  two  pieces  and  j{|  are 
in  Eq^ciUBKiUM  and,  ooRsequently,  if  laid  off  in  order  will  form  a  cijosed  figuks 
as  sluiwn  in  Chapter  VI.  In  diagram  s,  d»  represents  Ri  in  icagnitude  and 
DOuscnoN.    T\rom  a  draw  a  tine  parallel  to  AC  and  from  d  a  line  parallel  to  CD 


O 


I.  IVuss-^agtam 

Tig.  6.    TriaaguUr  Fxame 

and  prolong  them  until  they  intersect  at  c,  ac  is  the  stress  in  AC,  and  cd  that 
in  CD.  ac,  ^and  dd,  or  Ri^  are  in  equilibrium  since  they  form  a  closed  fig- 
ure. Taking  the  forces  in  order,  da,  or  Ri,  is  known  to  act  towards  the  joint. 
The.  dsection  ac  is  also  towards  the  joint  and  hence  the  stress  is  of  the  same 
character  as  the  foite  Ri  and  the  piece  AC  h  m  compression.  AC  pushes 
agaioA  the  joint  as  iSt  does.  Continuing  around  the  stress-polygon  dac,  in  the 
same  direction,  cd  adts-  away  from  the  joint  and  the  stress  in  CO  is  opposite  in 
character  to  the  <orOe  Ri,  or  CD  is  in  tension.  CD  pulls  away  from  joint  i. 
At  joint  2,  theetresses  in  the  pieces  BC  and  CA  and  the  force  i4B  are  in  equi- 
librium. The  sides «(  the  sTi£S6'(»OLyGON  are  ab,  be  and  ca  (diagram  a).  The 
force  ab  wJach  represents  the  load  of  zoo  lb  acts  down  and  towards  the  joint, 
be  and  ca  also  act  towards  this  joint,  showing  that  the  stresses  in  BC  and  CA 
are  of  the  same  character  as  the  force  AB,  or  that  the  pieoes  push,  against  the 
joint  and  that  each  is  in  compression.  At  jofait  3,  the  two  pieces  meeting  are 
DC  and  CB.  The  stress-polygon  is  bdc.  Here  bd  acts  towards  the  joint,  dc 
away  from  the  joint,  and  cb  towards  the  joints  As  found  before,  the  stress  in 
DC  IS  tension  and  that  in  CB,  compression.  Dmgram  2  is  made  up  of  three 
STRESS^0L¥00M8,  One  for  each  of  the  joints  shown  in  diagram  i.  Each  of  these 
polygons  is  conadered  independently  when  determinmg  the  magnitude  and 
character  of  the  stresses  or  forces.  This  is  important  to  remember  when  the 
stress-polygons  are  combined  as  in  diagram  2.  In  determining  the  character 
of  the  fltsess  in  XC,  for  example,  from  the  stress-polygon  doc  for  joint  i,  the 
force  ac  acts  towards  joint  i,  while  from  the  stvess-polygon  abc  for  joint  2,  ca 
acts  towards  joint  2.  In  both  cases  the  piece  ^C  is  pushing  against  the  joints 
at  its  ends  sod  4s  hi  compression.  H  arrow-heads  are  used  in  indicating  the  di- 
ledions  of  l^e  forces  in  the  stxess-^olyoons,  they  should  be  erased  as  soon  as 
the  dmracten  of  the  stresses  for  the  joint  being  conadered  have  been  found; 
otherwise,  where  pdlygons  are  combined  as  in  diagram  2,  each  Ene  w^l  have  two 
arrow-heads  pointing  in  opposite  directions,  leading  to  confusion.  Arrow-heads 
may  he  pined  vpnn  thensx]3&-iiiaoRAa.  Each  pieoe'wiU  have  two  «m>w-headsy 
one8tcBchcai,nfetriiigtothe  joiut  tfttheend.    When  the  acrow-heads  point 
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away  from  each  other  the  piece  is  in  compression,  and  when  they  point 
towards  each  other  the  piece  is  in  tension. 

It  is  important  to  keep  in  mind  the  direction  in  which  the  forces  and  stxesses 
are  considered  in  order,  in  going  around  the  truss  or  around  a  joint.  In  Figs. 
6  and  8  the  curved  arrows  show  that  a  clockwise  direction  has  beeii  chosen. 
This  makes  the  stress-lines  of  the  stress-<liagram  come  on  the  left  of  the  had- 
line.  This  direction  has  been  taken  for  all  the  trusses  in  this  chapter,  except 
for  a  few  diagrams  for  wind-loads.  The  stresses 
could  have  been  determined  just  as  well  by 
taking  a  contra-clockwise  direction. 

If  two  men  pull  on  the  two  ends  of  a  rope, 
exerting  pulung  porces  of  equal  intensity,  the 
TENsiONAL  STRESS  in  eveiy  cross-section  of  the 
rope  is  equal  to  the  force  with  which  one  man 
pulls;  and  each  end  of  the  rope  pulls  away  from 
the  man  holding  it,  with  a  porce  equal  in  magnitude  to  that  which  he  exerts. 
Thus  if  each  man  exerts  a  porce  of  loo  lb  the  stress  in  the  rope  is  lOo  lb  and 
each  end  of  the  rope  pulls  away  with  a  porce  of  zoo  lb.  If  the  men  push  against 
the  two  ends  of  a  piece  of  timber  with  a  porce  of  loo  lb,  the  timber  pushes 
against  each  man  with  a  porce  of  zoo  lb,  although  the  entire  compressive 
STRESS  in  every  cross-section  of  the  timber  is  but  zoo  lb.  C<Hisequently 
STRESS-LINES  are  sometimes  drawn  with  arrow-heads  pointing  towards  each 
other,  as  at  i4.  Fig.  7.   denoting   tension;  or  with   arrow-heads  pointing 
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in  opposite  directions,  as  at  B,  denoting  compression.  It  is  better,  however, 
to  omit  arrow-heads  on  stress-lines,  putting  them  on  lines  wpT>^MH*rf 
external  porces  only.  The  stress  in  any  member  of  a  truss  acts  in 
opposite  directions  at  the  two  ends  of  the  piece.  Thb  is  an  important  truth 
to  remember  in  drawing  stress-diagrams. 

The  Tnissed  Beam.    Fig.  8  shows  a  k>ad  supported  by  a  beam,  post  or  strvt 
ud  two  ties  instead  of  by  two  struts  and  a  tie.    The  effect  on  the  rod  formxnr 
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tbe  two  ties  is  the  same  whether  the  load  is  applied  as  shown  in  diagram  i,  or 
a$ shown  in  diasxam  3.  Considering  the  case  shown  in  diagram  i:  The  JtomcE- 
POLfcoN  is  dcod  (diagram  2);  the  sides  of  the  sisess-polyoon  for  joint  z  are  oi* 
^  and  60,  the  stress  in  DB  being  compression,  and  that  in  BO,  tension.  For 
joint  2  the  sides  of  the  stress-polygon  utdc,cA,ab  and  bd,  the  stress  in  Cil  be- 
in;  oompreasion;  that  'mAB,  compression;  and  that  in  BD,  compression.  For 
joint  3  the  sides  of  the  stress-polygon  are  ac,  co  and  oa.  The  stress  in  AC  is  com* 
preasion;  and  that  in  OA,  tension.    The  condition  shown  in  diagram  3,  where 


Crane  Truss 


2.  StresB-diagimin 


TTOO 


the  load  b  suspended  from  joint  4,  leads  to  a  di£ferent  form  of  stkess-diaoraic, 
but  the  method  of  construction  remains  the  same.  The  stresses  in  the  pieces 
are  the  same  with  the  exception  that  the  stress  in  the  piece  AB'n  zero  for  the  case 
shown  m  diagram  3- 

Th«  Crane  Truss.  Ftg.  0,  diagram  i,  shows  the  truss-diagram  of  a  crane 
carrying  a  vertical  load  at  joint  a.  The  external  forces  acting  on  the  frame 
are,  the  load  at  joint  2,  the  supporting  force  at  joint  3*  and  the  stress  in  the 
guy  CA .  Snce  the  frame  is  in  equilibrium  imder  the  action  of  these  three  forces, 
they  meet  in  a  point. 
This  provides  a  ready 
method  lor  determinmg 
the  direction  and  magni- 
tode  of  the  supporting 
force  at  joint  3-  Prolong 
the  Hne  CA  and  draw  a 
vertical  Hne  through 
joint  2  ontil  it  intersects 
the  hned,  prolonged,  at 
0;  then,  since  the  sup- 
porting force  must  pass 
through  joint  3*  3O  is 
the  direction  of  this 
force.    The  vorcb-poly- 

eoN  is  now  drawn.  The  sides  of  this  polygon  are  6c,  m  and  ab.  ca  is  the  stress 
in  the  guy  CA  which  is  in  tension.  The  stress-polygons  for  each  joint  can  now 
be  readily  drawn  and  the  stresses  in  the  members  of  the  frame  determined 
(diagram  2). 

The  following  examples,  worked  out  in  detail  and  with  considerable  reped- 
tioo,  wifi  enable  the  student  to  grasp  the  principles  of  the  ORAPmc  method 
lor  detennining  stresses  in  eramed  structures. 

Klog-Rod  Trass.  Bxamsle  x.  Fig.  10  shows  the  truss-diagram  of  the 
truss  tepccsented  in  Big.  1,  properly  drawn,  lettered  and  figured^  readyr  foe 


R,-147» 


Digitized  by  VjOOQIC 


1070 


Stresses  in  Roof-Tniaaea 


Chap.  2 


drawing  the  stvesStDIAOBAm .  The  supporting  force  at  the  left  is  SM,  the  1o^ 
at  joint  I  is  MA,  the  bottom  of  the  rafter  isAE,  the  left  portion  of  the  tie-beaj 
or  bottom  chord  is  ES,  etc.  The  loads  acting  at  joints  z,  a,  3»  4  >Ad  $  ai 
designated  as  Jd4,  AB,  BC,  CD  and  DN  respectively,  and  those  at  joims  8, 
and  6  aa  0P»  P(?  and  QS  respectively.  It  makes  no  diffennce  what  letted 
are  used,  except  that  it  is  better  to  first  letter  the  outside  spaces  oonsecutivel 
and  then  the  inside  spaces. 

Forc«-FoIygon.    The  roRCS-POLYOON  is  now  constructed  by  hyin^  off  t| 
scale  (Fig.  10a)  the  eKtemal  forces  in  order,  beginning  with  the  force  MA,  am 

following  with  AB,  BC,  CD,  DN  laid  o\ 
downward,  NO  laid  off  upward,  OP,  P<i 
05  laid  off  downward,  and  SM  laid  o\ 
upward.  If  the  work  is  correct,  the^ 
forces  form  a  glosbd  jioube. 

StreM-Diagnuns.  The  stsess-di  ^ 
GRAM  is  drawn  by  taking  the  forces  acting 
on  the  joints  in  consecutive  order,  comi 
mendng  at  one  of  the  supports.  It  ii 
convenient  to  start  with  the  support  a| 
the  left,  or  at  joint  i.  In  actual  com 
putations  it  is  not  necessary  to  numbei 
the  joints,  but  in  order  to  refer  to  theni 
in  the  description  it  is  necessary  to  num] 
ber  them  in  the  ilhistrations.  Commenc* 
ing  at  joint  x,  the  first  step  in  drawinnj 
the  Bluas-DiAatAic  is  to  draw  a  vertical 
hue  to  a  scale  of  FOUMi)s-<n><iBB-iMCH  t^ 
represent  the  supporting  force  SM.  Thi^ 
line  is  the  line  sm  already  drawn  in  oodh 
structing  the  roRGr-POLyooN  (Fig.  IOa) 
which  might  be  drawn  to  the  scale  of  i6  ooo  lb  to  the  inch.  It  is  best  t^ 
use  a  scale  as  large  as)  convenient  in  order  to  have  a  relativdy  amall  sirkss^ 
DIAGRAM.  An  engineer's  scale,  one  divided  to  loths,  soths,  joths,  etc,  of  afl 
inch,  is  found  most  convenient  for  these  drawings.  The  small  letter  s  is  placed! 
at  the  bottom  of  the  line  xm,  and  the  letter  m  at  the  top.  From  m  is  laid  off  ami 
representing  the  load  MA .  A  line  is  then  drawn  from  a,  parallel  to  the  rafter 
AE,  and  a  line  from  s  parallel  to  the  tie-beam  ES.  The  two  hnes  meet  at  e,\ 
and  ae  represents  the  stress  mAE  and  es  the  stress  m  ES,  The  supporting  force, 
represented  by  sm,  acts  upward,  and  the  others  follow  in  lotatiQin,  showing  that 
at  acts  towards  joint  i  and  that  the  member  AE  is  in  oomprsssion,  and  show- 
ing that  es  acts  from  joint  i  and  that  the  member  £S  is  in  tension.  Consider 
next  the  stresses  at  joint  6.  Commencing  at  the  bottom  of  the  joint  and  going 
around  tp  the  left,  the  first  force  that  is  known  is  the  load  QS,  or  i  9 jo  lb,  which 
is  measured  to  the  scale  used  from  q  to  s,  downward,  as  the  loads  act  downward. 
The  point  s  was  located  in  drawing  the  stress-polygon  for  joint  x,  and  qvids 
in  constructing  the  iorcb-folygon  for  the  external  forces.  The  next  stxioB 
that  ia  known  is  the  stress  $e  which  has  just  been  detemuned.  As  this  atros 
acts  to  the  right  from  joint  x,  it  will  act  to  the  left  from  joint  6,  as  the  ttemua 
in  the  two  ends  of  a  strut  or  a  tie  act  in  opposite  directions,  as  explained  on  page 
Z068.  The  stresses  in  EE'  and  E'Q  are  not  known,  so  iron,  e  a  Une  is  drawn 
parallel  to  EE'  and  extended  so  that  a  tine  drawn  from  its  extremity  r'  aad 
parallel  to  E'Q  ck)se8  on  f .  The  lines  «e'  and  e'q  are  thus  found,  which  rc|x«* 
«^t  the  stresses  in  EE'  and  E'Q  respectively.    Starting  with  <«,  the  stxeas  ia 
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SE,  known  to  be  xenbion  and  aaing  from  joint  6,  and  going  around  the  diagram 
in  rotation,  EE'  and  E'Q  are  found  to  be  in  tension.  At  joint  a  the  fttressea 
in  E'E  and  EA,  and  the  force  or  load  AB  are  known,  leaving  the  stresses  in  BE 
and  PE'  to  be  determined.  From  a  lay  off  downwud  ab  equal  to  the  force  or 
load  AB.  From  ^  draw  a  line  parallel  to  BP,  and  from  «'  a  line  parallel  to 
PE'»  Prolong  these  lines  until  they  intersect  at  /;  then  (>/  is  the  stress  in  BP 
and  ft'  that  in  PE\  Both  members  are  in  compression.  At  joint  3,  the  un- 
known forces  or  stresses  are  the  stresses  in  CG  and  GP.  From  c  draw  a  line 
parallel  to  CG,  and  from /a  line  parallel  to  GP.  The  two  lines  intersect  at  g, 
and  eg  is  the  stress  in 
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CG  and  if  that  in  GP. 
CG  is  in  compusssion 
and  GP  in  tension. 
Since  the  truss  is  sym- 
metrical and  symmetri- 
cally k>aded,  the  stresses 
in  the  members  on  the 
right  of  the  middle  are 
the  same  as  in  thoae  on 
the  left.  The  stresses  in 
the  members  oo  the  left 
of  the  middle  have  been 
determined  so  that  it  is 
not  necessary  to  draw  the  stkbss-polygons  for  joints  4,  5,  8  and  7.  It 
is  good  practice  to  complete  the  stress-diagrah  including  the  stresses  for 
every,  joint  in  the  truss.  A  closed  ssrmmetrical  figure  will  result,  unless  some 
error  is  made  in  the  construction,  thus  checking  the  work.  The  scale  is  now 
applied  to  the  different  lines  of  the  stress-diagram  and  the  magnitudes  op 
THE  STRSasKS  obtained  as  indicated  on  the  corresponding  lines  of  the  jruss-dia- 
GRAif  (Fig.  11).    In  practice  the  diagrams  of  Figs.  10  and  11  are  cdmfained  in 
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l^uss-diagiam.     (See.  alto,  Figs.  3,  53  and  54  and  Chapter 
XXVra,  Fig.  1) 


one  drawing.  They  are  shown  separately  here  merely  to  indicate  the  succes- 
sive steps  in  the  drawing  of  the  diagrams  and  in  the  determination  of  the  stresses. 
The  Queen  Truss.  Bzample  a.  The  diagram  in  Fig.  12  represents  the 
center  lines  of  the  members  of  the  queen  truss  shown  in  Fig.  3;  and  the 
loads  indicated  are  those  found  in  example  2,  page  1055.  The  middle  braces  in 
the  middle  panel  are  indicated  by  dotted  lines  in  the  tniss-diagram,  because 
under  a  symmetrical  load  there  are  no  stresses  in  these  members,  and  they  are 
therefore  not  represented  by  lines  in  the  stress-diagram.    As  the>truss  is  sym- 
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metrically  loaded,  each  supporting  force  or  reaction  is  equal  to  one-half  the  total 
load,  or  i8  500  lb.  There  are  no  purlins  at  joints  z  and  6  to  cany  rafters  and 
ceiling- joists,  which  are  supported  by  the  walls  of  the  building,  so  there  are  no 
external  loads  at  these  joints  as  in  the  previous  example.  The  veiy  small  dead 
load  due  to  the  truss  itself  is  neglected.  To  draw  the  force-polygon,  first  draw 
the  vertical  line  qa  (Fig.  12a)  equal  in  length,  to  some  scale,  to  the  magnitude 
of  the  left  supporting  force;  then  in  rotation  and  at  the  same  scale  lay  oiff  the 
distance  ab,  be,  cd  and  dg,  downward;  go,  equal  to  the  right  supporting  force, 
upward;  and  op  and  pq  downward,  dosing  the  figure  at  q.  To  construct  the 
combined  stress-diagram  using  the  force-polygon  just  drawn,  as  a  fouodatioa, 
fint  consider  joint  i.  From  a  draw  a  line  parallel  to  AE  and  from  q  a  line 
parallel  to  EQ.  The  triangle  qae  represents  the 
three  forces  in  equilibrium,  meeting  in  a  point  and 
acting  at  joint  x.  As  the  supporting  forces  act 
upward,  the  arrow-head  on  qa  points  upward.  Fol- 
lowing the  sides  of  the  stress-polygon  qae  in  rotation, 
oeacts  towards  the  joint  and  eq  from  the  joint, 
showing  that  a«  is  in  compression  and  eq  m  tension. 
Next  determine  the  stresses  acting  at  joint  2.  The 
stress  in  EA  is  now  known  and  represented  by  the 
line  ea,  and  as  the  stress  at  joint  2  acts  in  a  direction 
opposite  to  that  at  joint  i,  it  now  acts  upwaxd 
towards  joint  2.  The  next  force  is  the  load,  6  300 
lb,  which  acts  downward.  The  point  h  has  already 
been  found  by  measuring  froni  a  a  distance  equal  to 
6300  lb  at  the  same  scale  as  used  in  drawing  qa. 
There  now  remain  two  stresses  to  be  found  for  joint 
2,  those  in  BF  and  FE.  Draw  bf  parallel  to  BF,  and 
fe  parallel  to  F£,  the  two  lines  intersecting  at  /. 
Then  the^sides  of  the  polygon  abje  represent  respectively  the  magnitudes 
of  the  four  forces  acting  at  joint  3;  and  the  character  of  the  stresses  is 
determined  by  the  directions  in  whidi  the  stress-lines  are  drawn,  in  order, 
in  going  around  the  joint.  In  this  case  they  all  act  toward  the  joint, 
and  EA,  BF  and  F£  are  in  compression.  The  stresses  acting  at  joint  3  or  7 
may  be  determined  next,  as  only  two  of  them  are  unknown  at  either  joint. 
Considering  the  external  force  and  the  three  stresses  acting  at  joint  3,  the  stress 
in  FB  has  been  determined  and  is  represented  by  the  line  /&,  which  is  drawn  up> 
ward  for  this  joint.  The  load  or  force  BC,  8  550  lb,  is  known  and  is  represented 
by  be,  ck  is  drawn  parallel  to  CH,  and  hj  parallel  to  HF,  closing  the  polygon. 
The  length  of  ck  determines  the  magnitude  of  the  stress  in  CH  and  kf  the  stress 
in  HF.  The  stresses  in  all  the  truss-members  but  HP  are  now  determined. 
This  stress  is  found  by  considering  the  force  and  stresses  acting  at  joint  7.  At 
this  joint  the  force  PQ,  or  3  650  lb,  and  the  stresses  in  QE,  EF  and  FH,  represented 
respectively  by  Pq,  qe,  ef  and  fk,  have  been  determined.  The  line  hp,  represent- 
ing the  stress  in  HP,  completes  the  polygon  for  joint  7.  Hence  kp  determines 
the  stress  in  HP,  and  as  A^  is  drawn  from  left  to  right,  from  the  joint,  HP  is  in 
tension.  \\^th  reference  to  joint  3,  the  line  ck  is  drawn  towards  joint  3  and 
hence  CH  is  in  compression.  Scaling  the  lines  in  the  stress-diagram  (Fig.  12a) 
the  figures  shown  by  the  ade  of  the  lines  are  obtained.  They  indicate  the  mag- 
nitude of  each  stress  in  pounds,  the  -)-  sign  denoting  compression,  and  the  —  sign, 
tension.  The  two  foregoing  examples  illustrate  the  method  of  drawing  the 
stress-diagrams  for  simple  symmetrical  trusses,  symmetrically  loaded.  The 
truss-diagrams  should  be  drawn  in  accordance  with  the  measurements  given. 
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bat  to  a  scale  of  not  less  than  %  in  to  the  foot;  and  the  stress-diagram  should 
be  drawn,  line  by  line»  in  accordance  with  the  foregoing  directions  and  the 
resalts  obtained  and  compared  with  those  given  in  the  figures.  A  variation  of 
100  or  200  lb  for  small  stresses  and  less  than  1%  for  large  stresses  may  be  ex* 
pected,  but  a  greater  variation  indicates  either  that  sufficient  care  has  not  been 
aerdsed  in  drawing  the  stress-lines  exactly  parallel  to  the  corre^x>nding  lines 
of  the  truss-diagram,  or  that  an  error  has  been  made  in  drawing  the  truss-dia- 
gram, or  in  scaling  the  lines  of  the  stress-diagram.  After  these  two  examples 
bave  been  worked,  a  nimiber  of  the  following  examples,  also,  should  be  solved, 
until  the  principles  are  fully  understood. 

Truss  for  Museom  of  Fine  Arts,  St  Louis,  Mo.    Bzunple  3.    Fig.  13 
represents  the  truss^liagram  of  the  truss  shown  in  Fig.  11,  Chapter  XXVI, 


Fig.  13.    Tniss-diagram.    Museum  of  Fine  Arts.  St.  Loois,  Mo. 
Fig.  13a.    Stress-diagram 

the  loads  indicated  being  approximately  those  due  to  the  roof  and  suspended 
floor  bck>w.  The  loads  being  symmetrically  disposed,  each  supporting  force  is 
equal  to  one-half  the  total  load,  or  41  040  lb. .  The  counterbraces  CC,  shown 
m  Chapter  XXVI,  are  omitted  from  the  truss  because  they  have  no  stress  when 
the  truss  is  uniformly  loaded.  To  draw  the  stress-diagram  (Fig.  13a),  first 
draw  to  scale  the  vertical  line  la,  equal  to  41  040  lb,  equal  to  Ri;  and  then  ab 
ind  bs  parallel  respectively  to  i4B  and  BS  and  representing  the  stresses  acting 
U  joint  I.  At  joint  2,  the  line  ba  represents  the  stress  in  BA ;  ac,  equal  to  7  200 
(b.  the  load  AC;  cd,  the  stress  in  CD;  and  db  the  stress  in  DB.  The  polygon 
\acdb  rqseseats  the  forces  in  equilibrium  acting  at  joint  2.  At  joint  3  there  are 
three  unknown  forces;  and  as  three  unknown  forces  out  of  five  in  one  polygon 
:annot  be  determined,  joint  4,  where  dc  and  the  load  CF  are  known,  is  considered 
KXt.  Measuring  off  the  load  </,  equal  to  12  240  lb,  the  stresses  in  PE  and  ED 
yoXy  are  to  be  determined.  These  are  found  by  drawing  fe  parallel  to  F£,  and 
fitf  parallel  to  ED,  the  two  Unes  intersecting  at  «..  At  joint  3,  sb,  bd,  de  and  the 
oroe,  qa  are  known,  and  «f  and  gq  are  drawn  to  close  the  polygon  sbdcgs.    At 
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joint  lo  the  force  pq,  equal  to  i3  coo  lb,  and  qg  ure  known;  and  gg'  and  g'p  are 
drawn  to  dose  the  polygon.  At  joint  5,  g'g,  ge  and  ef  are  known  mnd  ik  and  k^ 
are  drawn  to  close  the  polygon.  Since  there  is  no  load  at  joint  5,  /  aad  i  fail  at 
the  same  point  in  the  strese-dlagram.  The  stresses  in  pounds,  in  tlie  vmhons 
members  <rf  the  truss,  are  given  in  numbers  on  the  oorrespoadiag  lines  in  the 
Btress-diagram  (Fig.  13a). 

Triangular   Pratt   Truss.    Example  4.    Consider  the  dceleton  triangular 
Pratt  truss  represented  in  Fig.  14  loaded  as  shown  by  the  wei|;ht  of  the  roof 
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above  and  a  cetliniE:  below.  To  draw  the  stre!«-diagram,  first  draw  to  scale 
the  supporting  force  qj,  equal  to  46  620  !b.  Then  lay  off  jk  eqaal  t»  10  3»o  lb, 
H  equal  to  10  320  lb,  etc.  Then  draw  the  lines  >«  and  aq,  and  the  three  forces 
at  the  left  support  are  known.  At  joint  o,  pq  and  qa  are  known  and  tk  and  hp 
arc  drawn  to  dose  the  polygon.  At  joint  i,  >a,  «/  and /I  are  knewn  and  Ac 
and  c5  are  drawn  to  dose  the  polygon.  At  joint  2,  &p,  pb  and  he  are  knows 
and  cd  and  do  are  drawn  to  dose  the  polygon .  At  jemt  3,  dc,  ck  and  Id  are  knowa 
and  ie  and  ed  are  drawn.    At  joint  4,  no,  od  and  4e  are  known  and  ^txti/m  ait 
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drawn  to  close  the  polygon.  At  joint  5»  S**  ^  and  Iff  ve  known  and  mg  and  gj 
are  drawn.  Joint  7  is  ooondexed  next,  for  at  joint  6  there  are  three  unknown 
streaees;  and  bgr  the  gra|>hic  method  three  out  o(  five  forces,  meeting  in  a  point 
and  in  equiUbrhim,  must  be  known  in  order  to  determine  the  other  two.  At 
joint  7»  P»  eivd  mmf  are  known  and  m'g'  and  g'g  are  drawn  to  dose  the  polygon. 
This  completes  the  detenninatk)n  of  the  Btreaaes  in  all  the  pieoea  for  one-half 
of  tlie  tniss  and  of  oourse  the  stteues  for  each  haU  are  the  same  aa  the  k>adiAg 
is  symmetrical. 

Eight-Panel  Howe  Truss.    Bzample  5'    For  the  next  example  a  Howe 
XRUSS  is  considered,  whose  center  lines  give  tiie  diagram  shown  in  Fig.  15. 


M 

PC    ,    « 
4SftM 

00    J,  4a 

'  -».«8000 

90     ^f  4m     ^iOOQ     Q'iM 
-f-fiMW      +688001,  +84200   , 

^^y 

s. 

/«ooo' 

-66000\  -6300^ 

^ 

R.- 

s 

SIMO 

*   Q     \ 

1 

[•   P      ,•     E      1'     E'      J      P'    4      G'            s: 
90            2400            2M0           8400           1400                           R.. 

¥ig,  15.    Howe  Tnos.    Tnai-diagrun 

This  truss  is  used  for  a  span  of  64  ft,  and  it  supports,  in  addition  to  a  flat  roof, 
a  plaster  ceiling  below  the  bottom  chord  and  a  gaUeiy  on  each  side.  The  loads 
at  the  different  joints  are  about  as  indicated  in  FSg.  15.  To  dmw  the  stress- 
diagram  (Fig.  15a),  first  construct  the  force-polygon  by  laying  off  to  scale  m 
rotation  die  external  forces^  oommendng  with  the  left  reaction  34  200  lb.  Next, 
commencing  at  joint  o,  the  supporting  force  sa  is  known,  the  stress  in  the  rafter 
is  aPt  and  the  stress  in  the  tie  Ps,  closing  the  polygon.    At  joint  x.  Pa  and  ab 


Fig.  IfiA.    Howe  Truss.    Stxess-diagnun 

are  known  and  bn  and  np  are  drawn,  closing  the  polygon.  At  joint  2,  gs,  sp  and 
pn  are  known  and  nm  and  mg  are  drawn.  At  joint  3,  m»,  tib  and  be  are  known 
and  d  and  Im  are  drawn.  The  stresses  at  the  remaining  joints  are  found  in  the 
same  way  as  those  at  5  and  4.  The  stresses  in  pounds  in  the  various  members 
of  the  truss  are  noted  in  figures  in  the  stress-diagram  (Fig.  15a>. 

Howe  Tnssa  loaded  at  Altenmta  Joints.    Bxamplo  6.    (Fig.  16.)    This 
example  of  a  Howe  truss  is  selected  to  show  how  to  proceed  when  there  is  no 
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load  at  one  or  more  of  the  joints.  Fig.  16  represents  the  center  lines  of  a  truss 
50  ft  in  span  and  only  5  ft  in  height.  In  order  to  give  the  braces  an  indination 
approximating  45**,  the  truss  is  divided  into  ten  panels;  but  purlins  are  placed 
over  every  other  joint,  as  in  Fig.  16,  Chapter  XXVI.  The  loads  from  these 
purlins  are  about  5  000  lb.  The  stresses  at  joint  z  are  found  in  th^  same  manner 
as  in  the  previous  example,  always  starting  with  the  supporting  force.  At 
joint  2  the  stress-line  da  is  already  drawn;  and  aa  there  is  no  load  at  this  joint. 


Fig.  16.    Howe  Truss.    Tniss-diagxam 

a  line  is  drawn  from  a  parallel  to  AE  (A  covers  the  entire  space  from  joint  r 
to  joint  4),  and  a  line  from  d  parallel  to  ED,  the  two  lines  intersecting  ate. 
The  force-lin^  and  stress-lines  are  as 'follows: 

At  joint  3:  od,d€,  ef  and /a; 

At  joint  4:  /e,  «a,  ab,  bg  and  |/; 

At  joint  5:  of,  jgy  gk  and  ko; 

At  joint  6:  kg,  gb,  bi  and  ik; 

At  joint  7:  oh,  hi,  ij  sndjo; 

At  joint  8:  ji,  ib,  be  and  ck; 
the  latter  line  extending  to  the  point  of  beginning,  /,  showing  that  there  is  00 
stress  in  kj.    At  joint  9  the  only  stresses  are  qj  and  Ic,  for  as  there  b  no  stress 
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Fig.  16a.    Howe  Thiss.    Streas-diagnun 

in  JK,  for  equilibrium  there  can  be  none  in  KL.  There  is,  also,  no  stress  in  th« 
middle  rod.  Although  these  members  have  no  stress,  it  is  advisable  to  insert 
them  in  the  truss  in  order  to  stiffen  the  top  and  bottom  diords.  They  may 
be  nuule  very  light,  say  Vi  in  in  diameter  for  the  rods  and  3  by  6  in  in  cross- 
aectioo  for  the  braces. 
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How«  Tmu  with  Sluitiiig  Top  Chord.  Bnmple  *t»  In  order  to  give  s 
slope  to  the  roof  it  is  often  desirable  to  incline  <the  top  chord  of  a  Howe  nuss 
as  in  Fig.  17,  Chapter  XXVI.  Fig.  17  shows  the  truss-diagram  for  such  a  truss, 
and  Fig.  17a  the  stress-diagram.  The  latter  is  drawn  in  the  same  way  as  the 
stresa-diagram  in  Example  5,  but  because  the  top  chord  is  not  level,  the  stress- 
diagram  is  not  symmetrical.  .  When  the  stress-diagram  is  not  sjrmmetrical  it  is 
necessary  to  complete  the  entire  diagram,  so  as  to  show  the  stress  in  eveiy  mem- 
ber of  the  truss.    The  stress-lines  for  joint  9  are  0m,  mti,  nr  and  ra.    This  leaves 
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Fig.  17.    Howe  Tnus  with  Slanting  Top  Chord.    Truas-diagnun 


Fig.  17a.    Howe  Truss  with  Slanting  Top  Chord.    Stress-disgnm 


only  the  line  r/  to  complete  the  diagram;  and  if  the  diagram  has  been  correctly 
drawn,  a  Hne  joining  r  and  /  will  be  exactly  parallel  to  RF.  There  is  no  stress 
in  the  rod  //. 


Truss  with  Inclined  Ties.  Example  8.  (Fig.  18.)  This  truss  has  the 
same  dimensions  as  the  truss  shown  in  Fig.  14,  but  the  diagonals  incline  in  the 
opposite  direction  and  are  in  tension,  while  the  verticals,  except  the  middle  one, 
LL\  are  in  compression.  This  form«of  truss  is  sometimes  used  in  wooden  con- 
struction to  avoid  the  long  middle  braces  shown  in  Fig.  14.    Long  ties  are,  as  a 
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rule,  more  economical  than  long  stmts.  The  Construction  of  the  tUtS&'dmgtBm 
lequiFes  no  addition&l  explanation  after  that  given  for  the  streas-diagntm  in 
Fig.  14a.  The  student  should  compare  the  magnitude  of  the  stretses  scaled 
and  marked  in  Fig.  18a  with  those  in  Fig.  14a,  and  note  the  effect  of  the  change 
in  the  direction  of  the  braces.  The  truss  represented  by  Fig.  14  requires  a  very 
much  Urger  rod  in  the  middle  than  is  required  for  KL  and  K'L'  in  the  tnns  of 
Fig*  18.    The  middle  rod  for  the  truss  shown  in  Fig.  18  m^  be  made  vciy  Mght. 


Fig.  18.    Truss  with  Inclined  Ties.    Truss-diagnm 


Fig.  18a.    Truss  with  Inclined  Tics.    Stress-diagram 

This  truss,  however,  requires,  for  good  construction,  special  cast-iron  washers 
for  the  rods. 

Simple  Fan  Truss.  Bzampto  p.  (Fig.  19.)  This  figure  shows  the  skeletaa 
of  a  simple  fan  triss  with  rafters  inclined  30'  and  divided  into  three  equal 
panels,  making  the  loads  AB,  BC,  CC\  etc.,  equal.  The  streit-diagiam  is 
drawn  according  to  the  principle  already  explained  and  requires  no  spedai 
treatment.  As  the  loads  are  equal,  the  stresses  in  this  truss  may  be  readily 
figured  by  means  of  Table  X,  and  the  student  shoukl  compare  the  stresses  thus 
determined  with  those  obtained  by  scaling  the  stTMSHliagram. 
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Cambered  Fink  Trass.  Bmnpl*  xo.  (Fig.  20.)  The  indiiiation  of  the 
rafters  is  30**  and  the  distance  between  the  truases  20  ft.  The  loads  aie  cal- 
adated  for  a  skte  roof  on  boards  or  on  anffle-iron  purlins.  CommenGe  the 
atreaft-diacram  by  drawing  a  vertical  line  equal  to  the  supporting  force  Bi,  or 
56  350  lb»  and  lettering  the  lower  end  of  the  line  0  and  the  upper  end  a,  as  these 
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Fig.  19.    Fan  Truss.    Truss-diagram. 


are  the  letters  on  each  side  of  the  supporting  force  at  joint  o.  an  and  no  are 
drawn  parallel  to  AN  and  NO.  For  joint  i,  na  is  drawn  upward;  ab  is  laid  off 
equal  to  x6  xoo  lb  and  bm  end  mn  are  drawn  parallel  to  BAf  and  MN,  At  joint  3 
on  and  mm  are  known,  and  ml  is  drawn  parallel  to  ML,  the  sides  of  the  stress- 
polygon  being  011,  wm,  ml  and  lo.  At  joint  3  a  new  condition  is  met,  which  is 
not  found  in  any  of  the  preced- 
ing examples  and  which  b 
peculiar  to  this  form  of  truss, 
viz.,  three  apparently  unknown 
forces.  From  a  study  of  the 
truss-diagram,  however,  it  is 
seen  that  LM  and  IK  act  as 
parts  of  BELLY-RODS,  taking  up 
the  thrust  from  the  lower  ends 
of  the  struts  at  joints  2  and  5; 
and  as  the  loads  at  joints  i  and 
6  are  equal  and  NM  and  IH  are 
the  same  length,  the  stress  in 
IK  is  the  same  as  the  stress  in 
LJ/,  which  is  already  known. 
This  reduces  the  number  of 
unknown  forces  at  joint  3  to 
two.  The  6rst  force  known  at 
this  joint  is  /m,  the  next  ntb  and 
the  next  bc^  equal  to  16  100  lb. 
From  e  a  line  is  drawn  parallel  to  CI  and  from  /,  the  initial  point,  a  line 
pamllel  to  KL,  Between  these  two  lines  there  must  be  a  line,  sA,  parallel  to 
IK  and  equal  in  length  to  ml;  and  this  tine  is  determmed  by  means  of  the 
dividen  and  a  parallel  ruler  and  strmig^t-edge.  If  correctly  drawn,  the  joint  i 
will  fall  m  Une  with  nm.  The  sides  of  the  stress-polygon  for  joint  3  are,  then, 
(m,  mb,bctd,ik  and  M. 
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At  joint  4  the  stress-lines  are  oly  Ik,  kg  and  go. 

At  joint  5  the  stress-lines  are  gk,  ki,  ik  and  kg. 

At  joint  6  the  stress-lines  are  ki,  ic,  cd  and  dk. 
If  the  stress-diagram  is  accurately  drawn,  a  Une  from  d  paiaUel  to  the  rafter 
will  pass  through  the  point  k.    The  vertical  tie  GG'  (Fig.  20)  has  no  stress 
and  its  only  purpose  is  to  prevent  the  horizontal  tie  from  sagging. 
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Fig.  20.    Cambered  Fink  Truss.    Trass-diagnun 


Fig.  20a.    Cambered  Ffaik  Truss.    Stress-diagnun 

Cambered  Fink  Truss.  Bnmple  zz.  (Fig.  21.)  This  is  the  truss  shown 
in  Fig.  20,  with  two  additional  loads.  Steel  trusses  of  this  shape  are  often 
required  to  support  bads  from  below.  In  Fig.  21  there  are  two  toads  of  4  tons 
each,  supported  at  joints  s  and  9,  in  addition  to  the  roof-loads.  The  stress- 
diagram  is  drawn  in  exactly  the  same  way  as  in  Fig.  20a,  except  that  at  joint  $ 
the  first-known  force  ro,  parallel  to  RO,  4  tons,  is  laid  off,  locating  r.  At  this 
joint,  then,  ro,  ol  and  Ik  are  known  and  kg  and  gr  are  drawn  to  ctose  the  pohrgon. 
It  ahoukl  be  noticed  that  the  stresses  in  NM,  IE,  ML,  JC/  and  Li^  are  the  same 
as  the  stresses  in  the  corresponding  members  of  Fig.  20,  as  these  az«  not  affected 
by  the  ceiling-toad.  All  of  the  other  stresses,  however,  are  inocased  because  of 
the  increase  in  the  supporting  forces,  the  greatest  increase  being  in  KG  and  EG, 
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Fig.  22.    SdsaonTnus.    Thisi-diagram  Fig.  22iU    Scissors  Thiss.    Stress- 

dingram 
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Simple  Scissors  Truss.  Example  za.  (Fig.  22.)  This  b  the  trus&- 
diagram  of  the  truss  shown  in  Fig.  22,  Chapter  XXVI,  which  is  the  simplest  fonn 
of  the  SCISSORS  truss.  The  tniss-diagrsm  is  drawn  by  commencing  with  the 
line  oa  equal  to  the  supporting  force,  9  600  lb,  and  then  in  order  the  forces  abj 
bb\  b'a',  a'r  and  ro,  forming  the  polygon  of  the  eztenud  forces.  At  joint  i,  m 
is  known  and  ad  and  do  are  drawn,  closing  the  polygon.  At  joint  a,  da  and  oi 
are  known  and  he  and  ed  are  drawn,  closing  the  polygon.  At  joint  3,  th  and  66' 
are  known  and  Vt*  and  e't  are  drawn.  This  determines  the  stresses  in  one-half 
the  truss.  Those  for  the  other  half  are»  of  course,  of  the  same  magnitude  and 
character,  but  the  stress-diagram  should  be  contiiraed  for  the  second  half  of  tht 
truss  as  a  check. 

Sdasors  Truss.  Examiie  13.  Fig.  .23  is  the  truss-diagram  of  the  truss 
shown  in  Fig.  23,  Chapter  XXVI,  with  the  loads  figured  about  as  they  wouW 
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Fig.  23.    Scissors  Truss.    Truss-diagram  Fig.  23a.    Sciison  Truss.    St 

diagram 

be  for  a  slate  roof  and  wooden  ceiling  and  for  a  spacing  of  12  ft  on  centers.  T-ii 
stressndiagram  is  begun  by  drawing  the  line  oa  equal  to  the  supporting  f*-'* ' 
at  joint  I  (14  600  lb).  The  sides  of  the  stress-polygons  for  the  different  jois'i 
are  as  follows: 

At  joint  i:  oa^at  and  to\ 

At  joint  2:  «d,  aby  bf  anidfe; 

At  joint  3:  oe,  ef,  fh  and  ho; 

At  joint  4:  hf,  fb,  bk  and  kh\ 

At  joint  5:  ro  {i  100  lb),  oh,  hk,  kl  and  Ir; 

At  joint  6:  Ik,  kb,  he  (5  400  lb),  cm  and  m/; 

At  joint  7 :  mc,  cc'  (5  400  lb),  c'm'  and  m'm. 

The  student  should  notice  how  much  the  stresses  in  the  principal  mcmlxTN 
this  truss  exceed  the  supporting  forces  or  loads,  and  particularly  the  great  tf^ 
in  the  middle  rod.     For  these  reasons  this  is  not  an  economical  type  of  trvs^ 
spans  exceeding  36  ft. 
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Scissors  Truss.  Bzample  14.  Fig.  24  is  the  tniss-diagrani  of  the  truss 
shown  in  Fig.  4.  page  1056,  and  for  which  the  roof  and  ceiling-loads  are  computed 
in  Example  3,  page  1055.  The  truss  shown  in  Fig.  4  is  built  of  planks  spiked 
and  bolted  together,  but  the  stresses  are  found  in  precisely  the  same  way  if  th^ 
truss  is  made  of  heavy  timbers  and  supports  a  greater  roof-area.  It  should  be 
rrmemhered  that  only  the  shape  of  the  truss  and  the  k>ads,  including  their  point 
of  ai^cation,  affect  the  stress-diagram.  The  stresses  at  joints  i  and  2  are 
readily  found,  commencing  with  oa,  equal  Xo  Ri.  At  each  of  joints  3  and  4, 
however,  there  are  three  unknown  forces.  We  cannot  obtain  the  stresses  at 
joint  4  imtil  those  acting  at  joint  3  have  been  determined.  The  known  forces 
at  3  are  the  load  RO^  equal  to  430  lb,  and  the  stresses  acting  in  OE  and  £F;  and 
the  unluiown  forces,  those  acting  in  PH,  HK  and  KR.  HK  and  KR  are  in  ten> 
sion  and  serve  to  hold  joint  3  from  falling  down  and  outwards.  Either  one, 
but  not  both,  may  be  omitted,  and  the  greater  the  stress  is  in  one  the  less  it  is  in 
the  other.    The  only  way  to  complete  the  stress-polygon  for  joint  3  is  to  fix  the 


I". 


Fig.  34.    Scissors  Truss.    Truss-diagram.     (See,  also.      Fig.    24a.     Scissors   Truss. 
Fig.  4  and  Chapter  XXVIU ,  Fig.  2)  Stress-diagram 

amount  of  one  of  the  unknown  stresses  arbitrarily.  The  most  satisfactory 
analysis  seems  to  be  to  make  the  stress  in  HK  equal  to  that  in  KR.  This  is 
done  as  follows:  The  first  known  force  at  joint  3  is  the  load  represented  by  ro, 
the  point  r  being  obtained  by  measuring  upwards  from  0,  430  lb;  next,  the  lines 
oe  and  ef  are  known.  From  /  a  line  is  drawn  parallel  to  PH  and  from  r,  a  line 
parallel  to  KR-  These  two  lines  must  be  connected  by  a  third  line  parallel  to 
HK.  This  line  should  be  drawn  so  that  its  length  is  equal  to  kft  which  can  be 
done  by  means  of  dividers.  Lettering  the  ends  of  this  line  h  and  k  the  sides 
of  the  completed  stress-polygon  for  joint  3  are  ro,  pe,  ef,  fh,  hk  and  kr.  Knowing 
the  stress  in  UP,  there  are  but  two  unknown  forces  at  joint  4,  and  these  are  readily 
found.  The  sides  of  the  stress-polygon  for  joint  5  are  Ic,  ccf,  dV  and  VI.  Com- 
paring this  stress-diagram  with  that  of  Fig.  23a,  it  is  seen  that  the  stress  in  the 
middle  rod  is  much  less  in  proportion  to  the  loads  for  the  truss  shown  in  Fig*  24 
than  for  the  one  shown  in  Fig.  23,  this  reduction  being  due  to  the  horizontal  tie 
RK.  For  light  trusses  built  of  planks,  spiked  or  bolted  together,  the  form  of 
truss  shown  in  Fig.  24  is  preferable  to  that  shown  in  Fig.  23. 

Scissors  Truss.    Bxamiile  zs.    Fig.  25  is  the  truss-diagram  of  the  scissoas 
TRUSS  shown  in  Fig.  27  of  Chapter  XXVI.    The  line  EP  in  Fig.  25  does  not 
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correspond  with  the  center  line  of  the  strut  in  Fig.  27,  because  the  inner  end  of 
this  stmt  is  dropped  slightly  on  account  of  the  detail  of  the  joint;  but  in  tni8»- 
dia^rams  all  lines  must  go  from  joint  to  joint,  otherwise  the  stress-diagram  can 
not  be  drawn.  There  are  no  stresses  in  the  middle  diagonals  imder  a  symmetrical 
vertical  load;  hence  they  are  shown  by  dotted  lines  in  Fig.  25.  As  no  complica- 
tions arise  in  drawing  the  stress-diagram  <^  this  truss,  a  detailed  description  is 
unnecessaiy.  The  sides  of  the  stress-polygons  for  the  different  joints  are  as 
follows: 

For  joint  i:  oatad,do; 

For  joint  2:  ro,  od,  de,  er; 

For  joint  3:  ed,da,  ab,  bf^fe; 

For  joint  4:  fb,  be,  ch,  hf; 

For  joint  5 :  jt,  re,  </",  /i,  hs. 
ch  and  hs  coincide,  showing  that  the  compression  in  CH  is  equal  to  the  tension 
in  HS.    The  plus  and  minus  signs  in  Fig.  25,  as  in  all  the  other  diagrams, 
denote  compression  and  tension  respectively. 


28.    Truss   without   TSe-beam. 
diagram 


Fig.  26a. 
beam. 


Truss  without  Tio- 
Stress-diagram 


Trust  Without  Tie-Beam.  Enmple  z6.  Fig.  26  shows  a  truss  which  is 
neither  a  scissoss  truss  nor  a  hammer-beam  truss,  yet  this  form  can  be  made 
to  appear  similar  to  the  hammer-beam  truss  by  mserting  a  curved  brace  below 
joint  3,  and  replacing  the  pieces  OH  and  OW  by  curved  members.  There  is  no 
difficulty  in  drawing  the  stress-diagram  shown  in  Fig.  26a. 

The  Horizontal  Thrust  of  Scissors  Trusses.  In  the  examples  just  given 
it  has  been  assumed  that  the  reactions  are  vertical  and  consequently  that  there 
is  no  horizontal  thrust.  This  would  be  true  if  the  materials  composing  the 
frames  were  absolutely  rigid.  This  is  not  the  case,  however,  and  all  trusses 
built  along  the  geometrical  lines  of  their  shape  change  in  shape  after  the  full 
load  is  applied.  In  the  scissors  truss  this  changes  the  length  of  the.  span, 
making  it  longer  and  permitting  the  rafters  to  sag.  If  the  trusses  are  oon- 
stracted  with  a  camber  in  the  rafters  and  the  span  made  a  little  short,  the  ihrust 
against  the  supports  can  be  practically  eliminated  by  fastening  one  end  of  the 
truss  and  providing  for  a  movement  at  the  other,  so  that  when  the  full  roof  and 
criling-loads  have  been  placed  on  the  truss  the  span  will  have  its  correct  length. 
In  order  to  do  this  we  must  know  how  much  the  span  will  change  in  length 
under  the  full  load.    This  can  be  determined  in  the  manner  shown  in  the  foUow- 
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ing  example  and  by  referring  to  Fig.  26b.  Let  Diagram  i  represent  ft  dmple 
acissoss  isuss  loaded  as  shown  with  t  ooo  pounds  at  each  top-cfaonl  joint » 
and  let  the  left  end  be  assumed  to  rest  upon  roUers.  Then  both  reactkHis  will 
be  veidcal  and  the  stresses  in  each  monber  can  be  found  from  the  usual  stress^ 
diagram  shown  in  Diagram  s.  Let  5  be  the  stress  in  any  member  as  fouriid 
from  Diagram  2;  u,  the  stress  in  any  member  produced  by  one  pound  actbis 
horisontaUy  at  K  and  towards  L  as  found  ftom  Diagram  3;  A,  the  area  of  9ny 


Ftg.  26b.    Simple  Sensors  Truss  and  Stress-dkgxams 


member,  in  square  mches;  /,  the  length  of  any  member,  in  inches;  E,  Young*s 
modulus  of  elasticity  of  the  material  composing  any  member  and  D,  the  total 
CHANGE  IN  LENGTH  OF  SPAN  when  the  truss  is  subjected  to  its  full  load.    Then, 

Aae 

If  H  is  the  BOKizONTAL  FORCE  applied  at  K^  which  is  necessary  to  make  the 
value  of  Z>  -  o 

*  Tfae<»y  and  Practice  of  Modem  Framed  Structures,  Johnson,  Bryan  and  INiraeaoR 
John  Wiley  ft  Sons);  Roofs  and  Bridges,  Merriman  and  Jaooby  Jeha  WOey  k.  Sou). 
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The  detailed  calcuiatfons  lor  Fig.  SOb  are  given  hi  Table  XVII,  assumfaig  that 
all  membetB,  eioepting  FG^  are  composed  of  6  by  6-m  white  pine  timbers  with 
£  at  X  000  ooo  lb  per  sq  in,  and  that  FG  is  an  upset  round  steel  rod  having 
an  afeii  of  a^Ss  eq  in  with  B  equal  to  30  000  000  *  lb  per  sq  in  for  steel. 


Table  XVH.    Compntations  for  D  and  M  tot  m,  Paiticolar  Sdstort  Truss 


(I) 

Member 

(a) 
5, 

Dia- 
grams 

(3) 
A 

(4) 
5+A 

is) 
Diagrams 

(6) 

i 

<7) 
AB 

(8) 
AE 

AB 

BF 

CG 

DH 

EM 

BM 

EF 

FG 

GH 

+3i6« 

+SI0O 

+noo 
+3160 
-^560 
-a36o 
+  S00 

+  •« 

36 
36 
36 
36 
36 
36 
96 
o.7«S 
36 

87.8 
58.3 
58.3 
87.8 
65.S 
«S.5 

12. s 

+0.71 
+0.71 
+0.71 
+0.7X 
-1.S8 
-1.58 

0 
—1. 00 

0 

84.8 
84.8 
«4.8 
84.8 
xa6.5 
lae.s 
63.a 
80.0 
63.2 

0.00538 

0.00351 

0.00351 

o.oQsaS 

0.01316 

0.013x6 

0.0 

0.00673 

0.0 

o.oso6a 

0.00000118 

0.00000x18 

6.00000118 

0.00000118 

0.00000675 

0.00000875 

0.0 

0.COOOQ340 

0.0 

o«  00003502 

D  •*  0.0S062  hi  and  H  «  0.05062  +  0.00002562  -  X975,  or,  approximately, 
3  ooD  lb.  This  shows  that  the  span  would  lengthen  about  %o  in,  if  allowed  free 
movement  at  one  end*  or,  if  fixed,  there  would  be  a  BoaiKONTAL  roncE  of 
3  000  lb  tending  to  pttrfi  the  supports  out.  In  column  4  it  is  seen  that  the 
stresses  per  square  inch  are  only  about  one-tenth  of  those  permissible.  Assum- 
ing that  the  teftds  become  xo  000  lb  at  each  apex-joint,  the  horizontal  deflec- 
tion becomes  about  %  in,  and  the  hokizontal  ibsust  becomes  20000  lb. 
This  shows  oondusively  that  a  large  excess  of  material  must  be  employed  in  the 
SCISSORS  niTSS,  partiailarly  in  the  members  em  and  hm  which  contribute  over 
one-half  the  value  of  D  as  shown  m  colimm  7i  if  the  hokizontal  deflection  is 
to  be  made  so  small  that  its  effect  may  be  neglected.  As  stated  before,  if  the 
truss  b  permitted  to  deflect  horixontally  until  fully  loaded,  the  walls  or  supports 
win  have  sensibly  no  hobizontal  theust  to  resbt. 

Tho  H•]llae^-B6ftm  Truss.  As  usually  constructed  the  baioise-beam 
TEUSS  is  expected  to  exert  more  or  less  horizontal  pressure  at  the  supports; 
and  this  is  provided  for  by  heavy  walls  and  buttresses.  The  diagram  of  such 
a  truss  b  shown  in  Fig.  27,  in  which  the  curved  braces  usually  built  in  the 
middle  part  of  the  truss  are  not  shown,  as  they  are  considered  to  be  purely  orna- 
mental and  for  vertical  loading  have  no  stresses.  The  brace  OM  is  drawn  as 
though  it  were  straight;  but  a  corved  brace  may  be  used  instead,  without  alter- 
ing the  diagram.  The  stress  in  the  curved  piece  is  that  found  from  the  stress- 
diagram,  increased  by  the  bending  stress  due  to  its  curvature.  To  determine 
stresses  in  the  members  of  thb  truss  it  is  necessary  to  first  find  the  horizontal 
musr  of  the  truss  against  the  wall.  To  do  this  aH  the  tniss-meanbers  from 
joint  e  to  jdnt  4  are  considered  to  form  a  framed  brace,  or  assemblage  of 
nECES  supportmg  the  upper  portion  of  the  truss  at  joint  4,  or  a  single  brace, 
shown  by  the  btoken  hue  04,  Fig.  27,  b  assumed  to  have  the  same  effect  on  the 
wan  as  all  the  pieces  put  together  in  the  framed  strut;  that  is,  the  truss  is 

*If  29000000  n>  per  tq  b  is  uatd  for  tbe  value  of  £  for  ited  the  values  of  D  and 
IT  wiO  be  aUgfatly  changed.    See  Table  I,  page  664. 
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considered  to  have  the  same  hokizontal  thkust  as  the  trass  shown  in  its-  27a. 
The  load  at  joint  4  is  evidently:  la  000  lb,  plus  the  bad  at  joint  s,  plus  half 
the  load  at  joint  6,  plus  half  the  load  at  joint  2;  making  in  all,  36  000  lb.     To 

diaw   the   mmnoa- 
***®-  TAL  THRUST  and  the 

stresses  the  pnKc- 
dure  is  as  follows: 
ab  (Fig.  27b)  is  laid 
off  equal  to  the  load 
at  joint  2,  be  equal  to 
the  load  at  joint  4. 
cd  equal  to  the  load 
at  joint  5t  and  ii" 
equal  to  the  load  at 
jobt  6.  Then  the 
load  at  joint  4  (Fig. 
27a)  -»  H«6  +  ic  + 
ci+H  dd';  and  if  a 
horizontal  line  is 
diawn  from  x  to  the 
left,  and  tixxn  the 
center  of  a&  a  line 
parallel  to  the  line 
4-0  (Fig.  27i0  these 


H-<1 


1^1- *» 
Kg.  27. 
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Hammer-beam  Truss.    Truss-diagimm 


two  lines  will  intersect  at  m,  and  mx  is  the  maonitdde  07  thb  horizontal 
THRUST  exerted  on  the  wall  at  the  joint  o.  Having  obtained  this  thrust,  it 
is  eaqy  to  determine  the  stresses  in  the  pieces.    At  joint  o  the  four  forces  in 


FSg.27A. 


Fig.  27b. 
Tniaa.    Stzos-diagnm 


equilibrium  are  the  resistance  to  the  thrast,  mx,  the  vertical  supporting  force 
mn  and  the  stresses ao  and  otn,  closing  the  poljrgon.  At  joint  t^oa^af  and  fc  are 
the  stresses  in  OA^  AF  and  FO.  At  joint  3  the  stresses  are  mo,  of,  fg  and  gm; 
at  joint  2  they  are  fa,  ab,  bg  and  gf\  at  joint  4  the  stresse&^re  mg,^,  be  and  d» 
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closing  the  polygon.  It  will  be  noticed  that  the  polygon  closes  without  al 
ing  any  line  to  be  drawn  parallel  to  JM;  hence  there  is  no  stress  in  JM,  y 
vertical  loading.  When  there  are  wind-loads  there  b  some  compression  in  . 
and  this  member  is  a  necessary  part  of  the  truss.  At  joint  5  there  are  the  stre 
sc,  cd,  dk  and  hi,  and  at  joint  6.  hi,  dd',d'k'  and  k'kt  which  complete  the  stresses 
one-half  the  truss,  which  are  all  that  are  needed.    Comparing,  now,  the  diag 


»r» 


Fig.  28.    Suspended  Pratt  Trass.    ThnB-diagimin 


of  stresses,  Hg.  27b,  with  Fig.  26a,  it  is  seen  that,  in  general,  the  magnitu 
OF  THE  siBESSBS  in  the  truss.  Fig.  27,  are  much  less  than  those  of  the  stre 
in  the  truss.  Fig.  26;  while,  cm  the  other  hand,  the  latter  truss  may  be  so  c 
Btructed  as  not  to  exert  the  outwasd  thrust  on  the  walls,  exerted  by  the  ti 
shown  in  Fig.  27.  If  curved  members  are  introduced  between  joints  3  1 
12  and  XI  and  la,  they  should  be  lightly  secured  at  the  ends  or  the  stresses  del 
mined  in  the  manner 
outlined  for  the  sassoBS  € ^1_ 

TRUSS. 

Suspended  Pratt 
Truss.  Bxample  17. 
Let  Fig.  28  be  the 
truss-diagram  of  a  sus- 
pended Pkatt  truss, 
uniformly  loaded  at  top 
and  bottom,  with  1  tons 
at  each  joint.  The 
stress-diagram  b  drawn 
in  exactly  the  same  way 
as  for  a  Howe  truss, 
except  that  the  diagonals 
run  in  the  opposite  direc- 
tion. The  stresses  should  be  drawn  for  the  joints  in  the  order  in  which  tl 
are  numbered.  In  this  truss  the  verticals  are  in  compression  and  the  diagoi 
intension. 

Warren  Truss.    Bnmple  z8.    Fig.  29  is  the  truss-diagram  of  a  light  i 
Warren  truss  of  32-ft  span,  intended  to  support  a  tar-and-gravel  roof, 
slope  being  at  right-angles  to  the  Kne  of  the  trusses.    The  stress-diagran 
drawn  as  in  the  previous  examples,  taking  the  joints  in  the  order  in  which  t] 
axe  numbered. 

Double  Warren  Truss,  or  Lattice  Truss.    Example  19.    The  trussK 
giam  shown  by  Fig.  30  is  brat  analyzed  by  considering  it.  as  built  up  of  1 
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Fig.  29.    WanenTniiB.    Tnu^Ki^gnun 


Fig.  29a.    Waxren  Tnus.    Stress-diagmn 
8  f  9  S  4  9 


D^ 'i*  8.0 'T  4.0 '7.0  Span- 40  0  D,  «|.0t  4.0*7.0 

Fig.  30.    Double  Wanen  Tnias.    Tniss-diagxmm 
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Fig.  31.    Wanen  Tnus.    Tnia94U«rMi 
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^Waxsen  nussES,  laid  one  over  tbt  other*  the  full  lines  indicating  a  truss  such 
as  b  shown  in  Fig.  31,  and  the  dotted  lines  a  truss  as  shown  in  Fig.  32.  Three 
of  the  seven  loads  would  oome  <m  the  first  truss  and  four  on  the  second.    The 


afe  found  for  each  truss  separately 
and  then  combined  for  the  top  and  bottom 
chords.  Thus  the  stress  in  the  top  chotd 
from  t  to  3,  Fig.  30,  would  be  that  m  AD, 
Fig.  31,  or  3  tons;  from  3  to  5  it  Would  be 
equal  to  the  stress  in  AD,  Fig.  31,  plus  that 
in  BE,  Fig.  32,  or  9  tons;  from  5  to  7  it 
would  be  equal  to  the  stress  in  BP,  Fig.  31, 
phis  the  stress  in  BE,  Fig.  32,  or  13  tons, 
and  so  on,  the  stress  in  the  bottom  chord 
being  found  in  the  same  way.  The  diagonal 
struts  and  ties  act  independently  of  each 
other,  and  the  stresses  are  those  indicated  on  the  stress-diagrams.  The  plus 
signs  denote  tompieaeion  and  the  mmus  signs  tension.  In  Fig.  32  the  sides 
of  the  stress-polygon  for  joint  7  are  /e,  sb,  be,  and  ge,  which  closes  without 
any  nxmi  lor  a  Ime  parallel  to  GF,  showing  that  there  is  no  stress  in  the  two 


Fig.  SlA 


Stress- 


Fjf.a2.    Watted  Tfuis.    Truss-dlagfam 

inner  diagonals  except  that  due  to  the  weight  of  the  bottom  chord.  This  truss 
is  usually  ooftstnicted  of  steel  angles.  When  wood  is  employed,  three  or  four 
Wars^n  tkusses  afS  combined  fonning  the  laitice  truss  shown  in  Fig. 
19,  pige   1008.     It   is  entirely  unnecessary  to  use  graphical  methods  in 

detetmltiiiig  the  stiesies,  as  the  chords 
and  web-members  are  respectively  imi- 
form  in  size.  For  the  chords  the  maxi- 
mum bending  moment  divided  by  the 
distance,  center  to  center,  of  the  chords 
gives  the  designing-stress  for  the  chords. 
The  twa^^mnm  Vertical  shear,  usually  the 
reaction,  divided  by  the  number  of 
simple  Warren  trusses  combhied  gives 
the  vertical  component  for  which  the 
web-planks  are  designed .  This,  of  course, 
leads  to  a  waste  of  material  as  far  as 
resisting  stresses  is  concerned,  but  for 
stiffness  and  economy  in  labor,  the  extra 
This  truss  can  be  extended  indefinitely  by  giving  it 
(See,  also»  pages  1008  and  1009.) 

>  ae.    Fig.  33  is  the  truss-diagram  of  a  truss 


ifsf 


Fig.  32a.    WaOeo  Truss.    Stress-dia- 


material  is  Weil  used, 
sufficient  height  for  the  span. 

QnadfAnglilar  Truss, 
simikr  ta  thtt  ahown  in  Fig.  69,  Chapter  XXVI,  the  panel-loads  being  taken  at 
2  tons  each,  and  the  atla^rais  bcisg  Uic  Same  for  any  othtf  loads.    The  i 
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dia^iam  is  drawn  exactly  as  in  the  previoiis  examples,  commencing  with  the 
supporting  force  oa  and  considering  the  joints  in  the  order  in  which  they  are 
numbered.  In  this  truss  the  diagonal  web-members  are  all  in  tension  and  the 
verticals  in  compression.  It  will  be  noticed  that  the  inclination  of  the  diagonals 
in  the  two  paneb  nearest  the  middle  of  the  truss  b  opposite  to  that  of  the  diagonals 
in  the  outer  panels.  This  is  due  to  the  inclination  of  the  top  chord,  which  causes 
compressive  stresses  in  the  inner  diagonals  when  they  incline  the  other  way. 
The  stress  in  LAf ,  however,  is  sosmall  that  a  single  steel  angle  resists  either  a  com* 


Fig.  85.    Quadnagular  T^uis.    Tmss-diagnun 

preasive  or  tensile  stress.  The  truss  shown  in  Fig.  34  is  very  similar  to  that  shown 
m  Fig.  33,  the  principal  difference  bdng  that  the  sbpe  of  the  top  chord  is  less 
in  the  former  Uian  in  the  latter.  In  Fig.  34,  the  diagonals  in  the  two  middle 
panels  only  incline  from  the  top  of  the  middle  vertical,  and  the  stress  m  these 
diagonals  is  very  small.  With  a  still  less  inclination  to  the  top  chord,  the  stress 
in  NR  becomes  sero;  and  with  a  horizontal  top  chord  the  character  of  the  stress 
in  NR  u  reversed.  To  keep  it  in  tension,  its  direction  should  be  changed,  as  in 
the  Pratz  Tftuss,  Fig.  28.  Comparing  the  stresses  in  these  two  trusses,  it  is 
seen  that  while  the  stresses  in  the 
end-panels  are  less  in  Fig.  34a  than  in 
Fig.  33a,  the  stresses  m  the  chords  at 
the  middle  are  oonsidenbly  greater. 
As  a  rule,  the  less  the  height  of  a 
truss  in  proportion  to  the  span,  the 
greater  the  stresses  in  the  chords, 
especially  at  the  middle  of  the  truss. 
Qaadrangiilar  Truss.  Example 
az.  Fig.  35  is  a  truss-diagram 
similar  to  the  truss  shown  in  Fig.  66, 
Chapter  XXVI.  The  truss-diagram 
is  drawn  as  in  the  previous  examples, 

except    that    in    this    case,    as    the    ^V*  ^^     Quadrangular 
bottom   chord  has  diflfcrent  inclina-  diagram 

tions  in  the  different  panels,  the  stress-lines  do  not  lie  over  each  other,  but 
radiate  from  o,  the  lines  m  the  stress-diagram  being  parallel  to  the  corresponding 
Unes  in  the  truss<liagram.  In  this  truss  the  character  of  the  stresses  in  the 
diagonal  web-members  is  reversed  in  the  two  panels  nearest  the  middle.  Thus 
the  sides  of  the  stress-polygon  Cor  joint  4  are  Ik,  kb,  he,  cm  and  in/,  the  stress  wi 
acting  from  the  jomt  and  hence  denoting  tensbn.  At  joint  8  the  sides  of  the 
stress-polygon  are  r^,  pd,  de,  es  and  tr,  the  latter  line  acting  towards  the  joint* 
and  hence  denoting  compressbn.  Under  irregular  loading,  the  character  of 
the  stxess  in  SR  would  probably  be  leversed,  so  that  the  piece  would  be  in  tea- 
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lion  instead  oi  in  oompreaBion.  The  itmses  in  memlMiBol  tnnKt  IilLe  Flam.  33^ 
34  and  36  should,  therefoRp  always  be  Gomputed  lor  snow  on  onaJialf  ai  tba 
truss  only  and  also  for  wind-pressore. 

Quadrangular  Trass.  Bsample  as.  In  Fig.  36  is  shown  the  dJagnun  of 
the  truss  illustrated  in  Fig.  65,  Chapter  XXVI.  This  truss  is  similar  to  tlut 
shown  in  Fig.  34,  except  for  the  secondary  bradng  in  the  peneb  and  for  the 
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Fig.  30.    Qnadraagulsr  Thus.    Tnns-disfram 


curved  bottom  chord.  The  stress-diagram  presents  no  difBcuittes.  In  drawing 
the  lines  from  o  parallel  to  the  members  of  the  bottom  chord  the  htter  abouU 
be  considered  as  made  up  of  straight  Unes  connecting  the  joints.  Thus  ms  is 
drawn  parallel  to  an  imaginary  straight  line  connecting  joints  8  and  4.  Aa  then 
is  no  load  over  the  center  of  the  two  panels  next  to  the  middle  of  the  truiB»  there 
are  no  stresses  in  the  truss-members  between  X  and  /  and  /  and  //.    When 

the  bottom  chord  is  straight, 
fai  Fig.  34,  there  is  no 
hi  KF';  but  when  the 
chord  is  curved,  a  ffnsionat 
stress  develops,  fai  YY',  the 
magnitude  of  this  stress  bekig 
hidicated  by  y/  (Fig.  36a). 
When  the  diagram  is  cxim- 
pleted  for  the  entire  tiuas^  it 
is  symmetrical  about  a  hori- 
aontal  line  drawn  tfanmi^  0. 
Bowttring  Truss.  Baunple 
33.  Tlie  span  of  this  truss  is 
90  ft;  the  distance  between 
trusses  from  centers,  so  ft; 
and  the  rise  of  the  arched 
rafter  or  upper  chord,  m  ft. 
The  fonn  of  truss  represented 
in  Fig.  37  is  one  of  the  most 
economical  for  very  great  spans.  In  trusses  similar  to  the  one  explained  in  this 
example,  the  top  chord  is  curved  and  is  the  only  piece  that  is  in  oorapressloD. 
All  the  other  members  are  in  tension.  Under  a  steady  load  only,  sudi  as  the 
weight  of  the  roof  itself,  the  diagomils  drawn  with  solid  Unes  and  pkoed  as 
shown  in  Fig.  37  are  all  that  are  needed;  but  when  there  ia  a  severe  wind-pres- 
sure on  one  side  of  the  roof  only,  it  is  necessary  to  have  the  additional  set  of 
diagonals  shown  by  the  dotted  lines,    Theaa  covHtKKMuwss,  aa  they  are 


Fig.  S6a.    Quadrangular  TVuss. 
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called,  formiog  the  additional  set,  are  not  stressed  when  there  is  a  vertical  load 
only  and  they  are  omitted  in  drawing  the  stress-diagram.  To  draw  the  stress- 
diagram,  the  loada  are  laid  off  on  a  vertical  line,  as  in  all  the  previous  examples, 
the  point  o  being  half-way  between  t  and  ef  (Fig.  37a).  m  is  the  suiHIXirting 
force  at  joint  x.  In  drawing  the  stresses  at  the  different  joints,  those  at  jomt  x 
are  first  drawn  and  then  those  at  joints  3,  3>  A*  5>  etc.,  in  the  order  in  which  they 
are  numbered  (Fig.  37).    In  the  stress  diagram,  oa,  equal  to  the  supporting 
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Fig.  37a.    Bovatting  Truss.    Stress-diagram 


force  at  joint  x,  is  known  and  from  a  a  line  is  drawn  parallel  to  AG,  and  from 
o  a  line  parallel  to  GO.  These  two  lines  intersect  at  g.  The  lines  repre- 
senting the  stresses  in  the  curved  members  of  the  truss  are  drawn  parallel 
to  straight  lines  connecting  the  two  ends  of  each  curved  piece.  Thus  ag  is 
drawn  parallel  to  x-3  and  og  parallel  to  1-2.  At  joint  2,  og  is  known,  gh  is  drawn 
parallel  to  GH  and  ko  parallel  to  HO.  At  joint  3,  hf  and  ga  have  been  dmwn, 
the  load  ob  is  known  and  H  and  ik  are  drawn.  At  joint  4,  ok  and  hi  have  been 
drawn,  and  ik  and  ko  are  next  drawn  to  dose  the  polygon.  The  atresfhlines  for 
joints  6  and  8  are  drawn  in  a  similar  way,  and  those  for  5,  7  and  9  similarly  to 
those  at  joint  3.  After  drawing  the  stress-lines  for  joint  9,  joint  10  is  next  con* 
aidered;  and  after  the  stress-lines  for  that  joint  are  detennmed  the  stresses  in 
all  the  members  of  the  truss  are  known.  The  stresses  in  this  particular  example 
are  given  in  pounds  on  the  respective  lines  in  the  stress-diagram.    It  will  be 
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noticed  that  the  stresses  are  veiy  great  in  the  top  and  bottom  chords*  but  veiy 
small  in  the  bracing.  The  Utter  stresses  are,  in  fact,  so  small  that  it  is  just  as 
well  to  make  all  the  diagonal  braces  the  same  size  and  of  dimensbns  sufficient 
to  resist  the  stress  in  IH^  which  has  the  greatest  stress;  or  IH  and  KL  may  be 
made  the  same  size  and  MN  and  PR  a  smaller  size.  The  verticals  or  radiating 
pieces  may  all  have  a  sectional  area  sufficiently  huge  to  safely  resist  the  stress 
in  NP,  The  great  advantage  of  this  truss  lies  in  the  fact  that  all  its  parts  are 
in  tension  excepting  the  upper  chord,  which,  of  course,  is  in  compression.  The 
manner  in  which  stresses  act  may  be  described  in  general  by  saying  that  the 
upper  chord  carries  all  the  load,  like  an  asch,  and  is  prevented  from  spreading 
out  at  the  ends  by  the  bwer  tie;  and  that  the  object  of  the  bracing  and  the 
vertical  pieces  is  only  to  keep  the  bottom  chord  in  its  curved  position. 

Tmtses  Uasymmetrically  Loaded.    Now  that  the  principles  have  been 
explained  according  to  which  the  stress-diagrams  may  be  drawn  for  several 


Fig.  38.    Unsymmetrical  Truss.    IVuss-dUgnun 


Fig.  38a.    Unsymmetzkal 
Truss.    Force-polygon 


forms  of  trusses  syiocetrically  XjOADEd,  it  may  be  well  to  consider  the  subject 
in  a  more  general  manner.  It  will  now  be  assumed  that  there  are  no  restrictions 
as  to  SYiCHETKY  in  the  form  of  the  truss  and  its  loading;  and,  furthermore,  it 
will  not  be  assumed  that  all  of  the  k>ads  act  as  vertical  forces  as  in  the  problems 
just  solved.  Fig.  38  shows  an  unsymmetrical  truss  unsymmetrxcallt 
LOADED  and  with  k>ads  or  forces  whidi  are  not  parallel.  In  the  previous  problems 
the  supporting  forces  or  reactions  have  been  equal  and  each  equal  to  one-half 
theload.  In  this  problem  such  is  not  the  case.  The  first  step,  tl^n,  is  the  i 
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ifiNATiON  OF  THE  REACTIONS^  If  the  tiuss  remains  in  position  it  foUows  that 
all  the  forces  acting  upon  the  truss,  such  as  the  loads  and  reactions,  must  be 
in  equiubrium;  also  since  by  definition  a  truss  must  act  as  a  beam,  the  truss 
may  be  replaced  by  a  beam  in  considering  the  outside  forces.  In  Fig.  38, 
prolong  the  lines  representing  the  direction  of  the  forces,  as  shown,  until  they 
cut  the  line  ST  and  assume  5r.to  be  a  simple  beam  loaded  with  the  forces  AB, 
BCt  etc  Beginning  with  AB,  to  some  convenient  scale  lay  off  the  forces  in 
order  as  shown  in  Fig.  38a.  The  broken  lin^  VU  represents  the  forces  in  magni- 
tude and  direction.  For  equilibrium,  forces  equivalent  to  UV  are  required. 
This  is  evident  when  we  remember  that  the  algebraic  sum  of  the  vertical  and 
horisontal  components  of  ail  the  forces  acting  must  respectively  equal  zero. 
Assuming  that  the  supports  at  5  and  T,  Fig.  38  are  amtlar  in  every  respect  we 
may  assume  that  the  reactions  Ri  and  Rt  act  m  the  same  direction  and  that  they 
are  parallel  to  l/K.  Thb  does  not  determine  the  magnitudes  of  iSi  and  i^s.  These 
may  be  found  as  follows:  In  Fig.  38A,  assume  any  point  W  and  draw  the  lines  i, 
3,  3,  etc^  In  Fig.  38,  starting  at  any  pomt  on  Ri  draw  the  line  i  parallel  to  the 
line  I  in  Fig.  38a,  and  extend  it  tmtil  it  cuts  the  direction  or  line  of  action  of  the 
force  ABb&  shown;  from  this  point  draw  a  line  parallel  to  2  in  Fig.  38a,  and  extend 
it  until  it  cuts  the  direction  of  BC  as  shown,  and  so  continue  until  line  6  is  drawn 


Fig.  38b.    Unssrmmetikal  Truss.    Truss-diagnun 


cutting  Rt,  Draw  line  7  in  Fig.  38  and  then  in  Fig.  38a  draw  a  line  parallel  to 
this  from  W  until  it  cuts  UV.  This  point  divides  UV  into  two  parts,  the  upper 
being  the  magnitude  of  Ri  and  the  lower  the  magnitude  of  Rt.  No  tipuble  will 
be  experienced  in  applying  the  above  method  if  the  following  rule  is  obeyed  to 
the  letter.  In  Fig.  38,  the  parallels  to  any  three  lines  in  Fig.  38a  which  form  a 
triangle  must  meet  in  a  point.  For  example,  in  Fig.  38a  lines  i»  2,  and  Ft, 
or  ab  form  a  triangle,  and  in  Fig.  38,  their  parallels  meet  in  the  point  X»  In 
this  method  it  is  not  necessary  that  the  forces  AB,  BC,  etc.,  be  used  in  order  in 
Fig.  38a,  but  considering  them  in  order,  on  a  simple  beam,  makes  the  graphical 
oonstruction  in  Fig.  38  less  complex  and  avoids  many  chances  of  error.  The 
method  outlined  above  is  general  and  can  be  used  for  forces  acting  in  any  direc- 
tk>n.  If  the  forces  are  parallel  then  the  k>ad-line  ab,  be,  ce,  etc.,  in  Fig.  38a,  and 
the  line  UV  will  coincide;  but  the  method  of  procedure  remains  unchanged. 
Now  that  all  the  forces  acting  upon  the  truss  have  been  determined,  for  con- 
venience, they  will  be  shown  in  character,  in  Fig.  38b,  and  the  stresses  in  the 
members  composing  the  truss  will  be  found.  First  lay  off  the  forces  in  exact 
Older  to  see  that  they  form  a  closed  figure,  which  must  be  the  case  if  they  are 
in  equilibrium.    The  lines  with  arrow-heads  in  Fig.  38c  show  this  constructxni. 
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which  checks  the  values  of  Rx  and  Rt  obtained  above.  This  figure  remains  the 
same  regardless  of  the  interior  arrangement  of  the  truss.  The  construction  of 
the  stress-diagram  follows  the  methods  given  in  the  previous  examples  until 
point  3  is  reached.  Here  there  are  three  unknowns,  CM,  ML  and  LK,  and  it 
cannot  be  assumed  that  ML  is  the  same  as  JK,  as  was  done  in  examples  lo  and 
X  t .  Let  the  truss  be  cut  as  shown  in  Fig.  38d,  and  the  actual  stresses  in  the  cut 
pieces  assumed  to  act  against  the  cut  ends,  then  the  frame  shown  in  Fig.  38i> 
and  the  forces  J?i,  AB,  BC,  CE,  EN,  NO,  OG  and  GH  wiU  be  in  equilibrium. 


Fig.  38c.    Unsymmetiical  Truss.    Stress-diagram 


Fig.  38d.    Unsymmetricd ' 
Thfis-diagFams 


^ 


Q 

FSg.lf88ft.    Unsyimnetrical 
ttuas.    Foicts  at  Joint  8 


-»^ 


The  frame  may  be  of  any  form  as  long  as  it  is  rigid  96  the  bracing  may  be  changed 
as  shown  in  Fig.  38d  and  the  stress-diagram  proceeded  with  as  in  Fig.  38c, 
until  the  stresses  in  EN,  NO  and  OG  have  been  found.  This  will  locate  the 
point  O.  Returning  to  Fig.  38b,  it  is  found  that  at  joint  4  all  the  stresses  but 
KL  and  LO  are  known;  hence  these  can  be  found  in  the  usual  manner.  Joint  3 
is  next  considered  and  so  on  until  the  diagram  is  complete.  The  line  qf  in  Fig. 
38c  will  pass  through/  if  the  work  is  correct.  Although  the  method  for  deter- 
mining the  CHARACTER  OF  THE  STRESSES  has  been  explained,  it  will  be  jrepeated 
here  in  a  more  general  manner.    Take,  for  example,  joint  8,  in  Fig.  38B,  wfaidi 

is  in  equilibrium  under  the 

action  of  the  stresaes  go, 

op,  pq  and  qg,  as  indicated 

in  Fig.  38£.    The  stress- 
diagram  for  this  joint  is 

shown  in  Fig.  88f,  separ 

rated  from  Fig.  SSc.  It  is 
assumed  that  the  stress  in  GO  is  tension.  Then  in  Fig.  38f,  starting  at  g  we  ky 
off  go,  op,  pq  and  qg,  placing  the  arrow-heads  as  shown.  Transfenrifig  these 
axTow-h^s  to  the  ezKls  of  the  cut  pieces  in  Fig.  38E  indicates  at  once  the 
KIND  ov  STRESS.    The  ioIk>wing  examples  illustrate  the  above  methods. 

Uoymmetrlcfllly-kNided  Truss.  Bxample  34.  Fig.  39  represents  the  dk- 
gram  of  a  truss  sindkr  to  that  shown  in  Fig.  1,  but  of  a  greater  span  and  having 
a  gallery  supported  from  it  at  one  side  only.  The  approximate  roof  and  oeifiRg- 
kuuk  are  indicated  by  the  figures  near  the  arrows,  and  the  weight  coaxtag  00 
one  truss  from  the  gaUety  would  be  about  9  000  lb.  The  first  step  towards 
drawmg  the  stress-diagram  b  to  detennfaie  the  reactions  at  the  two  ends  «C  the 
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Fig.    38p.    Piti^mmeUkal 
TniiB.    StxCBHM^rfOB  . 
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truss,  which  will  give  the  supporting  forces.  Hiis  is  readily  done  in  this  example 
by  the  iCEtEOD  or  hoiients  explained  on  pages  3aa  to  324-  Moments  are  first 
taken  about  Jomt  t.  As  the  loads  at  joints  2  and  3  have  the  same  arm,  they 
are  added  together  before  multiplying  by  the  arm.    The  loads  at  johits  4  and  5 


Fig.  3$.    King-rod  Ttun.    Tnias-disgrBm  and  Bquilibrimi-polygon 


PSg.  30a.    King-rod  TVuss.    Stress-diagram 

and  At  Joints  6  and  7  are  treated  the  same  way.  The  moments  about  Jofait  i  will 
then  be: 

1(8  000+  4  $00+  9  000)  -  31  500J lb  X  X2%  ft  -     268  750  ft-1b 
1(8  000+ 4  500)  -i2  50o|tbX35     ft-     3r2  5ooft-lb 

1(8000+4500)  -i2Soo)lbX37Hft-     468  7Soft-lb 

The  som  of  the  moments  -  zosooooft4b 

The  sum  of  these  clockwise  itoiittrrs  about  Johit  r  must  be  balanced  by  the 
coN«A-ctoc»wtSE  uouxKt  of  lU,  the  tevER-AMc  of  wbldi,  with  reference  to 
johkt  t,  h  so  ft.  Knowing  the  arm,  50  ft,  the  force  Rt  is  obtained  by  dividing 
the  sum  of  the  moments  of  the  loads  by  the  spttn.'   Dividing  i  050  000  ft-lb  by 
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50  It,  the  result  is  21  000  lb,  whidi  is  the  reaction  or  supporting  force  at  joint  8; 
and  Ri  must  equal  the  difference  between  the  sum  of  the  loads  and  R9.  The 
sum  of  the  loads  is  46  500  lb  and  subtracting  from  this  ai  000  lb,  the  remainder. 
25  500  lb,  is  the  value  of  Ri.  The  stress-diagram  (Fig.  39a)  may  now  be  drawn. 
First  draw  a  vertical  line  oa  equal  to  Ru  as  500  Vb.  From  a  and  0  draw  fines 
parallel  respectively  to  AE  and  £0,  locating  the  point  e.  For  the  stress-lines 
at  joint  3  measure  up  from  0  a  distance  equal  to  the  load  at  that  joint,  13  500  lb, 
which  gives  the  point  f ,  and  from  e  and  r  draw  lines  parallel  to  EF  and  FR, 
which  intersect  at  /.  At  joint  3,  the  sides  of  the  stress-polygon  are  /«,  ea,  ah^ 
hg  and  gj.    Draw  the  stress-polygons  for  joints  4,  5,  and  6  in  the  order  in  which 
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Ftg.  40.    Unaymmetrical  Truss.    Tniss-diagnun  and  Eqoillbrium-polygoo 


they  are  numbered.  At  joint  6  the  sides  of  the  stress-polygon  are  f^  Ac,  ctf,  dj 
and  ji.  If  the  diagram  has  been  correctly  drawn,  the  line  ij  will  be  just  equal 
to  the  load  at  joint  7*  The  sides  of  the  stress-polygon  for  joint  7  are  if  equal  to 
4  500  lb,  si,  v  andj/,  the  only  line  to  be  drawn  being  j/,  which  must  be  parallel 
to  JT,  Consequently  j  must  be  exactly  opposite  /,  or  the  polygon  will  not  ciose. 
The  dbtance  dt  should  be  equal  to  Ri. 

Untymmetrically-loftded  Truss.  Raample  as*  Fig.  40  »  the  diagram  of 
a  woodenTroof-truas.  The  actual  loads  were  about  as  given  on  the  diagram. 
There  were  purlins  at  joints  3  and  5  only,  and  the  ceiling  bebw  was  suspended 
by  rods  from  joints  4  and  7,  joint  4  being  fixed  by  the  framing  of  the  ceiling, 
llie  moments  of  the  loads  about  joint  x  are: 
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3  30oIbX   S^ft-    27  30oft-lb 
5  50olbXi5Vift-   85  25oft-ib 

4  lOO  lb  X  19     ft  -   77  900  ft-Ib 
'  5  500  lb  X  34     ft  ••  133  ooQ  ft-lb 

Sum  of  momeDts   »  322  350  ft-lb 

Dividing  the  sum  of  the  moments  by  the  distance  between  the  supporting  forces, 
there  results  9  768  lb  as  the  value  of  ^2. 
The  sum  of  the  bads  b  18  300  lb.  Sub- 
tracting 9  768  lb,  8  533  remains  as  the 
value  of  Ri»  To  draw  the  stress-diagram, 
start  with  (/'a  equal  to  8  532  lb  equal 
to  Ri  and  draw  ae  and  eo*'.  The  sides  of 
the  stress-polygon  for  johit  2  are  ea,  ab,  bf, 
/e'  and  ee*.  At  joint  3,fb  is  known  and 
be  is  measured  down  and  made  equal  to 
5  500  lb.  cf  and  gf  are  then  drawn.  At 
joint  4,  start  by  meastuing  upwards  from 
c,  4  100  lb,  locating  point  </  and  draw  gk 
and  ko'.  At  joint  5,  kg  and  gc  are  now 
known,  cd  equals  5  500  lb  and  a  line  from  d 
is  drawn  parallel  to  DH.  This  should  pass  through  A,  completing  the  diagram. 
The  stress  in  rod  2-7  is  the  load  at  joint  7 .     . 


4QA.       Unsymmetrical 
Stresa-diagram 


Truss. 


Rr"^, 


Fig.  41.    Unsymmetrical  l^uss.    Tru8s-<Bagnun  and  Equilibriimi-pobrKOO 

UnsynunetricaUy-loaded  Trass.  Sample  a6.  Fig.  41  b  the  truss^iagram 
of  another  truss  in  the  same  buikiing  in  which  the  truss  shown  in  Fig.  40  was 
used.    Taking  moioents  about  joint  i,  there  resultSi  for  the  sum  of  the  moments^ 
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41a.       Unsynunetrical 
StxeaB-dia^imm 


1.. 


Ttun. 


406  050  ft-Ib;  and  dividing  this  by  33  it  givn  12  304  lb  as  the  value  of  Rs.  The 
sum  of  the  loads  is  28  600  lb,  which  leaves  16  296  lb  for  the  value  of  ^1.  Tbc 
stress-diagram  Fig.  41a,  is  drawn  in  the  same  manner  as  in  Fig.  40.  Starting 
with  o"a  equal  to  i^i,  06  is  drawn  equal  to  the  load  at  jdint  2,  and  the  actual 
stress  in  £F  is  6  000  lb,  or  the  length  of  the  line  <^.  If  the  stzes8^diag;iam  Is 
correctly  drawn,  a  line  through  d  parallel  to  KD  will  pass  through  the  point  k, 
previously  detennined.    The  character  of  the  stresses  is  indicated  by  the 

FLUS  AMD  MINUS  SIGNS  m  F|g.  41,   pluS 

denoting  compression.  If  the  strcasnlia- 
grams  m  the  last  three  emmplrs  are 
compared  with  those  for  symmetrically 
loaded  trusses  of  similar  shape  it  is  found 
that  while  the  stre^-diagrams,  Figs.  39a. 
40a  and  41a,  are  unsymmetrical,  they 
are  of  the  same  general  character,  and 
the  stresses  are  all  of  the  same  kind  as 
when  the  supporting  forces  are  equal 
This  condition  holds  true  for  most  trian- 
gular  trusses,  but  for  trusses  with  hori- 
zontal or  curved  chords^  unaymmetikal 
loading  usually  causes  a  reversal  oy  the  stress  in  kind  in  one  or  more  of  the 
diagonals  or  verticals;  and  if  the  truss  contains  any  four-sided  panels,  an  addi- 
tional diagonal  is  generally  required.  This  is  particularly  true  of  the  Hows 
truss;  and  as  this  truss  is  yery  extensively  used  by  architects  and  builders,  it 
will  now  be  considered  at  some  length  with  special  reference  to  the  effect  of 
unsykmetrical  loading. 

Howe  Tmtses,  UnsyinmetrlcaUy  Loaded.  When  a  Howe  truss  is  loaded 
symmetrically  on  each  side  of  the  middle,  all  of  the  braces  incline  downward 
from  the  center,  as  in  Figs.  14  to  17,  Chapter  XXVI;  and  if  there  la  an  odd 
NUMBER  OF  PANELS,  the  middle  panel  needs  no  brace.  When  a  load  of  much 
magnitude  is  placed  on  one  side  of  a  truss  having  an  odd  number  or  panels 
without  a  oorreqx>nding  load  on  the  other  side,  a  brace  is  always  required  in 
the  middle  panel  and  the  brace 

should  incline  downward  from  the              4   ce     i  1/      t         i  f 

side  which  is  most  heavily  loaded.  *-? — ^-^ — ^ i ^ 

Howe  Tmes  with  Even  Num- 
ber of  PaaeU.  When  the  truss 
has  an  even  number  or  panels, 
an  unsymmetrical  load  causes  a 
greater  stress  in  the  braces  on 
one  side  of  the  truss  than  on  the 
other;  and  if  there  is  a  sufficient 
difference  in  the  loads  on  the  two  sides  of  the  truss,  it  causes  compressive  stresses 
in  one  or  more  of  the  rods  and  tensile  stresses  in  one  or  more  of  the  braces^  As 
this  tru^i^is  espi^ially  designed  with  the  idea  of  having  the  braces  in  coh- 
F9£&ioN  and  the  veInocals  in  tension,  whenever  the  loading  causes  tcnsioD 
in  a  brace,  or  compressi<Mi*ihsMB^^e  direction  of  the  brace  should  be  reversed, 
causing  it  to  be  in  compression  a^idv.  Consider,  for  example,  the  truss  shown 
in  Fig.  42,  divided  into  6  panels  of  eqdid  width  and  loaded  with  4  tons  at  each 
of  the  upper  joints  and  9  tons  at  the  second  lower  joint  from  the  left.  Wtb- 
Qut  the  bottom  load  of  9  tops,  the  brace^in  the  third  pMiel  should  indiae  down- 
wanl  from  the  middle  joint,  as  shown  by  dotted  line  at  B;  but  when  the  load  of 
9  tons  is  added,  it  causes  a  tensile  Btre^  in  Band  a  axnpmiiyeitnfia  is  ^   Ta 


Fig.  42.    Hovre  Truss.    Thias-diaffnoi 
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avoid  this,  the  nmEcnoN  Of  tbx  bracb  m  bbvsssed,  as  shown  by  the  full  Une. 
It  I*  thn  in  oomprMiion  and  the  vortical  A  baa  no  itreta  eacept  that  earned  by 
the  diroct  load  of  9  tons.    There  are  the  aame  results  when  the  load  of  9  tons 
b  applied  at  the  joint  directbr  above,  bstead  of  at  the  lower  joint,  although  in 
this  caae  there  is  no  stress  at  all  in  ^  eicept  that  due  to  the  weight  of  the  tie-beam. 
When  the  load  of  9  tons  is  reduced  to  6  ton^  no  brace  is  required  in  the  third 
panel;  and  when  the  bottom  load 
is  leas  than  6  tons,  a  brace  in  the 
normal  direction  is  required,  as 
shown  in  Fig.  43.    (See  page  1Q06.) 
How«  Truag    with   Uneven 
Number  of  Panels.    In  the  five- 
panel  truss,  shown  in  Fig.  44,  a 
load  of  7.5  tons  at  A  reqoiies 
the  arrangement  of  braoes  shown 
by  the  full  lines,  and  when  the  bad  at  yl  is  increased  to  more  than  15  tons, 
the  brace  R  needs  to  be  reversed,  as  shown  by  the  dotted  line.    The  stress- 
diag;ram  always  shows  in  which  direction  any  brace  should  be  placed  to  be  in 
compressiob;  but  this  may  be  determined  also  by  the  following  ruk.    When  the 
sum  of  the  loads  to  the  left  of  any  section,  taken  between  Ri  and  the  middle,  is 
greater  than  the  reaction  Ru  the  direction  of  the  brace  cut  by  that  section  must 
be  reversed  from  its  normal  direction.    When  the  sum  of  the  loads  is  less  than 
Ri  the  brace  should  be  in  its  normal  position.    When  the  sum  of  the  loads,  to 
the  left  of  the  section,  is  just  equal  to  Ru  no  brace  is  required.    For  example, 

consider  a  section  at  x,  Fig.  44.  Here 
the  sum  of  the  loads  to  the  left  is  10.5 
tons,  which  sum  is  less  than  R^; 
hence  the  brace  should  be  m  its 
normal  direction.  If  the  section  is 
at  y,  the  sum  of  the  loads  to  the 
left  is  13.5  tons,  which  sum  is  greater 
than  Rii  hence  a  braoe  is  required, 
slanting  downward  from  the  more 
heavily  loaded  side.    When  the  sec- 


Fig.  44.    Howe  Truss.    Tnos-diagxam 


tion  is  at  ar,  Fig.  42,  the  load  to  the  left  is  4  tons,  an  amount  less  than  Ri; 
hence  the  brace  in  that  panel  should  be  in  its  normal  position.  When  the  sec- 
tbn  is  at  y,  the  sum  of  the  loads  is  greater  than  Ri',  hence  the  brace  in  that 
panel  must  be  reversed.  When  the  section  is  at  y.  Fig.  43,  the  sum  of  the 
loads  to  the  left  is  less  than  Rx;  hence  the  brace  should  be  in  its  normal  posi- 
tion. By  this  rule  the  proper  direction  of  the  brace  hi  any  panel  Is  mdlcated, 
regardless  of  the  complication  of  the  loadfaig  and  of  the  width  of  the  panels;  but 
in  applying  the  rule,  it  is  first  necessary  to  determine  the  supportmg  forces, 
whidt  can  be  found  either  by  the  uethod  of  icoiceiits,  as  exphdned  m 
Example  24,  or  by  the  graphical  uethod. 

Unsymmetrical  Howe  Trusi.  Example  s7.  As  an  example  of  an  unsym- 
metrical  Howe  thuss  unsymmetrically  loaded,  the  truss  represented  in  Fig.  45 
is  considered.  This  tryss  is  supposed  to  support  a  flat  roof  and  a  wooden  tower 
located  as  shown.  The  position  of  the  tower  necessitates  a  division  of  the  panels 
as  Indicated,  so  that  the  truss  is  quite  unsymmetrical.  It  is  assumed  that  the 
weight  of  the  roof,  snow,  and  tower  constitute  the  loads  in  pounds  at  the  upper 
joints,  indicated  by  the  figures.  The  graphical  determination  of  the  reactions 
and  stresses  is  clearly  shown  in  Figs.  45  and  45a.  The  only  panels  of  this  truss 
io  which  there  is  any  question  as  to  the  direction  of  the  braces  are  the  third  and 
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fourth.  Taking  a  section  at  x,  the  sum  of  the  loads  to  the  left  is  greater  than ; 
Ril  hence  the  brace  should  be  placed  as  drawn.  A  sectbn  taken  thiouffh  C ' 
makes  the  sum  of  the  kads  to  the  left  less  than  Rt;  and  hence  the  brace  should  j 
be  in  its  normal  posttbn.  The  stress^iagnun  of  this  truss  is  readi^  drawn,  | 
starting  with  wa  equal  to  Ri,  and  going  from  joint  to  joint  as  in  previous  exam-  ! 
{des.    The  completed  stres8<liagram  is  shown  m  Fig.  46a. 


****^' 


Fig.  45.    HoweTrun.    Tniu-diagiam 


Fig.  45a.    Howe  TTuss.    Stiess-diagram 

Coimterbnicea.  These  are  extra  braces  that  are  pat  in  a  truss  when 
stresses  are  kevexseo  in  chasacter  by  a  bad  which  may  be  applied  for  a  time 
and  then  removed.  For  illustratk>nf  consider  the  truss  represented  in  Figa.  42 
and  43.  Here  it  has  already  been  shown  that  when  the  load  at  A  is  less  than  6, 
the  brace  in  the  third  panel  should  be  in  the  position  shown  in  Fig.  43;  while* 
when  the  bad  is  greater  than  6,  the  brace  shoukl  be  in  the  positbn  shown  by 
the  full  line,  Fig.  42.  Now,  if  the  bad  at  A  represents  the  weight  of  a  crowded 
gallery  or  a  hoist  raising  a  heavy  bad,  or  in  fact  if  it  represents  any  live  bad, 
it  is  evident  that  when  this  live  bad  b  absent  the  brace  in  the  third  panel  should 
be  in  its  normal  positbn;  and  that  when  this  maximum  bad  is  present  a  brace 
b  needed  in  the  opposite  direction.  As  it  is  not  practicabb  to  move  the  brace 
to  suit  the  changing  conditions  of  the  loading,  it  is  necessary  to  put  in  two 
braces,  only  one  of  which,  however,  is  in  actbn  at  a  time.  The  stresses 
in  a  Howe  truss,  therefore,  which  is  subject  to  a  variable  and  unsymmetrical 
bading,  should  be  computed  for  at  least  two  coKomoNS  of  loading:  first, 
for  the  conditbn  resulting  from  the  appucation  of  ihs  UMaMOU.  ioad;  and 
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seaxidly,  for  the  oonditioQ  resulting  from  the  kemoval  of  the  variable  load. 
The  tiusB  should  be  designed  to  resist  both  conditions.  Snow  is  a  varlible 
WAD,  to  which  such  trusses  are  often  subjected;  but  as  it  is  nearly  uniformly 
distributed  over  the  roof,  it  does  not  change  the  character  of  the  stresses 
is  any  of  the  members.  If  a  truss,  therefore,  is  designed  for  a  maximum  snow- 
lOAD,  it  is  more  than  strong  enough  when  there  is  no  snow.  Moreover,  the 
transverse  strength  of  the  chords  b  usually  sufficient  to  resist  any  slight  inequality 
ia  the  loading.  The  principal  variable  vertical  loads,  therefore,  to  which 
a  roof-trass  may  be  subjected  and  which  require  counterbraces,  are  those  due 
to  the  weight  of  people,  merchandise,  etc.,  these  loads  being  either  suspended 
bom  the  trass  by  rods  or  brought  upon  the  trass  by  a  floor  supported  by  the 
bottom  chord.  The  truss  shown  in  Fig.  45,  also,  is  an  instance  of  such  loading. 
The  weights  given  by  the  figures  indicate  merely  the  combined  dead  loads  and 
SDow-loads.  During  a  high  wind  the  weight  on  the  leeward  side  of  the  tower 
is  much  increased  and  on  the  windward  side  decreased,  so  that  when  the  wind 
bkws  from  the  right,  the  load  at  4  is  greater  and  at  8  less  than  mdicated;  while 
when  the  wind  blows  from  the  left  the  load  is  increased  at  8  and  decreased  at  4. 
This  requires  counterbraces  in  both  the  third  and  fourth  panels.  As  counter- 
braces  do  no  harm,  even  if  nev^r  brought  into  action,  it  is  always  well  to  use 
them  in  the  middle  panels  wherever  the  loads  are  at  all  variable. 

CaatUerer  TFiuses.  These  trusses  may  be  considered  as  unsymhetricaixy 
LOADED  1KU8SE8,  foT  although  the  loads  may  be  ^mmetrical  in  relation  to  the 
truss,  th^  are  usually  unsymmetrical  m  relation  to  the  supports.  The  method 
of  aiMFunwo  the  supporting  forces  and  drawing  the  stress-diagrams  is  shown 
by  the  following  examples: 


Fig.  46.    Cantilever  TVuas.    Thias-diagnun 


l^-rs 


Cftatflerer  Trass.  Bample  s8.  Fig.  40  is  the  diagram  of  a  cantilever 
TRUSS  such  as  might  be  used  to  support  the  roof  over  a  grand  stand  or  railway- 
station  platform  and  may  be  constracted  either  of  wood  or  steel,  steel  being 
preferable.  The  first  stq)  towards  determining  the  stresses  is  to  find  the  sup- 
porting forces.  For  this  purpose  the  panel-loads  have  been  made  i  000  lb  each, 
all  panels  being  of  equal  width.  These  assumed  bads  simplify  the  problem  and 
serve  as  well  as  the  actual  loads  to  explain  the  method  of  procedure.  In  canti- 
levks  TsrrssES  the  loads  at  the  ends  of  the  trasses,  as  well  as  the  mtermediate 
loads,  should  be  taken  into  account.  These  end-loads  are  each  equal  to  one-half 
of  the  panel-loads.  To  find  the  supporting  forces  moments  are  taken  about 
joint  13.  The  sum  of  the  moments  of  the  external  vertical  forces  is  147  000  ft-lb. 
These  moments  must  be  resisted  by  the  moment  of  the  force  Xi,  which  acts  fai 
a  contiafy  direction  with  reference  to  the  same  point  and  with  a  lever-arm  of 
24  ft.    Dhnding  147  000  ft-lb  by  24  ft,  there  results  6  125  lb  as  the^value  of  Rfi 
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and  as  the  total  load  is  7  000  lb,  Ri  must  be  875  lb.  The  stress-diagram  may  be 
commenced  either  with  the  forces  at  joint  i  or  with  those  at  joint  13;  but  as 
the  external  bads  were  laid  off  from  left  to  right  in  the  preceding  examples,  the 
same  order  is  used  here.  Commencing  then 
with  joint  i,  lay  off  on  a  vertical  line  the  load  ■ 
oa  equal  to  500  lb,  which  acts  down,  and 
draw  ai  and  to  paraOel  respectively  to  A I 
and  10,  The  forces  act  from  0  to  tf ,  from  J 
to  i  (from  the  jomt)  and  from  itoo  (towards 
the  joint),  showing  that  ^4/  is  in  tension  and 
10  in   Gompressbn,   a  sevessal    07    the 

CBASACTER    OF  THE    STBESSES    devebped    Itt 

the  correspondhig  members  of  a  truss  sup- 
ported at  both  ends.  Next,  at  joint  a,  the 
stress  ia  is  now  known,  and  ab  equal  to  i  000 
lb  is  laid  off;  then  hf  and  ji  are  drawn,  BJ 
being  in  tension  and  //  in  compression. 
The  forces  at  johit  3  are  next  drawn  and 
then  those  for  the  remaining  joints,  in  the 
order  in  which  they  are  numbered.  At  joint 
6,  the  first  foroe  known  Is  the  suppotthig  force 
Ru  represented  by  0*0  kid  off  equal  to  6  125 
lb  and  acting  upward.  Hie  sides  of  tlie 
polygon  of  forces  for  joint  6  are  d'o,  Mi,  mn 
and  no\  The  stress  in  Mff  is  equftl  to  tbe 
supporting  force  o'c,  which  is  evident  from 
the  trust-diagram.  In  practice,  Ri  would 
jvobably  be  a  column  continued  to  the 
apex  of  the  truss.  At  joint  12  the  stresses 
already  determined  are  vu,  t^,  and  fg  equal 
gv  must  close  the  polygon.    It  will  be  noticed  that  g9  acts  toward  joint 

If  a  line  drawn  from  g. 
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CantOever  Truss. 
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toxooolb. 

13;  hence  the  rafter  ia  the  end -panel  is  in  compression* 

parallel  to  the  rafter,  passes  through  0,  the  stnMs-diagram  is  correct;  if  it  does 

not  pasa  through  %  then  either  the  stress-diagram  has  not  been  drawn  with 


Fig.  47.    ChatileTtf  Truss.    Tniss-disgrtfa 


^^jm 


sufficient  accuracy  or  an  error  has  been  mode  in  ooosputiog  the  supporting  fonea. 
In  drawing  the  stress-diagram  for  CAimiJBVBa  nvssES,  It  b  important  to  keep 
hi  mind  the  miBCnON  m  wmcs  the  toncBs  act,  in  order  to  detcramie  wUdi 
members  ate  in  oompiessiOD  and  whkk  in  tension. 
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Cantatw  Tnui.  Sample  99.  Fig.  47  ia  the  ditgrun  of  a  tniM  simiUr 
m  QutUna  ta  that  shown  in  Fig.  40,  but  with  the  duqqwai.  9«acs8  imcumsd 
IN  THE  OPPOSITE  DiKECTiON,  SO  OS  to  cause  them  to  be  in  compression  and  the 
verticab  in  tension.  The  supporting  forces  are  found  by  the  same  methods 
used  in  Example  28,  and  the 
stiesB-diagram,  also,  is  drawn  by 
the  metiiods  used  for  Fig.  46a. 
In  this  truss,  however,  the  stress 
in  the  vertical  post  MH  is  oon> 
aiderably  less  than  the  reaction 
Ri  because  a  large  portion  of 
the  loads  is  transmitted  to  jobt 
6  by  the  struts  LM  and  NR. 
In  thb  truss  three  sections  of 
the  rafter  on  the  right  side  are 
in  compression  and  three  sec* 
tions  of  the  bottom  chord  are 
in  tensbn.  This  is  because  in 
this  truss  the  projection  of  the 
overhang  in  prcqx>rtion  to  the 
anchor-span  is  less  than  it  is  [in 
Fig.  46.  When  the  stress-Hues 
pass  to  the  left  of  the  load-line 
(Fig.  47a),  the  stresses  ass 
SEVBSSED  IN  KIND.  This  truss 
is  better  adapted  to  wooden 
coBstniction  with  vertical  rods 
than  is  the  truss  shown  ia 
Fig.  46. 

Anchored  Cantilever  Trags. 
BiEample  30.  In  this  example. 
Fig.  48,  is  shown  a  truss  with 
an  ANCHOKAOE  at  the  outer  end 
to  hold  it  down,  so  that  Ri  acts 
downward.  To  determine  the 
magnitude  and  character  of  the  supporting  forces  moments  are  taken  about 
joint  6  as  follows: 

Smn  of  moments  of  loads  to  the  right  of  joint  7,  the  figures  on  the  foroe*anows 
of  the  truss-diagram  indicating  thousands  of  pounds: 

(S  X  8)  +  (5  X  16)  +  (5  X  24)  +  (12.5  X  32)  -  640000  ft-lb 

Sum  of  nK>ments  of  loads  to  the  left  of  jomt  7: 

(2.5  X  24)  -h  (s  X  16)  +  (s  X  8)  -  180000  ft-lb 

As  these  moments  act  in  opposite  direction  with  reference  to  the  center  of 
moments*  joint  6,  the  smaller  sum,  is  subtracted  from  the  larger,  leaving  an 
unbalanced  moment  of  640000  ft-lb  —  180000  ft-lb  -  460000  ft-lb,  tending 
to  turn  the  truss  down  on  the  right  of  Rt  at  joint  6  and  to  lift  it  up  on  the  left. 
This  moment  must  be  r^ted  by  the  moment  of  the  reaction  Ru  which  has  an 
ann  of  24  ft.  Dividing  460  000  ft-lb  by  24  ft,  19  250  lb  results  as  the  reaction 
Ri.  Tliat  is,  It  itQuires  a  downward  force  of  this  magnitude  to  maintain  the 
tnw  in  equilibrium.  As  the  siqiport  at  6  must  resist  tlua  downwaid  puU  aa 
well  as  the  loads,  Ra  will  equal  the  sum  of  the  loads  plus  the  pttU  Ri,  or  4I  «09  lb 
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+  19  250  lb  -  64  250  lb.    Having  obtained  the  vahie  of  the  supporting  forces 
the  stresA-diagram  is  drawn  by  laying  off  on  a  vertical  line  oa  downward*  equal 


Ftg.  48.    Cantilever  Tnus.    Trua»-diagram 


to  19  250  lb  equal  to  Ri.    The  next  force  b  the  load  of  2  500  lb,  which  abo  acts 

down,  and  which  locates  the  point  b.    From  b  a  Ime  {MtraUel  to  BI  b  drawn  and 

from  0  a  Ime  parallel  to  /O. 
t  fe  «y  iocatmg  the  point  t.  hi  acta 
from  joint  i  and  io  towards 
it,  showing  that  BI  is  m 
tension  and  10  in  compression. 
The  remainder  of  the  stress- 
diagram  is  drawn  by  the  same 
methods  ^employed  for  the 
diagrams  of  Figs.  46a  and 
47a.  At  joint  6  the  foroe^ 
polygon  is  begun  with  the 
force  Ri  or  a'a,  which  acts 
upward,  and  the  upper  end 
of  which  must  be  at  0.  Con< 
sequently  0'  is  located  by 
measuring  downward  from  0, 
64  250  lb.  The  sides  of  the 
stress-polygon  for  this  joint 
are  o'o,  om,  mn  and  m\ 
After  gh,  the  load  at  joint  ij 
is  laid  off,  the  remainnig  dis- 
tance ko'  should  be  just  equal 
to  the  load  at  joint  14,  or 
12  500  lb.    If  ^1  and  Ra  have 

been  correctly  computed  and  the  stress-diagram  accurately  drawn,  the  pomts 

«>  u  and  w  will  fall  in  the  tine  m'. 


Fig.  48a.    CantOever  Truss.     Stiess-duigrain 
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t.  Detenniiuttion  of  Wind*LoAd  Strassw 

Wind-Loads.  Thus  far  the  stresses  due  ^o  vertical  loads  only  have  been 
considered,  the  pressure  of  the  wind  being  oombiDed  with  the  dead  load  and 
considered  as  acting  vertically.  For  huakgular  and  FmK  tkusses  tins 
method  is  sufficiently  accurate,  as  the  wind-pressure  never  causes  a  maTimum 
stress  in  excess  of  that  obtained  by  the  method  explained  in  connection  with  the 
foregoing  examples.  For  trusses  with  cttrved  chords  and  in  fact  for  almost 
all  forms  of  steel  trusses  except  those  of  the  Fink  and  fan  types,  it  is  not 
safe  to  consider  wind-pressure  as  acting  vertically,  because  the  wind  acts  gen* 
erally  in  a  direction  at  right-angles  to  the  roof-surface,  and  upon  but  one  side  of 
the  roof  at  a  given  time,  thus  loading  the  truss  unsymmetrically  and  often  caus- 
ing stresses  of  s^  opposite  kmd  from  those  produced  by  a  vertical  loading. 
Braces  which  are  inactive  under  a  vertical  load  may  therefore  be  necessary  to 
resist  the  force  of  the  wind,  or  the  total  str^  due  to  wind  and  vertical  load 
combined  may  be  greater  than.it  would  be  if  the  wind-pressure  were  considered 
as  a  vertical  load.  To  design  a  roof-truss  correct^^,  therefore,  it  is  necessaty 
to  determine  the  stresses  due  to  vertical  loads  and  wind-loads  separate^ 
and  then  combine  them  so  as  to  get  the  greatest  stress  that  may  be  produced 
under  any  probable  conditions. 

Cnrrod  Chords.  In  the  calculation  of  trusses  with  curved  chords  it  is 
the  usual  practice  to  find  the  stresses  for  the  following  different  loadings  and 
then  combine  them  to  obtain  the  maximum  stress:  Stresses  due  to  the  wind  on 
the  side  of  the  truss  nearer  the  expansion-end;  stresses  due  to  the  wind  on  the 
side  of  the  truss  nearer  the  fixed  end;  stresses  due  to  the  pennanent  dead  loads; 
stresses  due  to  snow  covering  the  entire  roof  or  only  one-half  of  the  roof;  and,  in 
special  cases,  stresses  due  to  snow  covering  only  a  small  area  of  the  roof  on  one 
side. 

Wind  and  Snow.  It  is  generally  assumed  that  the  maximum  wind-pressure 
and  the  snow-load  can  not  act  on  the  same  half  of  the  truss  at  the  same  time. 
For  trusses  with  straight  rafters  it  will  generally  be  sufficient  to  find  the  stresses 
due  to  the  permanent  dead  load,  and  to  the  wind  from  both  directions,  disregard- 
ing the  snow-load  when  the  pitch  of  the  roof  is  45*  or  greater.  For  the  Northern 
states,  when  the  pitch  is  less  than  3o^  it  is  well  to  ooi^ider  that  a  heavy  sleet 
may  be  on  both  sides  of  the  roof  at  the  time  of  a  heavy  wind  and  to  add  about 
zo  lb  per  sq  ft  of  roof-surface  to  the  dead  load  to  allow  for  it.  In  localities  where 
heavy  snowfalls  may  be  expected,  the  stresses  due  to  the  full  snow-load  should 
also  be  found,  as  these  combined  with  the  permanent  dead  load  may  exceed 
those  due  to  dead  load,  sleet  and  wind-pressure. 

Wind  Strosa-Diagrams.  These  are  affected  by  the  manner  m  which  the  truss 
is  supported.  If  both  ends  of  the  truss  are  fixed,  the  wind-reactions  are  paral- 
lel to  the  resultant  wind-load;  if  one  end  is  free  to  move  horizontally,  that  is, 
on  ROLLERS  or  supported  on  a  rocker,  the  reaction  at  the  roller-end  is  vertical 
and  that  at  the  fbced  end  mclined.  '*If  one  end  be  fixed  and  the  other  merely 
supported  upon  a  smooth  iron  plate,  the  reaction  at  the  free  end  may  have  a 
hocisontal  component  equal  to  the  vertical  component  multiplied  by  the  coeffi- 
cient OF  friction,  which  b  about  one-third." 

Fized  and  Free  Ends  of  Tmssos.  Wooden  trusses  may  be  considered  as 
FIXED  at  the  ends.  Steel  trusses,  when  supported  on  masonry  walls,  should 
have  one  end  fixed  and  the  other  free  to  move;  and  when  the  span  exceeds 
70  ft  the  free  end  should  be  supported  on  rollers  to  permit  of  expansion  or 
contraction.  When  steel  trusses  are  supported  by  steel  cohimns,  as  in  steel  mill- 
bmldiiigB,  the  trusses  are  rigidly  attached  to  the  oolumas  ui^  no  provisioD 

Digitized  by  VjOOQlC 


1110 


SbesBes  in  Roof -Trasses 


Chap.  27 


is  made  for  expansion.    In  such  bnildliigs  the  wind-incBSiite  csuses  a  bendimo 
STRESS  in  the  oolumns,  which  must  be  provided  for. 

TnuB  with  Fizsd  Ends.  Bsample  31.  Wind-pressure  is  usually  assumed 
to  be  applied  uniformly  over  one  side  of  the  roof  and  to  act  at  right>anglcs  to 
the  surface  of  the  roof.  The  joint-loads  or  panel-loads,  therefore,  are  proportbnal 
to  the  roof -areas  supported.  When  the  joints  divide  the  rafter  into  panels  of  equal 
length,  the  joint-loads  are  uniform,  except  for  the  joints  at  the  edges  of  the  roof. 
The  actual  wind-pressure  is  obtained  by  multiplying  the  roof-surface  by  the 
values  given  in  Table  IX,  page  Z053.  For  this  example  the  triangular  truss  shown 
in  outline  by  Fig.  49  is  considered  and  it  is  assumed  that  the  span  and  spacing 
of  the  truss  are  such  as  will  give  a  load  of  i  000  lb  at  joints  2  and  4.  The  loads 
at  joints  i  and  5  are  only  one-half  of  those  at  2  or  4.  To  find  the  supporting 
forces  or  reactions,  draw  a  line  representing  the  resultant  of  the  loads,  cutting 
the  bottom  chord  at  X.  As  the  leads  are  symmetrical  the  resultant  acts  at  the 
middle  of  the  rafter  and  at  right-angles  to  'it.  The  reactions  Ri  and  Ht  are 
inversely  proportional  to  the  two  segments  into  which  a  horizontal  line  joining 
the  poinU  of  support  is  divided  by  the  resultsat,  or  in  this  case  to  Ar-7  and  z-X» 


Pig.  49.    Triangular  Tnnt.    Truss-diagram 


Fig.  49a.    Triangular  Tnsa. 
Stress-diagram 


the  greater  reaction  being  at  joint  i.  The  sum  of  the  reactions  are  equal  to  the 
sum  of  the  loads.  To  find  the  reactions  graphically,  draw  a  line  from  johit  i, 
at  any  angle^  say  from  30"  to  45^  and  measure  off  a  distance  equal  to  the  total 
load.  In  Fig.  49  the  Kne  1-8  represents  3  000  lb.  Join  7  sod  8,  and  from  A' 
draw  a  line  parallel  to  7-8.  intersecting  i-^  at  X'.  Then  8-X'  is  the  reacCion  at 
joint  I  and  X'-^t  the  reaction  at  joint  7.  To  draw  the  stress-diagram.  Fig.  49a, 
6rst  draw  the  load-line  ae  equal  to  the  sum  of  the  loads,  in  this  case  3  000  lb,  and 
perpendicular  to  the  rafter  x-5,  and  divide  it  so  that  oo  is  equal  to  X'-^.  Then, 
at  joint  I,  oa  is  the  supporting  force,  ah  is  500  lb  and  bf  and  /»  are  drawn  panllcl 
respectively  to  BF  and  PO,  intersecting  at  /.  The  external  forces  and  stresBes 
act  in  the  direction  oa,  ab,  bf  and  /».  showing  that  BF  is  In  compiession  and  FO 
ki  tension.  At  joint  a  the  stress-lines  are  fb,  be  equal  to  i  000  lb,  €i  wid  g/.  The 
streas-lines  at  joint  3  ftre  of,  fg,  gk  and  ko;  at  joint  4,  Ag,  cc,  cd,  di  and  ik;  and  at 
jcnnt  5,  id,  de,  ek  and  ki.  If  the  load-line  has  been  oorrectly  divided  at  •,  and 
the  stress-lines  have  been  drawn  exactly  parallel  to  the  lines  of  the  tnias,  the  point 
A  will  fall  vertically  above  the  point ».  At  joint  6  thestreaa^linea  SK  ok,M,ik9oA 
ho.  As  the  figure  mtBt  close  1^  a  horisontal  line  through*,  it  ia  evident  that  the 
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line  KK  of  the  tnias-dlaitnuii  ouuiot  be  rtiirtwnted,  and  therefore  there  can  be 
no  stress  in  this  member  when  the  wind  is  from  the  left.  At  joint  7  the  rcactioo 
eo  is  known,  acting  up,  and  ok  and  ki  must  dose  the  figure,  blowing  that  the  line 
ke  repments  the  stress  in  the  entire  length  of  the  right  rafter,  and  that  there  is 
no  stress  hi  the  bradng  on  that  side  of  the  truss  wlien  the  wind  is  from  the  left. 
When,  howev<fr,  either  the  lower  dwid  or  the  rafter  la  not  straight,  some  of  the 
braces  on  that  side  oome  into  actfon.  By  noting  tlie  ohar&cter  of  the  stresses  in 
Fis-  -^Oa,  it  is  seen  that  the  different  members  of  the  truss  have  the  same  kind 
of  stress  as  is  produced  by  vertical  loads.  As  the  wind  may  bbw  from  either 
direction,  it  is  evident  that  both  sides  of  the  truss  must  be  made  alike.  This 
example  illustrates  the  method  of  drawing  the  stress-diagram  for  any  truss  with 
a  straight  rafter  when  both  ends  of  the  truss  are  fixed. 

Trass  on  Rollert.  Ssample  32.  When  one  end  of  the  truss  is  fsee  to 
MOVE,  the  reaction  at  that  end  must  always  be  practically  vertical,  and  this 
condition  gives  a  considerable  variation  of  stress  when  the  wind  is  on  different 
sides  of  the  roof;  so  that  it  is  necessary  to  draw  two  wind-stress  diagrams,  one 


Ftg.  60.    Trlangolar  Truss.    Tmss-dlagnm  and  Stres-diagram,  Wbd  Left 

for  WIND  ntOM  THK  LETT,  marked  WX,  and  one  for  wind  noM  tbe  mgbt, 
marked  W.R.  It  is  cnstomary  with  authors  when  writing  on  this  subject  to 
consider  that  the  koxxers  are  always  under  the  right-hand  support,  and  this 
custom  is  foUowed  here.  In  pnctice  the  koLlees  may  be  placed  under  either 
end,  as  both  sides  of  the  truss  are  ususUy  proportbned  to  the  maTlmiim  stresses. 
For  this  esample  we  will  take  the  same  tniss-diagnun  that  was  used  in  Fig.  49, 
illustrating  it  again  in  Fig.  50,  which  is  drawn  to  show  wImd  eEom  the  left. 
Lay  off  the  bad-line  1-8  and  ^vide  it  at  X\  as  in  example  31.  Draw  a  line  a«> 
perpendicular  to  the  rafter  and  equal  to  z-8  in  length,  and  divide  it  into  two 
segments  of  the  same  proportions.  Through  ^  on  ae  draw  a  horiaontal  linei 
and  through  e  a  vertical  line,  the  two  intersecting  at  0.  Then  to  represents  the 
vertical  reaction  at  joint  7  and  m  the  reaction  at  joint  i.  The  stress-lines  at 
joint  X  are:  oa,  ab  equal  to  500  lb,  if  aadfo.  At  joint  a :  /&,  be,  eg  and  if.  The 
remainder  of  the  diagram  WX.  is  completed  exactly  as  described  for  Fig.  49a, 
the  on^  difference  between  the  two  being  the  location  of  pobt  0,  which  gives 
faicrtased  stresses  in  the  bottom  chord  lor  the  truss  of  Fig.  50.  Fig.  61  represents 
the  same  truss  with  wind  i«om  the  bight.  To  draw  the  stress-diagram  W.R. 
start  with  td^  perpendicular  to  the  rafter  and  equal  to  the  total  load,  3  000  lb. 
Divfcie  the  line  at  jb'  intn  two  segmcnta  of  the  same  pcoportioos  as  the  segmenU 
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of  the  line  x-8.  Fig.  60,  the  longer  segment  being  at  the  top.  To  find  the  reac- 
tions draw  a  horizontal  line  through  x'  and  a  vertical  Ibe  throu^  /» the  two  lines 
intersecting  at  o.  Then  ^  is  the  reaction  at  joint  i,  and  oi  the  reaction  at  joint 
lo.  For  this  diagram  it  is  better  to  start  with  joint  lo  and  take  the  locoes  in 
the  reverse  order  from  that  in  whidh  they  were  taken  before.  The  stress-lines 
at  joint  lo  are  oi^  is  equal  to  500  lb»  sn  and  no\  at  jomt  9,  «m,  sr,  rm  and  mm; 
at  joint  S:  on,  tm,  mlasidlo;3t  joint  7.  /m>  mr*  re,  ek  and  U;  and  at  joint  5. 


Fig.  51.    Triangular  Tnm.    Tniaa-diagram  and  Stress-diagrun,  Wind  Ri|^t 

ke,  ed,  di  and  ik»  If  the  diagrams  have  been  correctly  drawn  the  point  t  will 
fall  vertically  above  the  point  k.  On  comparing  the  two  diagrams  for  WX. 
and  W.R.  it  is  seen  that  the  stress-lines  for  the  rafters  and  braces  are  of  the  same 
length  and  that  the  stresses  are  of  the  same  character  in  both,  but  that  the  stress 
in  the  bottom  chord  is  considerably  less  when  the  wind  is  from  the  right.  This 
condition  does  not  apply  to  all  trusses,  however,  so  that  it  is  best  to  draw  the 
two  stress-diagrams  for  wind  from  both  directions. 

Queen  Truss.  Sxample  33.  Fig.  52  represents  the  outline  of  a  queen-bod 
TRUSS  for  a  roof  having  a  rise  of  14%  in  in  11  in.  As  the  truss  is  of  wood  the 
supports  are  considered  fixed.  Joint  2  divides  the  rafter  into  two  equal  parts, 
consequently  the  wind-load  at  this  joint  is  twice  that  at  joint  i  or  4.  For 
convenience  it  is  assumed  that  the  wind-bad  at  joint  2  is  i  000  lb  and  at  joints  i 
and  4,  500  lb.  The  resultant  is  2  000  lb  acting  through  joint  a  and  intersects 
the  tie-beam  at  X.  To  find  the  supporting  forces,  draw  the  Ime  x-^  equal  to 
2  000  lb  and  connect  7  and  S.  From  X  draw  a  line  parallel  to  7-8  intersecting 
1-8  at  X*.  Then  &-X'  is  Ri  or  the  supporting  force  at  joint  i  and  X -x  or  Rt 
the  supporting  force  at  joint  7.  Begin  the  stress-diagram  (Fig.  52a)  by  dxmwkig 
the  line  ad  at  right-angles  to  the  rafter  1-4,  and  equal  In  length  to  x-8  or  a  000  lb. 
By  means  of  dividers  locate  the  point  0  so  that  oa  equals  S-X',  Then  the  stress- 
lines  for  joint  x  are  oa,  ab,  be  and  eo;  at  joint  2,  eb,  hc^  cf  and  fe\  at  joant  3,  oe^ 
ef,  fk  and  ko\  and  at  joint  4,  A/,  fc,  cd^  dk  and  kk.  It  is  seen  that  the  fbrce-po^- 
gon  at  joint  4  will  not  close  without  the  brace  KH,  because  the  xnitial  point  in 
drawing  the  polygon  is  at  k,  and  a  horisontal  line  through  d  does  not  pass 
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through  h.  A  queen-kod  truss,  therefore,  requires  braces  in  the  middle  panel 
to  resist  the  wind-stress.  With  the  wind  from  the  right,  a  brace  is  requified  from 
joint  3  to  joint  6.  At  joint  5  the  stress-lines  are  oh,  hk,  kl  and  lo.  It  should  be 
noticed  that  lo  acts  towards  the  joint,  showing  that  LO  is  in  compression.    At 


Tig.  52.    Queen  Truss.    Truss-diagiam 


Fig.  52a.    Queen  Truss.    Stress^^ 
diagram,  Wind  Left 


first  it  would  seem  as  though  this  could  not  be  true,  but  if  we  glance  at  joint  7 
we  see  that  Rt  is  thrusting  in  on  the  joint,  and  that  a  strut  is  required  to  keep 
the  joint  in  position.  This  tondition  is  true  cmly  when  the  inclination  of  the 
rafter  is  greater  thjtn  45°.    When  the  mcUnation  of  the  rafter  is  exactly  45% 


R^  11600 


F!g.  53.    QoMD  Tmss.    Truss-diagnun.    (See.  also.  Figs.  3.  12  and  54  and  Chapter 
XXVUI,  Fig.  1) 


there  is  no  stress  in  LO,  and  when  the  inclination  is  less  than  45**,  LO  is  in  ten- 
sicxi.  The  stress-lines  for  joint  6  are  Ik,  kd  and  dl.  If  no  errors  are  made,  a 
line  through  d  panUel  to  DL  passes  through  the  point  /,  previously  obtained.  A 
very  slight  inaccuracy  in  beating  the  point  X*,  or  in  drawing  the^ress-diagnun. 
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Jiowever,  causes  the  line  through  d  to  pass  to  ooe  side  or  the  other  gf  poiat  k 
and  if  this  happens,  it  shows  that  there  has  been  some  inaccuracy  somewhere. 
In  practice,  a  ^igbt  diveigence  does  not  materially  affect  the  stress.  At  joint  7 
the  sides  of  the  stress-polygon  are  qI,  /(f  and  i^  -  ^,  the  lines  being  already 
drawn. 

Combination  of  StreaiM.  Example  34-  For  the  purpose  of  showing  bow 
the  stresses  due  to  wind  and  vertical  loads  are  combined,  the  tniss-diagnuns  in 
Figs.  53  and  54  are  shown,  being  the  san^e  as  in  Fig.  12,  and  representing  the 
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Fig.  63a.    Queen  Thus.    Stress-       Fig.  54.    Queen  Truss.  Tnus^diagxvn.    (See,«l9(\ 
diagiam  Figs.  3. 12  and  53  and  Chapter  XXVm.  Fig.  1) 

truss  shown  in  Fig.  3.  The  stresKS  first  4etecnMned  are  those  due  to  the  wci^ 
of  the  roof  and  ceiling  and  to  an  allowance  of  10  lb  per  sq  ft  for  sleet.  Oq 
page  1055  the  roof-area  supported  at  joint  2  was  found  to  be  147^  sq  ft  and  at 
jomt  3,  200  sq  ft.  On  page  1055  the  weight  of  the  roof  was  estimated  at  12%  lb 
per  sq  ft,  and  allowing  10  H)  for  sleet,  there  results  23%  lb  as  the  greatest  dead 
load  under  a  heavy  wind.  This  gives  3  360  lb  for  the  load  at  joint  3  and  4  550  lb 
for  the  load  at  joint  3 .  The  ceiling-loads  will,  of  course,  be  the  same  as  m  Fig.  1 2. 
Fig.  53  shows  the  loads  due  to  weight  of  materials  and  sleet,  as  computed  above. 
and  the  ceiling-loads.  Fig.  53a  is  the  stress-diagram  for  these  loads,  with  the 
stresses  mdicated  by  figures,  This  diagram  is  drawn  exactly  in  the  same  way 
as  the  stress-diagram  in  Fig.  12,  page  107 1. 

Whid-Stresses.  The  indmation  of  the  roof  is  very  close  to  4S"i  and  from  Table 
IX,  page  1053,  the  normal  wind-pressure  for  that  angleis  found  to  be  2S  fo.  Multi- 
plying the  roof-area  at  joints  2  and  3  by  28,  the  wind-loads  indicated  in  Fig.  54 
are  obtained.  The  wind-load  at  joint  i,  also,  must  be  found.  The  roof -area 
supported  at  this  joint,  allowing  17  in  for  eave-projection  (Fig.  3)  is  6H  by  15  ft, 
or  95  sq  ft,  which  makes  the  wind-load  2  660  lb.  The  next  step  is  to  find  the 
point  at  which  the  resultant  of  these  loads  cuts  the  'rafter.  As  the  loads  are 
not  sjrmmetrical  or  uniform  on  the  rafter,  the  point  throu^  which  the  fsaiHant 
acts  must  be  determined  by  means  of  moments  about  joint  i.  The  arms  of  the 
loads  at  joints  2  and  4  are  figured  on  the  truss-diagram  (Fig.  54).    Tl»  momcAU 


4  140  lb  X  99it  ft  •    38  985  ft-ttj 

5  6ao  lb  X  18%  ft  »  103  200  ft4b 


The  sum  of  the  moments 


141 185  tt-lb 
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The  resultant  h  the  sum  of  all  the  loads,  or  12  400  lb,  and  the  distance  of  its  point 
of  application  from  %  is  found  by  dividing  the  sum  of  the  moments  by  the  result- 
ant force,  or  141 185  ft-lb  divided  by  X2  400  lb  -  ti.4  ft.  Measuring  off  11.4  ft 
on  the  rafter  from  joint  i  and  drawing  a  line  at  right-angles  to  it  intersecting  the 
tie-beam,  the  point  X  is  determined.  From  i  the  line  x-8  is  drawn  at  any 
angle  and  equaJ  in  length  to  the  sum  of  the  loads,  12  400  lb,  and  7-8  is  drawn. 
From  X  a  Hne  is  drawn  parallel  to  7-8,  intersecting  x-8  at  X'.  Theft  S-X'  is 
Ri  or  the  supporting  force  at  joint  i  and  X'-i  is  J?j  or  the  supporting  force  at 
joint  7. 

Soppoftiiig  Forces  CooRpntod  by  Moments.  The  supporting  forces  may  also 
be  oomputed  by  moments.  The  moments  of  the  loads  about  joint  i  tend  to 
rotate  the  truss  from  left  to  right.  To  prevent  this  rotation  there  is  the 
moment  of  the  supporting  force  Et  acting  at  joint  7  to  rotate  the  truss  from  right 
to  left.  To  maintain  cQuih'brium,  the  moment  of  R»  about  joint  x  must  just 
equal  the  sum  of  the  moments  of  the  loads  about  the  same  point.  This  sum 
was  found  above  to  be  X4i  185  ft-Ib.  The  arm  of  JU  is  the  perpendicular  distance 
between  its  line  of  action  and  joint  x«  Continuing  Rt  above  the  truss  until  it 
intersects  the  dotted  line  at  i*,  the  distance  from  x  to  i'  is  26.5  ft.  Knowing 
the  aim.  the  value  of  i^  is  obtaiixed  by  dividing  the 
sum  of  the  moments  of  the  loads,  141  x8s,  by  the 
arm,  or  26.5  ft.  This  gives  5  344  lb.  As  the  sum 
of  Ri  and  R^  must  equal  the  total  load,  Ri  equals 
12  400  less  5  344  lb,  or  7  056  lb.  The  distance 
S-X'  and  X'-i  sliould  scale  reasonably  close  to  these 
figures.  Knowing  the  supporting  forces,  the  stress- 
diagram,  Fig.  Ma,  Is  drawn  exactly  as  described  for 
Fig.  52a.  As  the  inclination  of  the  rafters  is  a 
little  greater  than  45^  OE"  is  hi  compression,  but 
the  stress  is  very  small.  The  figures  on  Fig.  54a 
indicate  the  stresses  in  pounds.  The  stresses  may 
now  be  tabulated  and  should  be  arranged  as  in  the  following  table.  In 
tabulating  the  wind-stresses,  it  should  be  remembered  that  the  wind  may  blow 
against  either  side  of  the  truss,  and  the  greatest  stress  liable  to  occur  should  be 
put  m  the  table. 


Fig.    54a.     Queen    Truss. 
Stress-diagram,  Wmd  Left 


Table  XViU.    Stresses  for  the  Trusses  Shown  hi  Figs.  12,  53  and  54 


Members 

Dead  weights 
Bfidileet 

Wind-Stresses 

Totals 

Stresses 
(Fig.  12) 

AE 

+16  ISO 
+13800 
+  9«<» 
+  23S0 
0 

-  S4IO 
-XI  200 

-  9600 

+S  100 
+S100 
+3600 
+4100 
+5  100 
-3700 
-S9S0 
-3150 

+21  250 
+18900 
,  +X5aoo 
+  6490 
+  Stoo 
—  9  xxo 

-17 150 
-12750 

+25600 
+21300 
+14700 
+  440Q 
0 
-  6900 
—17600 
-14700 

BP 

CH' 

EP 

HH' 

FH 

EjQ 

HP 

The  truss-members  are  lettered  as  in  Fig.  54.  Thus  the  stress  in  the  rafter  F'Jf 
is  greater  than  in  the  rafter  on  the  other  side,  and  this  stress  acts  through  the 
entire  length  of  the  rafter;  hence  the  stress  for  AE  and  BP  should  be  entered 
as  5  100  lb,  the  stress  in  P'B'.    In  the  same  way  the  stress  in  the  rod  H'P*  is 
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greater  than  in  PH\  hence  the  stress  in  H'F'  should  be  tabulated.  The  stress 
in  OE'  slightly  reduces  the  tension  due  to  the  dead  load,  but  as  the  stress  in  EQ 
increases  it,  the  stresses  in  EQ  and  HP  should  be  tabulated.  Both  sides  of  the 
truss  should  of  course  be  made  alike,  and  two  braces  should  be  inserted  in  the 
middle  panel.  In  the  fifth  column  of  the  table  are  given  the  stresses  due  to  the 
ceiling-load  and  a  vertical  load  on  the  roof  of  42%  lb  per  sq  ft,  as  obtained  from 
the  stress-diagram,  Fig.  12.  Comparing  the  stresses  in  the  fourth  and  fifth 
coluoms,  it  is  seen  that  except  for  the  brace  EF,  and  for  the  two  rods,  the  stresses 
obtained  by  combining  snow  and  wind  and  adding  to  the  dead  weight  are  greater 
than  the  totals  due  to  wind,  dead  weight  and  sleet.  Vertical  loads,  of  course, 
cause  no  stresses  in  the  braces  of  the  middle  panel,  and  unless  the  wind-stresses 
are  drawn,  it  is  necessary  to  estimate  the  sizes  of  these  braces.  The  stresses  in 
these  braces,  however,  are  so  small  that  large  pieces  of  timber  are  not  required. 
The  stresses  given  in  the  fourth  column  are  unquestionably  nearer  what  the 
real  stresses  are  likely  to  be  than  those  in  tjie  fifth  column.  If  the  roof  is  erected 
in  a  warm  climate  where  there  is  no  sleet,  these  stresses  may  be  further  reduced 
by  omitting  the  10  lb  per  sq  ft  added  for  sleet.  If,  on  the  other  hand,  the  in- 
clination of  the  roof  is  less  than  30*^,  the  stresses  produced  by  a  heavy  fall  of 
snow  without  wind  generally  exceed  the  sum  of  those  due  to  dead  weight,  slect 
and  wind;  and  for  such  roofs  the  stresses  due  to  the  maximum  snow-load  should 
always  be  computed. 

Reactions.  The  reactions,  or  suiqx>rting  forces  of  the  truss  shown  in  Fig.  54. 
are  very  much  inclined  from  the  vertical.  As  the  dead  load,  however,  is  alwa>-s 
acting  on  the  truss,  the  inclination  of  the  real  reaction  is  never  so  great,  but 
more  nearly  vertical;  and  when  there  b  no  wmd  the  reactions  are  exactly  ver- 
tical. The  theoretical  reaction,  due  to  both  wind-load  and  dead  load,  b  the 
diagonal  of  a  parallelogram,  the  two  adjacent  sides  of  which  are  the  react  ions 
for  the  dead  load  and  wind-load  drawn  to  the  same  scale.  Thus  if  a-?.  Fig.  54, 
represents  the  reaction  due  to  the  wind  and  6-7  the  vertical  reaction,  due  to  the 
dead  load  and  drawn  to  the  same  scale,  then  ^'1  b  the  resultant  reaction,  RKMlified 
somewhat,  however,  by  friction.  Examples  31,  32  and  33  serve  to  show  the 
general  method  of  drawing  wind  stress-diagrams,  and  are  sufficient  to  enable 
the  student  to  draw  those  diagrams  for  most  trusses  with  straight  rafters.  For 
trusses  with  curved  rafters  the  diagrams  become  more  complicated,  and  the 
reader  is  referred  to  Graphical  Analysis  of  Roof  Trusses,  by  Charles  £.  Greene 
and  to  other  standard  handbooks  on  the  subject. 

7.  Tmstes  with  Sjiee-Bracet 

Knee-Bnces  are  generally  used  to  give  greater  stability  to  the  structure  as  1 
whole  when  roof-trusses  are  supported  by  coluicns.  Under  the  actkm  of 
vertical  loads  the  stresses  in  these  members  are  usually  assumed  as  zero,  wbidi 
would  be  true  if  the  materiab  composing  the  truss,  knee-braces  and  coluirss 
were  rigid.  Thb  discussion  will  deal,  however,  with  the  effect  of  wind  bkywing 
against  one  side  of  the  building  and  roof.  The  actual  stresses  in  the  knee- 
braoes,  columns  and  truss-members  will  probably  never  be  known  exactly,  as 
there  are  so  many  variable  factors  entering  into  the  problem.  In  the  usual 
construction,  in  which  columns  are  bolted  to  masonry  pedestab  at  the  bottom, 
either  riveted  or  bolted  to  the  trusses  at  the  top,  and  in  which  the  knee-bxaces 
are  riveted  at  both  ends,  the  degree  to  which  these  connections  may  be  conaidervi 
FIXED  is  a  question  leading  to  many  arguments  and  differences  of  opinion.  This 
will  not  be  discussed  at  all;  but  it  will  be  shown  how  the  stresses  in  aH  members 
of  the  framework  can  be  found  under  given  assumptions.  Assume,  for  example, 
that  the  bottoms  of  the  columns  are  sufficiently  fixed,  so  that  a  point  of  50- 
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MOICKNT  is  midway  between  the  bottom  of  the  knee-braoe  and  the  maaoniy 
pedestal  (equivalent  to  assuming  a  pin  at  this  point),  and  so  that  the  top  attach- 
ments and  those  of  the  knee-braces  may  be  considered  as  pin-connections. 
Taking  the  truss  and  loading  shown  in  Fig.  55,  it  is  clear  that  the  outside  forces 
must  be  in  equilibrium,  and,  mUess  the  points  M  and  N  are  unlike  in  some 


Fig.  55.    Tniss  with  Knee-bcaces.    Tmaa-diagram 


ixirticular,  the  reactions  at  these  points  will  be  parallel  to  the  direction  of  the 
resultant  of  the  wind-forces.  Lay  off  to  any  oonvenicnt  s^ie  the  wind-forces 
in  order,  as  shown  in  Fig.  55a.  Then  XY  is  the  direction  and  magnitude  of  the 
rrsultant  wind-pressure  and  also  the  direction  of  J^^  and  Rt.  The  magnitudes 
of  Ri  and  /2i  are  found  by  meansof  theequilibritun  polygon  explained  on  page  1097. 
Rx  b  equal  to  SX  and  R^  to  F5.  These 
rcactbns  are  correct  in  direction  and  mag- 
nitude unless  some  condition  is  imposed  to 
change  them.  II  there  are  no  momenta  at 
M  and  N  and  these  points  are  kest&aIned 
from  moving  vertically,  the  vertical  com- 
ponents of  Rx  and  Rt  must  remam  constant, 
even  m  the  extremexcaae  where  M  may  be 
assumed  as  a  pin-connectign  and  N  as 
resting  on  ROLLERS.  Anyassumptipnmaybe 
made  as  to  the  magnitudes  of  the  horizontal 
components  at  these  points  as  long  as  the 
sum  of  the  two  eQuals  the  sum  of  the 
horizontal  components  of  J^i  and  Rt.  It  is 
customary  to  assume  these  as  equal.  In 
this  case  the  reactions  KtMkaAN  are  TX  and  Y  T,  respectively.  The  next  step 
is  to  find  the  effect  of  these  reactions  at  the  pomts  O,  Q,  P  and  R.  The  vertical 
components  Vi  and  Fz  act  as  vertical  forces  at  0  and  P.  The  horizontal  oom< 
ponents  produce  bending  moments  at  0  and  P,  and,  in  effect,  horiaoi^tal  forces 
at  0,  P,  Q  and  R.  Taking  the  left  column,  the  8  100  lb  acting  towards  the  left 
would  move  the  column  to  the  left  if  not  prevented  by  the  joints  at  0  and  0* 
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If  the  member  MQ  h  considered  to  act  M  a  lever  with  ft  fufcram  at  O,  a  hori> 
soiital  force  of  8  too  lb  acting  towards  the  teft  at  Jf  will  ptoduce  a  prenure,  or  a 
force  acting  from  left  to  right  at  Q  which  equals,  by  the  method  of  momenta,  the 
oeater  of  moments  being  at  0,  8  loolbX  7-5ft-i-  5  ft  •  t^  isolb.  At  O,  in  tflce 
manner,  taking  the  center  of  moments  at  Q,  8  too  lb  X  12.5  ft  -f  5  ft «  20  250  lb 


Pig.  57.    Thus  with  Knee-bnon. 


is  pfodnced^actfaig  from  right  to  left .  These  forces  are  shown  hi  Fig.  56.  When 
combined  with  those  shown  in  Fig.  55  they  give  the  forces  acting  at  O.  Q,  K 
and  P  whidi  are  used  in  constructing  the  ttresa-dhignj&  shown  in  Fig.  57. 


8.  Arched  Tntsset 

An  Arcbed  Tmsi  is  one  which  has  the  roaic  or  an  aich  and  which  is  so 
supported  at  the  ends  that  tlie  reactions  produood  by  vcrticf  i  forces  ere  vertical. 
This  is  usually  accomplished  by  placing  PiN<aNNECnON8  at  the  supports  and 
providing  rollers  at  one  end  to  pennit  horiaontal  movemciit. 

Slfgjitift  in  a&  ArelMd  Trots.  The  determination  of  the  stresses  in  the 
members  of  an  arcbsd  trcss  is  readily  accomplished  by  foUowing  the  methods 
given  in  the  previous  examples. 

Arched  Truss  with  RoUer-Support  Sample  as.  In  Fig.  68  Is  shomi 
the  left  half  of  an  arched  truss  and  the  R0u.ER-st7Pi>0RT.  This  truss  has  the 
shape  and  dhnensbns  of  a  truss  hi  the  live  Stock  Pavilion,  Union  Stock-Tard 
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mud  Tranait  Company,  Chicago,  OL  It  is  dwciiwed  in  the  Engineering  News  ol 
June  28,  1906.  The  loading  shown  is  symmetrical  about  the  middle  of  tlie 
span  and  hence  each  reaction  equals  one-hall  the  total  load.    Fig.  56a  shows  • 


1 


Fig.  58.    live  Stock  Pavilion,  ChicsgD,  JU. 


TVusMiiafniia 


W-U-U 


lS-19 


u        u 


Fig.  58a.    Live  Stock  Pavilioo,  Chicsgo,  VI    Stress-diagTam  for  Truss 

the  stress-diagram  ior  one-hall  ol  the  truss.    The  stresses  upon  the  right  of  tha 
middle  are  the  same  as  those  upon  the  left. 

The  BORXZONTAL  DBFLCcnoN  ol  this  truss  is  measured  by  the  movement  of 
the  BOum-K)ii>.  This  movement  is  computed  in  the  manner  explained  lor  the 
sassORs  TRUSS,  pages  1085-7,  by  the  formula  D  ^XiJSul  +AE) .    Where  D  is  tht 
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HORIZONTAL  tfOVEKEKT,5  the  stress  in  any  meixiber  as  given  by  the  stress-diagram 

shown  in  Fig.  58a,  u  the  stress  in  any  member  produced  by  the  unit  load  applied 

at  the  roller  end  of  the  truss  and  acting  in  a  horizontal  direction  (Fig.  5&b). 

/  the  length  of  any  member,  A  the  area  of  any  member,  E  Young's  modulus  oi 

elasticity  for  the  material  composing  any  member  and  2  the  sign  of  summation. 

and  when  limits  are  not  designated,  the  fonnula  indicates  that  Z{Sul  -i-  AE)is  to 

be  taken  for  each  member  of  the  truss.    For  the  loads  and  areas  indicated  m 

Fig.  58,  the  rollers  will  move  about  lo  in  when 

E  is  30 ooooco  Vb  per  sq  in.    In  order  that  a 

given  span  may  obtain  under  a  given  load, 

each    tension-member    must   be    cxmstructed 

shorter    than    its   geometrical    length    by    an 

amount  which  it  is  lengthened  by  the  stress 

which  it  resists,  and  each  comprcssion-inember 

must  be  lengthened  in  a  like  manner.    Any 

Fig.  68b.    Live  Stock  Pavflion,    o^«r  V)admg  wiU  produce  a   change   in   the 

Chicago,  111.    Sticss-diagiam       length  of  the  span.    To  reduce  the  horizontal 

DEFLECTION  without  changing  the  lengths  of 

the  members  they  woukl  have  to  be  made  excessively  heavy.     A  truss  of  tiie 

form  shown  in  Fig.  58  is  not  economical  as  an  arched  truss  on  rollers  but 

may  be  satisfactorily  used  by  connecting  the  two  end-pins  by  a  tie- rod. 

Arched  Truss  with  Tie-Rod.  When  a  tie-rod  is  employed  the  meraben 
befx>me  much  lighter  and  can  be  built  according  to  their  geometrical  lengths 
The  stress  in  the  tie-rod  may  be  found  from  the  fonnula 


^*'ZfAE^\AAE-^A^'\ 


in  which  St  is  the  stress  in  the  tie-rod,  A '  the  area  of  the  tie-rod,  V  the  length  cf 
the  tie-rod  and  E'  Young's  modulus  of  elasticity  for  the  material  composini; 
the  tie-rod.  The  other  symbols  have  the  significance  given  above  for  the 
expression  for  D.  Sbice  the  stress  and  area  of  the  tie-rod  appear  in  the  abo\  e 
equation  it  is  necessary  to  assume  an  area  and  then  compute  the  value  of  St 
If  this  produces  a  unit  stress  in  the  tie-rod  differing  greatly  from  the  allowablo 
value,  a  new  trial  must  be  made.  Having  found  the  stress  in  the  tie-rcxl.  the 
resulting  stresses  in  the  truss-members  can  be  found  graphically  from  a  stress- 
diagram  which  will  be  of  the  form  shown  in  Fig.  58b,  which  was  constructtfd  for 
a  horizontal  force  of  i  000  lb.  The  stresses  can  be  found,  abo,  by  multipl>'uv; 
the  stresses  produced  by  one  pound  bj'  the  value  of  5|.  The  stresses  produced 
by  St  combined  algebraically  with  those  obtained  from  Fig.  58a  give  the  final 
stresses.  These  stresses  differ  but  Kttle  from  those  which  obtain  for  a  two- 
hinged  ARCH  of  the  form  shown  in  Fig.  58,  and  such  structures  with  the  tie- 
rod  are  often  classed  as  two-hinged  arches. 

Assumption  of  Areas.  Since  the  deflection  of  the  truss  shown  in  Fig.  58 
depends  upon  the  areas  of  the  members,  it  is  evident  that  they  must  be  etthtrr 
known  or  assiuned  before  the  formulas  for  D  or  St  can  be  applied.  For  a  nev 
structure  the  areas  are  of  course  unknown  and  the  problem  of  determining  the 
stresses  becomes  one  which  is  sometimes  classed  as  cut-and-try.  For  the  first 
trial,  the  areas  may  be  assumed  as  unity  and  the  corresponding  value  of  St 
found  and  then  the  combined  stresses.  The  members  may  now  be  designed  as 
to  area  and  a  new  trial  made  with  these  areas.  Usually  the  second  trial  is 
sufficient,  as  a  slight  diange  in  areas  does  not  materially  affect  the  values 
ofSf. 
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f.  Trussed  Arches 

Symmetrical  Trussed  Arches.  The  thkee-hinged  arch  is  the  simplest 
form  of  TRUSSED  ARCH,  and,  as  used  in  buildings,  it  is  usually  symmetrical  in 
kna,  consisting  of  two  trusses  connected  by  a  p>in  over  the  middle  of  the  span  and 
resting  on  a  pin  at  each  support.  The  stresses  in  the  truss-members  are  found 
by  the  ordinary  graphical  methods  after  the  reactbns  have  been  determined. 


h 


-i 


I  I  I  I  ^  8  I 


Fig*  50*    Thne*Uo8ed  Arch.    Tnias-diagrtm 
Fig.  59a.    Stress-diagram 


The  SUPPORTING  FORCES  arc  inclined  and  may  be  resolved  into  two  components, 
one  vertical  and  the  other  horizontal.  For  symmetrical  loading  the  two  reac- 
tions are  equal  in  magnitude.  The  vertical  components  are  each  equal  to  one- 
half  the  vertical  loading.  The  horizontal  components  are  equal  in  magnitude 
and  opposite  in  character.  The  following  examples  illustmte  the  methods  to 
be  followed  In  the  determination  of  the  stresses. 
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Trussed  Three-hinged  Arch.  Bzample  36.  Fig.  59  shows  one-half  of  a 
TRUSSED  THREE-HINGED  ARCH  with  a  Vertical  load  of  I  000  lb  per  top-chord 
joint.  Fig.  59a  shows  the  stress-diagram  for  this  loading;  but  before  it  can  be 
drawn,  the  vertical  and  horizontal  reactions  at  the  left  support  must  be  deter- 
mined. The  vertical  reaction  is  (7  X  i  000)  -h  500  -  7  500  lb  or  one-half  the  ver- 
tical bad.  The  horizontal  component  or  the  horizontal  thrust  of  the  ardi 
may  be  found  by  moments.    The  center  of  moments  will  be  taken  at  the  middle 


Fig.  eo.    Liberal  Arts  Building.  Chicago,  III. 
Fig.  60a.    StreM-diagram 

pin  at  the  crown  as  at  this  point  the  moment  is  bod.  The  equation  of  moments 
isBiX  72.S  +  1  000  (5.25  -I- 16.25  +  27.25  +  3*.2S  +  4925  +  60.25  +  71.25) 

-I-  SCO  X  82.25  -  7  Soo  X  78.75  -  o.  .  ' 
or  Hi  -  281  750  +  73.5  -  3  ^  lb 

Having  determined  Vi  and  ^t.  the  stress-diagram  shown  in  Fig.  59a  can  be 
readily  constructed.  Since  the  arch  is  symmetrical,  it  is  neceaaary  to  draw  but 
one-half  the  stress-diagxam.  If  the  right  half  of  the  arch  is  removed  and  in  its 
place  a  horizontal  force  applied  at  the  middle  pin,  the  magnitude  of  this  force  is 
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equal  to  the  hokizontal  thrust  Hu  since,  for  equilibriufli,  the  algebraic  sum 
of  the  horizontal  forces  is  sero. 

Trussed  Thrse-hinged  Arch.  Bxample  37.  Fig%  60  tepre^ents  one-half  of 
a  TRUSSED  THREE-HINGED  ARCH  used  in  the  Libetml  Arts  Buildhlg  of  the  Colum- 
bian Ezpoiitioii,  Chicago,  111.,  1893.  (See  Engineering  Reoofd»  Juty  9,  1893.) 
Fig.  60a  b  the  strM»Hliagram  for  the  loading  shown  hi  Fig.  60. 

Combinttf  Oft  of  (Ifereises*  In  Examples  35  and  36  only  the  effect  of  vertical 
loads  has  beflb  cobsklsred*  Where  three-hinged  arches  are  employed  they 
must  be  designed  to  carry  deikd,  know  and  wind-loads.    The  dead  and  mow- 


Fig.  61.    5th  Regiment  Annory,  Baltimore,  Md.    Trals-dSagMR 
Fig.  61a.    Sticfls-diagram 

-^'         loads  are  vertical  loads  but  the  snow-load  is  not  symmetrical  in  all  dasis.    The 
j  wind-load  is  usually  considered  as  acting  normal  to  the  roof.    In  order  to  be 

sure  that  the  maximum  stresses  are  obtained,  the  stresses  for  the  (oyowlng  con- 
ditions of  loading  must  be  found  and  combined, 
(a)  For  DEAD  load  only, 
^  ^'  (b)  For  SNOW-LOAD  covering  left  half  of  roof, 

^■'  {c)  For  SNOW-LOAD  covering  right  half  of  roof, 

'■^''  (d)  For  WIND-LOAD  acting  normal  to  roof  00  left  of  center, 

ie)  For  wuio^ieAd  acllia«  iu)niiftl  to  foof  (m  Ht^t  ot  ccfitet.        i 
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Fig.  61b.    Stik  Rffgimfiiit  Armofy,  Ffg.  61c.    £th  Re^moit  Armofy,  Bahmwre. 

BaltunoR,  Md.    Stitw-diagFain  Md.    SCreM-diagnm 
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Fif.  61i>.    5th  Regimeot  Annoiy,  Baltimon:,  Md.    Tna»-daigfBa 
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Hie  streases  lor  the  above  conditions  of  loading  are  to  be  fbitod  for  one-half 
of  the  arch.  In  oombining  the  stresses  those  which  Occur  at  the  sumfc  time  are 
to  be  used  in  determining  maximums.  Many  engineers  do  not  ocmsidet  snow 
and  wind-loads  acting  on  the  same  portion  of  the  roof  simultaneously. 

Tmtt^d  Thraa-hini ^d  Arch.  Bnmiilt  a8.  Fig.  61  shows  one-half  of  a 
TSUasBD  TBasx-HlNOKD  AKCtt  With  the  dead,  spow  and  wind-loads  indicated  at 
each  of  the  upper-chord  joints.  This  form  of  truss  supports  the  roof  of  the 
5th  Regiment  ArmDry»  Baltimore,  Md.,  described  in  the  Engineering  Record 
of  May  14,  1904.  The  stresses  for  the  loadings  sperified  above  will  be  deter- 
mined and  it  will  be  shown  how  these  are  to  be  combined. 

Daad-XiOtd  StreMes.  The  reactions  are  obtained  by  the  method  used  m 
Example  35.  Vi  is  77  900  lb  and  Hi  33  000  lb.  Fig.  61a  is  the  stress-diagram 
for  the  members  shown  in  Fig.  61. 

Sttow  en  left  Half  of  Span.  Assuming  that  the  snow  covers  the  portion  of 
the  arch  shown  hi  Fig.  61  and  taking  the  center  of  moments  at  the  middle  pin, 
it  is  found  by  moments  that  Vi  is  equal  to  26  700  lb  and  Ht  b  equal  to  is  000  lb. 
Beginning  at  the  support  the  stress-diagram  diown  in  Fig.  61b  is  readily  drawn. 

Snow  on  Right  Half  of  Span.  With  the  snow  on  the  right  of  the  crown,  the 
portion  of  the  span  shown  m  Fig.  61  is  unloaded.  The  total  snow-load  is 
41  aoo  lb  and  it  has  just  been  found  that  the  vertical  reaction  at  the  support 
adjacent  to  the  loadmg  is  26  700  lb;  hence  the  vertical  reaction  at  the  other 
support  is  41  200  less  26  700  lb  or  14  500  lb  or  Vi  for  the,  case  considered.  Since 
the  moment  at  the  middle  pin  is  sero,  Vi  (half  the  span)  less  Ht  (rise  of  the  arch) 
equals  sero,  or  14 500 X 95.16  —  HiX 92.0 •■  o;  and 
Bi  -*  (14  500  X  95*i6)  -1-92  «  15  000  tb  which  is  the 
same  as  found  above.  As  before,  beginning  at  the 
left  support,  the  stress^liagram  is  constructed  as 
shown  in  Fig.  61c. 

Snow  Covering  Bndre  Span.  The  algebraic  sum 
of  the  stresses  found  from  the  two  cases  above  for 
snow-loads  will  give  the  stresses  produced  by  a 
snow-load  covering  the  catke  span. 

Wind-Load  on  Left  of  Crown.  Hiere  no  two  of 
the  loads  are  paralleL  This  condition  inoeases  the 
labor  in  finding  the  reactions.  These  may  be  com- 
puted by  moments,  but  a  graphical  method  is  L^^^^*U.~^^^ 
found  more  oonvenicot.  The  direction  and  mag-  «..  ^-  it*k »  •  *  a 
nitude  of  the  resultant  of  the  wind-forces  are  Erst  ^^aUi^^^^vJ^ 
found  by  graphics.  As  shown  m  Fig.  61e,  the  wind-  poiygoa 
loads  are  fadd  off  in  order.  Then  3-13  is  the  direc- 
tion and  magnitude  of  the  resultant.  Next,  from  any  point  0  draw  the  strings 
5i,  St,  5s,  etc,  and  construct  the  equilibrium  polygon  shown  in  Fig.  61t>,  begin- 
ning by  drawing  string  S\  from  A,  and  so  on  until  string  Sw  cuts  the  line  BC 
passing  through  the  middle  pin  and  the  pm  at  the  right  support.  This  is  the 
direction  of  the  reaction  at  the  right  support.  In  Fig.  6lE,  from  13  draw  a  line 
panUti  to 5C  and  from O  a  Uneparallel  to  5* in  Fig.  61b,  sad  prolong  them  until 
they  meet  at  i.  Then  1-3  is  the  reaction  at  A  and  13-1  that  at  the  right  support. 
Resolving  these  mto  vertical  and  horizontal  components,  Ki  equals  23  406  lb. 
If  I  equals  13  200  lb,  Vt  equals  18  000  lb  and  Et  equals  18  600  lb.  Fig.  61f  shows 
the  stress-diagram  from  the  left  support  up  to  the  crown. 

Wind-Load  on  Right  of  Grmm.  Sfaice  Hw  reaction  at  A,  Fig.  61d,  produced 
by  this  load,  must  pass  through  the  hinges,  or  pins  A  and  C, 
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will  ^  <?zft^  vmkf  m  sIu^p^  (p  tl)a<t  sfoowp  m  Fig.  Olc;  |m4  |1u»  v9|Iii«9  pf  Vt 
«od  ^1  wiU  b<!  ;a  QQO  )b  an4  x3  6qq  lb  i^^ppctivei^r.  T\^  A(rewes  wUl  b^^  n 
diim  ppoportioo  to  ^9  9U?ss^  fou(»4  <rom  Fjg.  0lc,  im^  \mm  »  new  diA«i»iB 
is  not  nec^agwy, 


lF|g.61i.    fitk  K^gimaU  Amofy.  Baltiinon,  If  d.    StMtt^li^nm 

ComUiuition  pf  Stntsff ,  The  maximum  stresses  may  no^  bf  cleteni»|i)e4« 
To  illustrate  i|ie  m^M^od,  cpnsider  the  lower  chord  1-37. 

tt) 

(f)  Deai^load  stress,  -f  22  100 

(i^)  6f«9W  on  left  of  crown,  —  14  300 

(fi)  Snow  on  right  of  crown,  +  37  800 

(4)  Wm^LOAB  OR  left  of  oown,  —  31 600 

(e)  Wx|n|-LOAO  on  ripikt  ef  crown,        -f  46  900 

(/)  Snow  over  all,  +13500 

Total  stress  without  wind,  +  $9  900 

(fl)+(e).  +6$  000 

(a)  +  (rf),  -  J5«> 

The  maximum  stresses  are  69  cop  |b  ow^pression  #nd  9  ^pp  )^  tW^Mop.  Mmm- 
iqg  (b^  tbe  wM  fuM  snow-loads  are  no(  oonsMpred  to  f^rt  oi)  tllD  Mfliie  ijde  pf 
the  PrQWH.  If  DP  such  restriction  is  mi4pr  tb^mftzimum  Stfwsos  arf  |Q<)  9Qoib 
oopupTPasion  apd  23  Boo  lb  tension,  J»  ft  like  n^wmer  the  maTJmwBn  ^tfpsf  |n 
e^  member  of  the  tn^as  is  detennmed.  Tables  ^PX  ^pd  X^  |pvf  ||i«  VAX* 
Xtfuy  BpL£S^  fpr  ^  n^fipiben  shpwn  ifi  ^i|j.  61. 

StrtMi*PUinui»t  for  Tbrf#^hiii<Ml  Aftthftf.  ThaBsuis-oiAOBAiisfatfat 
abovf  cases  drs  very  diiicult  to  coostruct  oviag  to  the  gvaat  number  ol  Koa 
and  the  (li^cul^y  in  drawing  them  exactly  parallel  to  the  Ihies  of  tM  tnus* 
diagram.  Qua  or  mora  nicmbefs  should  be  cxxnputod  m  *  check  <m  the  giapln 
ical  work. 

Tl9»tTl|iii«B4  Anil  vitli  Tla^RAd.  Theintraductloaof  aT»-iflDOMiaect- 
Wg  ibft  md-Biiis  ol  d  i»»:k-buiqbo  aipB  and  pMog  sm^BS  umUr  oae  end 
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tira  tmm  r^ftl^  m4  «  toifpnMU  tk-  Uo^W  Vif^  AMdiof,  the  rapportr 
ing  forces  are  vertical,  but  fof  wM-^tm^^  Umi  MlPiortiAK  Uaco  At  tbe  end  witib> 
out  rollers  is  inclined.  The  stresses  in  the  truss-members  are  the  same  as  found 
above  for  the  'ni»RS-9P«ai9  arc»,  XhC  f^9»  I*  thfeio^Wid  equals  the  hori- 
sontal  thrust  found  above  at  the  roller-end  for  the  given  loading.  The  support 
at  the  roller-end  is  designed  for  vertf  cil  forp^  oniy,  while  the  support  at  the  other 
end  mu^  re^^t  Ih^  vf ftical  Fi|^c|ion  and  |he  total  horizontjil  component  of  tha 
forces  acting  on  th*  v^rUPtmre,  q^  fot  igofs  ^e  horizontal  cpmpoiuot  of  the  wipd'' 
forces.  This  is  very  much  ima|lflf  tim  tl)^  bprifOQtAl  force  which  must  b^ 
leaistMl  whiSB  thf  ftiucture  is  wit|uMit  a  ti^-fod  Of  f^  ifm  TPft|SB-BiMOED  arch. 


T#b|e  IV^    ThM9-blqie4  Afc^    C|KV<l-9tro§s«B 
ThooMUid  9oands 
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*  By  pcopQfftiaii,  18  foo  j  i|  ooo. 

71«-Ito4 194  90  RADcni-  l<  the  gp»«i^  ap?  Qmi\^  W  %  t}£^rop  \&  u^, 
th«  stress  in  ^  tie-rod  ^  (}ie  r^^^ion^  ff.re  u:^detennina^.  They  dppeod  upon 
t)ie  rf  U^ve  rij^ti^  9f  tl)«  tlA-rqd  T^^d  tine  pwtorifd  composing  Uia  R>ppom« 
If  the  ti^-iJod  }s  m«d(i  veiy  b^y/  99  l^(  1(9  9^(^  yrU)  b^  wf  amMl  when 

Digitized  by  VjOOQIC 


1128 


Stresses  in  Roof-tVusses 


Chap.  27 


stresaed.  the  streaacs  in  all  members  of  the  structure  may  be  taken  the  same  as 
found  for  the  condition  where  rollers  are  used,  and  the  horizontal  component  of 
the  wind-load  equally  divided  between  the  supports. 

Table  ZZ.    Three-hfaiffed  Arch.    Web-StreasM 

Thousand  pounds 


Snow  on 

Snow  on 

Wind 

Wind 

Mas.  Stresses 

Meinber. 

Pif.ei 

Dead 

load. 

Pig.«U 

left  of 
crown. 

Plg.«lB 

right  of 
crown, 
PiC.6iC 

Snow 
owaU 
thasoof 

on  left 

of 
cfownt 
Pic.  fly 

on  right 
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crown.* 
Pig.  810 

Ten- 
sion 

Com- 
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-  4.9 
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+  2.1 

-  1.7 

-13.7 
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16.5 

3&-37 

+10.4 

+  0.3 

+14.5 

+14.8 

-18.S 

+18.0 

8.1 

is*? 

34-35 

+145 

+  8.3 

+13.0 

+21.3 

-18.6 

+16.1 

4.1 

*.9 

3*-33 

+17.8 

+12.7 

+10.6 

+233 

-15.4 

+13.1 

43.6 

30-31 

+19.7 

+13.8 

+  7.6 

+21.4 

-10.7 

+  9.4 

43.9 

aft-a9 

+».3 

+».3 

+  4.7 

+17.0 

-  4  9 

+  5.8 

Ji.4 

a6^ 

+18.7 

+  9.3 

+  1.2 

+10.5 

+  3.4 

+  1.5 

.... 

ag.s 

24-25 

+153 

+  54 

-  1.8 

+  3.6 

+10.8 

—  2.2 

a6.i 

22-23 

-fio.a 

+  15 

-  51 

-3.6 

+190 

-6.3 

29  3 

ao-«i 

+  9.9 

+  3.5 

+  2.0 

+  5.5 

+  3.4 

+  2.5 

159 

18-19 

-  0.7 

-  9.3 

-  2.7 

—12.0 

+  6.6 

-  3.3 

13.3 

5-9 

16-17 

-13.6 

-6.8 

-  8.1 

-14.9 

+10.9 

-lO.O 

30.4 

14-1S 

-43.3 

-159 

-11.4 

-373 

+  2.8 

-14.1 

72.3 

37-38 

-  7.1 

+11.2 

-23.0 

-10.8 

+29.8 

-37.3 

S3. 3 

32.7 

35-36 

-12.9 

-  35 

-16.3 

-19.8 

+24.9 

—20.2 

36.6 

la.o 

33-34 

-16.8 

-15.8 

-10.4 

-26.2 

+18.8 

-12.9 

45.5 

a.o 

3i-3a 

-179 

-19.2 

-  4  3 

-23.4 

+10.0 

-  5.3 

43.3 

39-30 

-17.9 

-17.0 

+  0.6 

-16.4 

+  1-4 

+  0.7 

34.9 

.... 

27-a8 

-14. 1 

-II.6 

+  5.0 

-  6.6 

-  7.4 

+  6.2 

35. 7 

.... 

a5-a6 

-9.4 

-  5.3 

+  8.7 

+  3.4 

-17.0 

+10.8 

36.4 

1.4 

23-14 

-  4.7 

+  0.4 

+11.0 

+11.4 

-23.3 

+13.6 

2B.0 

9.3 

2I-» 

+  3.0 

+  5.2 

+13.1 

+183 

-29. 5 

+16.2 

36.S 

34.4 

19-ao 

+  0.8 

+  1.6 

+  3.1 

+  4.7 

-  7.4 

+  3.8 

6.6 

6.2 

17-18 

+18.5 

+  9.a 

+10.9 

+20.1 

-14.8 

+135 

.... 

41. a 

IS-X6 

+36.3 

+16.8 

+17.8 

+34.6 

-19.1 

+32.1 

.... 

TS.s 

*  By  proportion,  18  600 :  15  ooo. 

ChA0CM  in  T«mptnititr«  do  not  seriously  affect  the  stresses  in  the  members 
of  a  TRVB  TKXXE-BiNGED  AiCH,  or  one  with  a  tie-rod  and  rollers  at  one  cskd, 
as  the  change  in  geometrical  shape  Is  quite  small.  For  the  arch  with  a  tie-rod 
and  no  rollers,  the  effect  of  changes  in  temperature  may  affect  the  supporting 
forces  if  the  tie-rod  is  not  so  protected  that  it  will  change  but  little  froin  its 
average  temperature.  In  most  structures  this  is  the  case  as  the  tie-rod  is  in  or 
under  the  floor  of  the  building. 

Th«  Two*hinged  Arch  differs  essentially  in  construction  from  the  nntEB- 
■iNGED  ARCH  in  having  only  two  phis  or  hinges  which  are  placed  at  the  supports. 
Fig.  62  shows  the  form  of  truss  which  will  be  used  in  explaining  the  metbod  for 
finding  the  stresses  in  the  members  of  the  truss. 

Supporting  Forces.  The  bufportino  vobcbs  are  inclined  but  can  be  re- 
solved into  vertical  and  horuontaJ  components.  The  vertical  components  axe 
readily  found  as  they  are  the  same  as  for  a  simple  truss  on  two  supports.  The 
horiaontal  components  depend  upon  the  arbab  of  the  members  and  their  koduu 
or  ElAsnciTY  when  the  dimensions  of  the  truss  and  the  kMuling  are  known. 

Digitized  by  VjOOQIC 


Trussed  Aichc^ 


1129 


Horiiontal  Tlinist  for  Vertical  Loads.    This  can  be  found  from  the  formula 

where  the  symbob  have  the  significance  given  on  page  io86.  But  this  OTMit^y 
the  unknown  area  A  for  each  piece.  For  a  preliminaiy  trial  the  procedure  Is  as 
follows:  In  the  truss  shown  in  Fig.  62,  divide  the  qxtn  into  twenty  equal  parts 
and  at  the  centers  of  the  divisions  erect  verticals.  Through  the  points  on  these 
verticals,  midway  between  the  chords  of  the  truss,  draw  a  smooth  curve  as  shown. 
This  line  will  be  designated  the  axis  oi  zhk  aicb.    Number  the  points  desig- 


f  ML        jll,        i"^       il»^        I"         !ll 


fig.  08.   Two-Ui«ed  Aich. 


TiraBft-dlignm 


.j> \>A^ 


nated  above,  x,  2,  3,  etc.,  as  shown  in  Fig.  62,  and  let  x  and  y  be  their  coordi- 
nates with  the  left  support  as  the  origin.  Scale  the  length  of  the  curve  between 
the  centers  of  the  divisions  so  that  y  is  practically  the  ordinate  of  the  center  of 
the  short  length  of  curve,  and  call  this  length  of  the  curve  ^.  On  a  radial  line 
at  each  pomt  numbered  x,  a,  3,  etc.,  scale  the  distances  between  the  upper  and 
lower  chords,  calling  the  distance  h  and  compute  ^  A*  -  /,  which  expresses, 
approximately,  the  MOiciEMT  or  inertia  of  the  section  when  the  chord-areas 
are  unity  and  the  web-members  are  neglected.  Let  M  represent  the  bemdino 
MOMENT  At  any  point  having  the  absdssa  x,  of  the  loads,  considering  the  truss  as 
a  simple  beam  on  two  supports;  or,  for  a  single  load  P,  M  "  Rx—  P  {x—  a), 
X  hang  greater  than  a,  where  a  is  the  distance  of  the  load  P  from  the  left  sup- 
port. Then  if  Ss  +  EI  is  represented  by  ^  the  horizgntal  thrust  can  be  found 
from  the  formula, 


Hi-Si/y^-f-Sy^ 
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Chap.  27 


Fbr  tht  venlcal  lottdin^  i^oim  in  Fig.  t%  th«  viihie  bf  l^i  b  ie6  oo6  lb,  niid  Vu 
being  one-half  the  total  bad,  ia  19$  000  lbs  The  streases  in  the  memben  of  the 
truss  can  now  be  found  by  the  usdal  giaphidd  method.  The  mow-load,  if  any, 
must  be  treated  in  a  like  maimer.  The  computations  are  oonsiderabbr  dioitcr, 
wueSyV  fcnaiHsulidiangMl.  re^ardlsaB  of  the  k»diftft» 

Wllid«>LM(l8.  ^or  WtND^LdAtts  the  IirboesA  i«  iiOt  chaAj^  Vety  tttieh.  The 
vAliM  of  Jr  ife  the  hioment  of  the  wind>-loads,  uteumfais  the  ttuss  as  itntGKb  ttt 
the  H^t  Stti>p(]rt  Atid  on  koLLEA^  at  the  left  Mipport.  The  Vklue  6f  Vu  #hldi  H 
veftScftl.  Is  found  by  Ukidi;  the  sute  tyf  the  momehts  of  the  i^d-lotds  about 
the  hfa«e  at  the  tight  support  And  dividing  thh  by  the  length  of  the  s^im. 
The  value  of  Hi  is  found  from  the  formula  given  above,  and  then  the  stresses 
are  (bund  by  the  Ordinary  strtss-diagram.  The  liAXZifUM  stkbsses  are  now  found 
and  the  proper  AfcZAS  of  the  members  determined. 

llie  True  horizontal  llmMt.  The  method  Just  given  is  a  ck»e  appiozi- 
matioh  to  detehnine  the  a*£as  of  the  pieces  so,  that  the  oorftct  formula  for  Bt 
can  be  dpDiiedi   ThfetomiuUb 

where  the  symbols  hive  tlie  meanirtg  already  ^ven.  Applying  this  fonnula 
for  the  dead  kutd  dioWn  m  Fig.  62  and  Asbas  shown  in  Pig.  68,  the  ^Oe  of  ff, 

is  kio6te  lb,  nhiA  la  but 
litth;  different  frgtai  the  VahK 
found  by  the  approximate 
method. 

]>ead-L#adSlreM«».  Hie 
atros-diagrlun  for  the  dkad 
LOAt>  is  shown  in  Ihg.  tax. 
Considerable  care  nlust  be 
exetdaed  in  drawing  the  aticis 
diagrams,  gnd  their  comet- 
nesA  should  be  checked  bf 
oomputing  the  stresses  ia  one 
or  more  pieces.  Compare  Fig. 
e2A  with  Fig.  58A. 

ChAage*  in  Teffc^fUule* 
Unlike  the  ihsee-hinged  aicb 

the      TWO-HINGED      ASCH       IS 

affected  by  changes  in  tswerature  and  the  stxesses  which  are  piodiKed  by 
such  yhfng^  must  be  provided  for.  V| »  0  and  Bt  is  datenuhied  fram  the 
formula 

where  e  h  the  coe^ci^w  of  «;xpAMstdK  for  the  takiefi&l  eomi^dsiBg  the  tfnss, 
/•  the  fluMbef  6!  degi-eci  dttAKcfi  IN  TEid>fekATtJiik  and  L  the  spaK  of  the  truss. 
The  other  symbols  have  the  sigtttficanee  alfeady  given.  The  above  fofttiuU 
assumes  th&t  the  truss-memben  a^  of  the  s&me  kind  of  mkteHftl.  After  Bt 
haA  been  found,  the  stresses  can  be  determined  by  COhStMcting  the  StMA-dta- 
'gram  which  will  be  of  Ihc  shape  shown  In  Fig  68b. 

Tie-kod.  tf  a  TIE-ROD  connects  the  two  supports  of  a  two-sqichd  AacH 
the  remarks  made  concerning  such  an  arrangement  for  the  ibkek-hmcsd 
abch  apply  here. 


ng.<t2A.   Tm>4daiidAioh. 
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n*  fixkd  Afth.  hu  no  hlMgtfft  ifid  b  n  tyt)ift  #hidi  t§  teldoitt  «itt)^loyed  by 
itdiitectfl  in  the  tntas^fbnik.  The  riiHd  iuialyiris  of  &  ttnssfio  toaiD  much  b 
t«fy  ]Ott|{  ftnd  tedious,  m  A  f^  fonuillM  wfll  be  given,  necessary  for  the  solution 
of  ABCBES  Witta  abuli  WEBS,  Siidi  lU  l*tATE-GisDEX  ABCHES.  These  foniiulas 
may  be  appU^  to  trtiss-fonns,  where  the  chords  are  apt>naimately  parallel, 
without  serious  error.  Midway  between  the  top  and  bottom  chords  draw  a 
mooth  curve,  called  the  abch-axis,  and  designate  the  distance  betweeh  its  ends 
IS Itt  t^e  ft^AlV o^  'atlt  AXti.  iMvltie  the  span  into n  equal  pftrts  ftnd  at  the 
omteM  m  URSe  dfviSiMkS  dM#  perpendiculars  until  they  cut  the  afdi-axis. 


fig.  63.    MttdAfch.    Tnm-diagram 


Kombef  the  poiflt*  i,  i,  3.  fctt..  as  Aowti  by  Fig.  es,  which  ulso  indittttes  the 
nomenclature  employed. 

DMorttinatfMi  0^  ifi,  1^  iHd  thfi.  The  ecjulllhHum-pdfygbn  f6f  &  stfVgle 
mdined  load  is  shown  in  Fig.  63,  in  its  true  position  with  refetehce  to  the  ardi- 
azis.  This  k)catea  the  point  of  aciplication  of  Bi.  The  following  formuhs  are 
very  doae  approximations  for  uches  havliig  A  rise  fteater  than  one-eighth  the 

— I'-WI   -^-i 


Biyt 


„      B^i  -  ^fyi  ,  Biyi 

yi  is  measured  down  from  A  when  M^yi  is  negative.  It  is  the  sum  of  quantities 
it  g6^NnM  for  ftch  point  on  the  aithHuda  A(imbct«l  t»  fl»  3«  1  4  •  f»«  For 
etMipte 

«-(S),HS).^(b)i^- 
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Stresses  in  Roof^Trusses 


Chap.  27 


/  »  the  moment  of  inertia  of  the  chords  about  an  axis  midway  betw 
The  sections  of  the  chords  are  to  be  taken  on  radial  lines  passing  through  pomts  x, 

2*  St  etc.    X  and  y  are  the  oodrdinAtes  oi 
the  poinU  i,  2, 3,  etc,  in  Fig.  63 

H         L 
x-f—  -r  — 

2         2n 

Mg  is  the  moment  at  the  point  on  the 
arch-axis  having  the  abscissa  x,  assuming 
that  the  given  loading  is  supported  by 
the  axis  hinged  at  the  ri^t  end  and  00 
rollers  at  the  left  end.  fx  is  the  icactioo 
at  the  left  support  under  the  oondltiaos 
specified  for  mg.  In  the  above  fonnuias 
the  on^  terms  which  depend  upon  the 
loading  are  those  containing  mx  and  ru 
the  others  being  constant  for  any  given 
arch.  While  but  one  load  has  been  used, 
any  number  may  be  used  by  oonaideriQg 
Ms  and  f  1  as  the  sum  ol  the  respective 
quantities  for  each  load. 

StrtMM.  The  stsesses  in  the  truss- 
members  can  be  found  by  the  oidlnaiy 
graphical  methods  when  Hu  Vt  and  ffiji 
are  known.  For  example,  assume  the 
numerical  values  shown  in  Fig.  64.  The 
resultant  of  Vi  and  Hi  is  resolved  into 
two  components  parallel  and  perpendic- 
ular to  the  bottom-chord  member  at 
the  support.  Then  T  must  act  at  the 
upper-chord  joint  as  shown.  The  two  reactions  parallel  to  the  bottom  dioid 
are  found  by  moments.  The  stresiKiiagram  can  now  be  drawn  beginning  with 
these  forces  and  proceeding  until  the  right  support  is  reached. 


HfUfiOO 
Fig.  64.    Fixed  Arch.    RcMtiaas 


Synaetriail  T^^a^inj 
hence  Vt  -  ft.    Also 


Changiw  ol  Ti 


When  the  loading  is  symmetxktilp  Hch  -*  Hm  ud 


For  temperatiire-cfaaogeib 
Ht^ef^L-i-XyA'* 

ZyK 


Biyi  -  Htyt  -  Ht 
ZyK 


1%.  Arches  with  SoUd  Ribs 

Arehst  with  SoUd  Bibs.  While  this  chapter  oonsklecs  nusss  only,  it 
may  not  be  out  of  pUoe  to  briefly  consider  axches  havimo  solid  bibs.  The 
computations  for  Vu  Hi  and  Bi^g  remain  unchanged,  excepting  that  /  now  it 
the  moment  of  niertia  of  the  radial  section  of  the  rib  at  points  i,  9,  3,  etc 


yGoogk 


AidKS  with  Solid  Ribs  1133 

n  X'Und  y  are  the  oottrdinates  of  any  point  on  the  gnvity- 
azis  of  the  rib,  which  should  coindda  with  the  arch-axis,  the  bendini^  moment 
at  this  point  is,  for  each  load, 

x>a  «>• 

H^yi  is  negative  when  yi  is  measured  below  A  in  Fig.  64. 

Msc 

5.— 

where  c  is  the  distance  from  the  gravity-axis  to  the  outermost  fiber.  For  the 
TWO  and  thbse-hinokd  abcbes,  B^yi  -  o. 

Sadial  ShMT.  Let  Bg  be  the  algebraic  sum  of  all  the  horiaontal  components 
on  the  left  of  the  section,  V^  the  algebraic  sum  of  aU  the  vertical  components 
on  the  left  of  the  section  and  6  the  angle  which  the  radial  section,  upon  which 
the  shear  is  wanted,  makes  with  the  vertical.    Then  r« -  VsCOiB-  HsWi$. 

Two*hiiic«d  Panbollc  Arch*  If  the  denter  Hne  of  the  soup  rib  is  a  par- 
abola, when  £/  008  0  is  a  constant,  the  following  shnple  formulas  give  the 
vahiesol  Kisnd  J7i! 

K,-i'(i-*)-Oif*(i-.*) 


H,-H^/>(*(t-2*«  +  *»)l-(?  |i-*ls(x-*-aik«-h4**)-8ik<l| 


and 

in  which  k'^a  +  L  (Fig.  63),/ia  the  rise  of  the  axis,  P  is  the  vertical  load  acting 
down,  Q  is  the  horizontal  load  actmg  from  left  to  right  and  /o  is  the  moment  of 
inertia  of  the  section  of  the  rib  at  the  crown. 

FlJMd  PtraboUc  Arch.  In  like  manner  the  following  formulas  appty  for 
the  arch  without  hinges: 

K-/> (I -*)«(!+ 2*)-^<?U-W 

Hi-^/»*»(i-*)«-0{i-f**(-iS  +  So*-6o*»+24*«){ 

i5riyi-j/'*(i-*)«(5*-a)-/Q{2JKi-A)»(2-7ik  +  8ik»)} 

Bt  -  H£/,e<*        Bm  -  — ,iS/.eC 
4/  2/      • 

The  values  of  the  factors  containing  A  in  the  above  formulas  are  given  in  tabular 
form  in  A  Treatise  on  Arches.* 

Circntar  ArchM,  with  solid  ribs  of  constant  cross-section  and  the  center  line 
sn  arc  of  a  drde,  may  be  con«dered  by  using  formulas  somewhat  similar  to 
those  given  for  parabouc  arches  but  very  much  longer  and  more  complex. 
Formulas  and  tables  for  their  solution  are  given  in  the  treatise  on  arches  referred 
to  above. 

•  A  Ticattae  od  Ardies.  by  Malverd  A.  Howe,  John  Wiley  &  Sons,  Iiic.r^ew  York. 
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An  Iiifliieiic«-Llii«  is  a  line  showing  the  vaii^tlop  |n  any  fun^fon  ml  ^n; 
section  of  a  beam  or  for  any  member  of  a  truss,  caused  by  a  ^ngle  load  moving 
across  the  span,    for  convenience  the  loao  is  U9ya}]y  qpnsid^zBd  as  unity. 


FIb.  85.    lofluiaos-UaM.    iMctioBS  for 


Ee»«|iiNi  for  t  Single  I.9A11*  U^y9$dp.yig-^,tmmfnmAttmudi 
^,  the  M%  n^action,  wh«n  p  k  m^^  x  Um  3,  i§  nmmmd  tlabwif^Jly  by 
Ri"  Px  +  L,  which  is  an  equation  ol  a  straight  Une.  If  M^%  A  w  «  imd 
if  X "-  L,  ^i "-  P.  If  we  make  ac^  P  and  draw  the  two  straight  lines  oi  and  cb, 
the  ordinate  de  immediately  below  P  is  the  yahie  pf  ^  (pr  this  podtion  af  P, 
Uac"  unity,  then  Ri»  P  {de). 


t    cj)    ^    & &    " 


Reaction  for  More  than  One  Load,    The  ripactipn  fgr  My  AMIR)^  ^ 
concentrated  loads  can  be  found  as  shown  in  Fig.  M. 

«1  -  ^.#1  + /'•Of  +  Pit*  +  f  «•« 

Bending  M omemt  for  a  Single  Load.    The  moment  at  C,  1^.  67,  when  P 

^^     When  the  load  b  at  C.Af-F^^ 
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b  on  the  right  of  C,  is  if  -  i^ia  -  • 


Influence-LJM8  (or  Simpfe  Bwm  &nd  Trusses 


im 


994  wiMn  At  ^.  4^1-  Q.   For  4U  positions  of  P  upoQ  t^khQiC^M^M 
-J»i^^^^.    When  P  fa  at  i4.  If- o,  and  idien  at  C,  If- P^^^^^^ 

-P^^\    «  fa  Fig.  67 the  figure  miff  is  drawn  wjth/^- ^^21^ 

I  al  C  for  Mar  load  hi  susr  pMtioB  » />  (^). 

lCofli«it  45r  Aay  Number  of  Concentrttod  Lotdt.    The 
at  tht  |)oiBt  C  for  the  loading  afaown  hi  Fig.  Q8  is  Mmf^^f^ 


Ffi.  fl9-    Tnfli|itncr-|inc».    Moments  fop  Beams 


-f  Ptai  +  P«04.  This  gives  the  monent  at  C  ior  a  given  pos|ticm  of  the  loads, 
but  Ihit  fa  not  necessarily  the  gbeaiest  moment  which  these  loads  may  cause, 
as  same  other  position  may  cause  a  grsater  moment.  The  greatest  moment  at 
C  win  obtain  wh^  some  concentration  fa  at  C.    Let  P  be  this  foncentration  and 


Fig.  60.    Influenoe-Iines.    Moments  for  Tnissa 

assume  it  to  be  divided  into  two  parts,  nP  fmd  mP  so  that  fi  +  m  -  x,  and  n  is 
greater  than  zero  and  less  than  i.  •  The  maximum  moment  at  C  will  occur  when 

Pi-ffPf^Pt-^P*     Pi^nPt 


T)i^  poio^  W  tho  bMPl  where  aay  givon  moving  load  causes  the  GBSAntr 
9cmn^  MOMENT  fa  sp  situated  that  the  middfa  of  the  span  fa  halfrway  between 
it  and  the  center  of  gravity  of  the  load.  Since  a  concentration  will  always  be 
4t  tJ»C  point,  %  few  (riaJs  Will  dfiUsmm  the  ppoper  ponpeatration  to  we.  ^or 
«XMnpiffi  two  «}ui4  f:pA(:potml«4  load^  should  h^  placed  op  thisb^fi^f^  thi^ 
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the  middle  of  the  span  is  at  the  quarter-point  between  the  ooocentxmtions.  Tlie 
ICAXXMUM  MOKSNT  lalls  Under  the  concentration  nearer  the  middle  of  the  q«ii. 

Chord-Mtmber  in  Trass  with  One  Sot  of  Wsb-Msmbors  Vortlaa.  In 
Fig.  69  the  top  chord  member  UtUt  has  its  center  of  moments  at  JU  and  the 
bottom  chord  member  LiLt  at  Ut.  The  zntluzncx-diaoram  for  the  moments 
at  Z«  and  Ut  is  precisely  the  same  as  shown  in  Fig.  67.  The  SKimcnt  produced 
by  any  load  P  h  P  {de).  As  long  as  one  set  of  wrbrfwimbwy  is  vcftkal  the 
XNVLX7ENCS-DIAORAM  wiU  be  identical  with  that  shown  in  Fig.  69,  regaidleas 
of  the  inclination  of  the  diagonals  or  the  chord-members. 

Chord-Membors  in.  Truss  with  Inclined  Web-Members.  The  moments 
at  points  in  the  loaded  chords  Fig.  70,  have  imrLVENCE-DiAGRAMS  identical  with 


Flf.70. 
Ui         Ut         U, 


MV^TA'. 


Fig.  71 


that  shown  by  Fig.  69.  For  the  unloaded  chord  a  slight  modification  must  be 
made.  For  example  let  £/s  be  a  center  of  moments,  then  if  the  loads  were  on  a 
beam,  mgn  would  be  the  intluence-diagraic  (Fig.  70).  For  all  loads  on  the 
left  of  Lt  and  on  the  right  of  Ls  the  diagram  is  ooirect  and  the  moments  at  Vt 
*  Pidt  and  Pttot.  For  loads  between  Li  and  U  draw  the  line  rs.  The  moment 
at  Ui  is  Ptat. 

Web-Members  of  Trasses  with  Parallel  Chords.    Fig.  71.    Tlie  stitas 
in  UiU  equab  the  shear  in  the  panel  UU  multiplied  by  tl|e  secant  of  0,    The 
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DflxtnEMCB-DiAGRAM  will  be  drawn  for  the  shear.  For  any  load  between  Lt 
and  Bt  the  shear  in  this  panel  equals  Rt\  hence,  with  a&  as  a  reference-line,  ba* 
is  the  iMn.uXNCE-LniB  for  Jli  and  the  shear  is  /'«a4,  Pads,  etc.,  until  the  point  U 
is  readied.  In  like  manner  of  is  the  ntrLufiNCK-uKE  for  Ri  and  the  ^ear  for 
k>ads  on  the  left  ol  £s  is  PiOi.  The  shear  for  the  loiuis  P\  between  Li  and  L% 
isifileBthtttiaimtaf  is  whikh  is  transferred  to  It.  The  mFLUENCE-4>ZACSAM 
lor  the  reactions  of  Ps  on  a  span  LaU  is /ye.  The  shear  in  this  panel  due  to  P% 
VkPt  idd")  km Pt  {d'c)  at P9H>    A  load  at  A  produoes  no  shear  hi  the  panel. 
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CHAPl^R  XXVill 
ftfeglGN  ANb  CON8imUCXION  OP  AOOF-TEU88BS 

MALVKAD  A.  MOWK 

PROFESSOR  OF  CIVIL  ENGINEERING,   ROSE  POLYTECHNIC  INSTITDTE 

L  Design  of  Wooden  Trusses 

Proportioning  the  Members.  In  Chapter  XXVII  it  has  been  shown  how 
the  STRESSES  in  the  members  of  a  truss,  supporting  known  loads,  may  be  found. 
The  next  step  is  to  proportion  the  members  for  the  stresses  which  they  have 
to  resist.  The  methods  employed  and  the  allowable  unit  stresses  are  given 
in  detail  in  Chapters  XI  to  XVI,  inclusive.  For  example,  tension-members  are 
conadered  on  pages  385  to  400;  steel  strut-beams  and  tie-beams  on  pages  571 
and  572;  and  wooden  strut-beams  and  tie-beams  on  page  633.  As  a  matter 
of  convenience  the  unit  stresses  used  in  this  chapter  are  given  in  the  following 
table  in  a  condensed  form.    White  pine  is  here  used  for  the  wooden  trusses. 

TaMe  L    Allowable  Uhit  Stresses  Used  in  Tmss-Deaign  * 


Material 

Kind  of  stress 

Safe  unit  stress 
lb  per  sq  in 

White  pine 

Tension  with  the  grain 

700 
SO 

I  ICO 

aoo 

aoo 
1 100 

ICO 

soo 
700 

MOOO 

7500 
15000 
15000 
16000 
10  000 
aoooo 
aoooo 
16000 

9000 

Tension  acrom  the  grain 

•• 

Compression  on  end-fibers 

■■ 

Compression  across  the  grain          

■• 

Compression  across  the  grain,  round  pins. . 
Crtlwrinut  ^n''<T  75  diam  long  .   .        

«• 

•• 

Shflar  with  thf  gmin   .    .          

M 

Shear  across  the  grain                              . .  . 

•■ 

Transverse,  fiber-stress 

Wroogfat  ixon 

<• 

•• 

«■ 

Rolled  steel. .'.'!!!! 
•• 
•• 

•« 
«« 

Bolts  in  tension 

Bolts  in  shear . .  •  

Bolts  in  bearing 

Bolts  in  bending,  fiber-stress 

Bolts  in  tension 

Bolts  in  shear 

Bolts  in  bearing 

Bolts  in  bending,  fiber-stress 

Beams  in  bending,  fiber^tress 

Beams  in  shear 

*  These  must  be  modified,  when  necesssry  to  comply  with  building  laws.    White  pint 
b  used  for  the  examples  in  this  chapter  because  of  the  difficulties  in  making  the  jointo 
owing  to  the  relative  softness  of  the  wood.    If  one  can  design  a  truss  in  white  pine  be  will 
have  no  trouble  with  the  design  of  trusses  constructed  with  other  kinds  of  wood, 
t  See,  also,  Table  I,  page  449,  and  Table  XVI,  page  647- 

Inclined  Surftces  of  Wood.    The  normal  intensity  of  the  stress  on  in- 
clined surfaces  may  be  found  from  the  empirical  formula 

f-ff+(^-fl)(^/9o)« 

Digitized  by  VjOOQlC 


Desisp  of  Wooden  Thuaes 


1139 


^idKre  f  equals  thft  permissible  nonnal  unit  stress  on  this  inclined  surface,  q 
that  across  the  fibers,  p  that  on  tKe  end  of  the  fibers  and  6  the  angle  the  inclined 
surface  makes  with  the  direction  of  the  grain.    For  white  pine  this  gives 

r»  200+^/9 

Round  Pins  on  End-Fiben.*  For  all  practical  purposes  the  permissible 
unit  stress  may  be  taken  as  the  mean  of  p  and  q;  or,  for  white  pine 

Hip-k-q)"  650  lb  per  sq  in 

Wooden  Columni  ovttr  Fifteen  IMunetera  Long.  The  formula  t  nsed  \n 
this  chapter  and  considered  amply  conservative  by  many  engineers  is  the 
formula  approved  by  the  American  Ridiway  Engineering  and  Maintenance  of 
Way  Association  in  1907.    For  white  pine  this  formula  is 

5i  -  5  (1  -  //6oi)  -  iioo  (i  -  //6oi) 

where  Si  «■  the  permissible  unit  stress,  5  -•  the  permissible  compression  on  the 
end-fibers,  /  -  the  length  of  the  column  in  inches  and  d  the  least  dimension  of 
the  cross-section  of  the  column  in  inches. 

Steel  ColiiflinB.  For  the  shapes  used  m  roof-trusses,  the  formula  advocated 
by  C.  E.  Fowler  in  his  specifications  for  roof-trusses  is  used  in  this  chapter: 

5i=  u  500- 500 //r 

where  S\  •  the  permissible  unit  stress,  t «  the*  length  of  the  column  m  feet,  and 
r  "  the  least  radius  of  gyration  of  the  cross^sectlon  of  the  column. 

Bauaple  i.  The  truss  shown  in  Fig.  1,  wiiich  is  the  queen  truss  shown  in 
Figs.  3.  12,  63  and  ^  in  Chapter  XXVII,  is  considerad  for  this  example.  The 
stresses  given  in  the  following  table  axe  used.  The  members  RR  are  wrought- 
iron  round  rods,  not  upset  at  the  ends;  and  all  other  members  are  of  white 
pine.  None  of  the  members  in  this  truss  is  subject  to  transverse  stress,  so 
direct  teneioii  and  comiiressba  aoly,  have  to  be  considered: 

Table  n.    Stresses  and  Dfanenslons  for  the  Truss  Shown  in  Figure  1 


Member 

Strew  in  pounds 

Dimensions 

A  

-i-ai  150 
+18  pop 
+«3aoo 
+  «4S0 
+  5tt» 
-17  ISO 
-M7S0 

-  8410 

6  by  6-in  white  pine 
6  by  6-in  white  pine 
6  by  64n  white  pine 
4  by  64n  white  pine 
4  by  6^  white  pine 
(«  by  84n  white  pine  or 
Three  2  by  8-ijx  pieces  with  W4n  bolu. 
3  ft  on  centers 
One  iM-in  round  rod 

B 

c      

D 

B 

N 

J# 

R 

VefUctf  Reds*  Fig.  1.  The  tension  in  each  rod  is  8  410  ib.  If  the  permis- 
sible strass  Is  ts  000  lb,  the  section*area  of  each  rod  is8  410  -i*  is  000  >-  0.70  sq  in. 
The  net  area  of  a  iH-in  rod  is  0.694  sq  in;  and  of  a  xM-in  rod,  0.893  sq  in.  The 
iH-in  tod  would  aiiewer  but  the  xH-in  rod  is  preferred. 

*  When  the  same  unit  stresses  sre  used  for'flat  and  curved  surfaces.  Tables  VII  and 
Vm.  pMges  430  to  45X,  of  Chapter  XII  may  be  used, 
t  For  other  fonnulaaaod  TaUea  based  upontbem, see  Chapter  XIV,paccs  449  to  452* 
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Rftftera,  Fig.  1.  The  stress  in  the  rafter  at  A  is  21 150  lb  and  at  B  18  900  lb; 
but  as  it  will  be  made  of  one  piece,  the  aze  is  governed  by  the  greater  itress. 
The  unsupported  length  is  about  9  ft,  and  awiiming  the  least  dimenMon  of  the 


piece  to  be  6  in,  5i "-  I  zoo 


V     60x6/ 


770  lb  per  sq  in.     21  150/770* 


37.5  sq  in  -  the  area  of  cross-section  required,  which  is  less  than  that  of  a  6  by  6-in 
piece.  A  6  by  6-in  timber  is  actually  5H  by  sH-in,  with  a  cross-sectional  area  of 
30.25  sq  in,  a  little  in  excess  of  the  area  required.  In  general  the  nominal  and 
STANDARD  sizes  of  timbers  differ  by  about  one-half  an  inch  in  each  cross-dimcDaDo. 


Fig.  1.    Queen  Truss.    (See.  also,  Figs.  4a.  10,  13  and  16  sad  Chapter  XXVH.  FIgk 
3,  12.  53  and  54) 

Member  C.  Fig.  1.  The  stress  in  this  member  is  13  200  lb  and  its  imsupported 
length,  12  ft.  In  this  case  l/d  -  24,  when  ^  -  6  in;  5i «  660  lb  per  sq  in.  The 
required  section -area  is  13  200/660  «■  20  sq  in.  and  hence  a  6  by  6-in  timber  is 
used.  The  top-chord  should  have  one  dimension  constant  in  oider  to  facilitate 
the  making  of  good  connections  at  the  joints. 

Braces,  Fig.  1.  The  stress  in  the  brace  Z)  is  6  450  lb  and  its  unsupported 
length  about  9  ft.  A  4  by  6-in  timber  is  first  tried.  Here  l/d  »  27  and  S\  -  605 
lb  per  sq  in.  The  required  area,  therefore,  is  10.7  sq  in  and  a  4  by  4-in  timber 
answers  the  purpose;  but  for  additional  stiffness  and  convenience  in  making  con- 
nections, a  4  by  6-in  piece  is  used.  Each  brace,  £,  has  a  stress  of  5  100  lb  and  a 
total  length  of  17  ft.  If  the  braces  are  bolted  where  they  cross  the  unsupported 
length  may  be  Uken  as  8H  ft.  It  is  evident  that  a  4  by  6-in  piece  is  ample  for 
each  brace. 

Bottom  Chord,  or  Tie-Beam,  Fig.  i.  The  maiimum  tensbn  in  the  bottom- 
chord  is  17  ISO  lb  in  N.  The  permissible  unit  stress  is  700  lb  per  iq  in;  hence 
the  net  section-area  required  is  17  150/700  >«  24.5  sq  in.  A  9  by  i24d  plank,  if 
continuous  from  end  to  end  of  the  truss  and  without  holes  and  notches,  will  take 
care  of  the  stress  alone  but  will  not  permit  of  proper  connections.  A  6  by  6-in 
piece  is  selected,  but  it  may  be  necessary  to  substitute  for  it  a  6  by  8-in  piece 
when  the  connections  are  made  and  it  is  spliced  in  the  middle.  If  the  member 
^s  built  up  of  planks,  three  2  by  8-in  pieces  are  required;  and  they  must  be 
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thoroughly  bolted  together  by  a  pair  of  bolts  every  2  ft  of  their  length.  If  24- 
ftand  14-ft  lengths  are  used,  the  joints  of  the  strands  will  be  about  10  ft  apart. 
Smnple  a.  For  this  example  the  truss  illustrated  in  Fig.  2,  which  is  the 
sdsaors  truss  shown  in  Figs.  4  and  24,  Chapter  XXVII,  is  considered.  The 
direct  stresses  for  dead  load,  wind  and  snow  were  found  in  Chapter  XXVII  and 
are  given  in  the  following  table.    The  rafters  and  the  bottom  chord  support 


Fig.  2.    Sdtton  Truss.    (See,  alao.  Chapter  XXVII,  Figs.  4  and  24) 

loads  between  the  joints  and  consequently  must  resist  cross-bending  stresses 
as  well  as  direct  stresses.  The  load  on  each  piece  is  given  in  the  table  under 
the  word  transverse. 


Table  m.    Stresses  and  Dimensions  for  the  Truss  Shown  in  Figure  2 


Member 

Stress. lb 

Transverse 
load,  lb 

Dimensions,  white  pine 

A 

+8000 
+6600 
+1890 
+    750 
-4  3SO 
-2530 
-187s 
-S400 
-187s 

I  000 

1320 

Two  i  by  8-in  planks 
Two  2  by  8-in  planks 
One  2  by  10-in  plank 
One  2  by  lo-in  plank 
Two  I  by  8-in  planks 
Two  I  by  8-in  planks 
One  2  by  lo-in  plank 
One  2  by  lo-in  plank 
One  2  by  lo-in  plank 

B 

D 

E     

F 

H 

5 

470 
384 

T 

Ti 

Rafter  B,  Fig.  2.  The  piece  B  rather  than  the  piece  A  is  considered,  as  it  is 
considerably  longer.  The  total  vertical  load  on  the  piece  acting  as  a  beam  is 
1 3  30  lb  and  the  horisontal  span  is  about  8  ft.   The  bendbg  moment  at  the  center 
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is  H  (i  330  X  8  X  xa) «  15  840  in-lb.  If  the  depth  of  the  piece  ifcawiimod  to 
be  8  in,  the  proper  thickness  is  found  from  the  equation,  15  840"-  V45&rf>  — 
^  (700  X  8  X  8  X  &),  or  6 «-  2.1a  in.  This  neglects  the  component  of  the  ver- 
tical load  parallel  to  the  rafter.  Considering  now  the  direct  compression  of 
6  600  lb  and  remembering  that  the  sheathing  is  nailed  to  the  rafter,  the  least 
dimension  tf  of  the  piece  is  its  depth,  which  may  t>e  taken  the  same  as  that 
used  for  the  piece  resisting  the  tkamsvessz  stuess.  The  unsupported  length 
of  the  piece  is  about  la  ft.  Then  Ijd  >-  18,  S\  •  770  lb  per  sq  in  and  the  required 
area  of  cross-section  is  6  600/770  «>  8.6  sq  in.  As  the  depth  b  8  in,  the  thickness  b 
about  i.z  in.  Combining  the  two  pieces,  the  total  thickness  b  2.12  +  i.i  «  3.23 
in,  and  a  piece  having  the  nomiiud  size  of  4  by  8  in  b  requbed.  Since  the 
sheathing  b  nailed  to  the  rafters,  two  2  by  8-in  planks  may  be  used  without  de- 
creasing the  stiffness  of  the  member.  While  the  above  method  of  deagning  a 
piece  subject  to  two  kinds  of  stress  b  not  correct  for  all  conditions  which 
occur  in  practice,  the  results  are  on  the  safe  side,  and  the  method  has  the  ad- 
vantage of  being  easily  applied. 

Member  S,  Fig.  S.  Considering  the  transverse  load  first,  the  bending  moment 
at  the  middle  b  found  to  be  H  (470  X  I5*S  X  1 2)  «  10  930  in-lb.  If  the  depth  b 
assumed  to  be  10  in,  the  required  thirknefw,  found  from  the  equation  10  930 
«  H  (700  X  10  X  10  X  &),  is  0.94  in;  or,  a  board  i  by  xo  in  in  cross-sectional  area 
will  carry  the  transverse  load  if  prevented  from  twbting  sidewise,  which  it  has  a 
tendency  to  do  in  thb  case  where  the  ceiling  is  attached  directly  to  the  member. 
The  side-stiffness  will  be  further  increased  when  the  additional  material  for 
resisting  the  tension  is  in  place.  The  net  area  for  the  direct  tension  of  i  875  lb 
b  2.68  sq  in,  which  requires  a  board  xo  in  wide  and  only  a  trifle  over  \i  in  thick. 
The  total  thickness  becomes  0.94  +  0.27  »  1.21  in,  and  it  will  therefore  be  nec- 
essary to  use  a  2  by  lo-in  plank. 

Member  B^  Fig.  S.  Thb  b  in  compression,  but  the  stress  b  quite  small, 
being  only  750  lb.  The  possible  extension  of  the  2  by  lo-in  piece  used  for  S  b 
next  considered,  to  find  if  it  can  be  extended  and  used  here.  The  unsupported 
length  b  about  6  ft,  and  the  least  dimension  2  in;  hence  //J  -  36,  Sx  *  440  lb 
per  sq  in  and  the  required  area  of  the  croas-eection  becomes  less  than  2  sq  in. 
The  2  by  lo-in  piece  b  therefore  ample. 

Members  T  and  Ti,  Fig.  t.  Inspection  shows  that  a  2  by  xo-in  plank  b 
quite  sufficient  for  these  pieces. 

Member  O,  Fig.  S.  The  unsupported  length  is  about  7  ft.  Then,  for  i  «  a 
in,  Ifd  m  49,  Si «  330  lb  per  sq  in  and  the  required  section-area  b  1890/330  - 
5.73  sq  in.  A  piece  2  by  xo  in  b  more  than  sufficient;  but  aa  this  sixe  allows  of 
a  simple  prolongation  of  the  pieces  T  and  Tu  a  piece  of  thb  dimension  b  used. 

Membera  P  and  H,  Fig.  S.  For  the  piece  F  a  net  area  of  4  350/700  *  6.25 
sq  in  b  required;  or  a  board  i  by  8  in  in  cross-section  may  be  used.  For  con- 
venience in  construction,  two  i  by  8-in  boards  are  chosen.  It  is  evident  that  the 
same  arrangement  can  be  made  for  the  piece  H* 

Caolion.  Since  this  truss  is  a  scissoas  tkttss,  the  horixontal  deflection  at 
the  supports  should  be  determined,  and,  if  this  is  an  appreciable  quantity,  the 
members  as  designed  above,  should  be  increased  In  sixe  or  thdr  lengths  changed 
in  framing;  this  is  so  that  the  span,  after  the  truss  is  loaded  and  the  deflection 
has  taken  place,  becomes  the  distance  between  the  supports.  This  b  discussed 
in  Chapter  XXVII.  pages  io8s  to  1087. 

Baample  3.  For  thb  example  the  Howe  truss  shown  in  Fig.  3  b  considered. 
The  vertical  load  is  assumed  to  be  46^  lb  per  sq  ft  on  the  top-chord  and  16  lb 
per  sq  ft  on  the  bottom-chord.    For  trusses  spaced  about  15  ft  8  in  on  cental 
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tfce  loads  and  stresses  are  shown  in  Fig.  4.    The  figures  preceded  by  the  letter 
W  indicate  the  transverse  loodfaig  of  the  pieces. 

Vertical  Rods,  Fig.  S.  These  are  assumed  to  be  wrought  iron  and  not  Upset. 
For  the  stress  13  49a  lb  (Fig.  4),  using  the  unit  stress  n  000  lb  per  sq  in,  the  net 
section-area  required  is  1.16  sq  in,  which  is  provided  by  a  iH-in  rod  (TaUe  11, 
page  388) .  For  the  stress  5  804,  the  net  section-area  required  is  048  sq  in,  which 
is  provkl«d  by  a  t-fai  rod.    The  stress  in  the  middle  rod  is  so  small  that  the  rod 
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F%.8.    HowcTnus.    (See, also, Figi. 4, 9a. «a,  14, 16 and  17a) 


Fig.  4.    Howe-truss  Diagram.    Stiesees  in  Truss  Shown  in  Fig.  3 

would  be  but  a  Uttle  over  H-in  in  diameter.  This  would  appear  light  so  a  H-\n 
rod  is  used. 

Top*Chord»  fig.  S.  As  this  is  to  be  unifonn  in  lise  from  end  to  end,  a 
middle  section  b  considered  in  determining  its  size.  It  is  assumed  that  the 
depthis  10  in.  For  the  transverse  load  the  center  moment  is  Vft  (5  704  x  7H  Xi  s) 
-  67  02a  in-lb.  From  the  equation,  67  022 «-  H  (700  X  xo  X  10  X  ft),  the  breadth 
6 »  5.74  in.  For  the  compression,  43  260  lb,  the  least  dimension  may  be 
taken  as  10  in,  as  the  rafters  prevent  side  buckling  for  the  unsupported 
length  of  yH  ft.  Then  i/d  »  9.4,  Si^  t  100  lb  per  sq  in  (note  that  the  piece  is 
less  than  fifteen  diameters  long)  and  the  required  section-area  becomes  39.3  sq  in. 
For  a  depth  of  xo  in,  the  thickness  is  3.93  in.  The  total  thickness  of  the  piece  now 
becomes  s*74  +  3-93  ■*  9-67  in;  and  hence  a  10  by  lo-in  piece  may  be  used.  Since 
the  actual  cross^section  size  of  a  nominal  10  by  loin  piece  is  about  9H  by  9H  in, 
a  xo  by  xa-in  timber  is  used  and  the  12-in  dimension  is  placed  vertical. 

Bottom-Chord,  V\fi,  S.  Considering  the  piece  at  the  middle,  with  a  tmsUe 
stress  of  48  560  lb,  it  is  found  that  the  net  area  of  the  cross-section  must  be 
69.4  sq  in,  and,  if  the  piece  is  xi  in  deep,  the  thickntss  Is  5.78  in.  The  bending 
moment  at  the  middle  of  the  piece  produced  by  the  load  i  968  lb,  is  H  (i  968  X 
7H  X  12)  -  23  224  in-lb.  This  moment  requires  a  piece  12  in  deep  and  1.28  in 
thick.  The  total  thickness  now  becomes  5.78-!-  x .28-  7.06  in.  To  allow  for  holes 
flxid  notches  It  Is  necessary  to  increase  this  to  at  least  10  In,  making  the  bottom 
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chord  xo  by  xi  in.  A  single  piece  of  this  size,  nearly  50  ft  long,  is  difficult  ta 
obtain;  so  at  least  one  splice  is  necessary.  If  planks  aze  substituted  it  requires 
Bx  2  by  x2-in  pieces  to  give  an  equivalent  area. 

Inclined  Bad-Post,  Fig.  S.  The  stress  in  this  pofit  is  33  450  lb  and  its  un- 
8iq>ported  length  about  9.75  ft.  An  8  by  xo-in  piece  is  tried  first,  the  xo-in 
dimension  being  the  same  as  one  dimension  of  the  chords.  Then  //d  «  14-63, 
Si  ■*  835  lb  per  sq  in  and  the  required  area  of  cross-section  becomes  33  450/S35  * 
40.54  sq  in,  which  is  about  one-half  the  cross-sectional  area  of  an  8  by  lo-in  piece. 
If  d  »  6  in,  there  results  l/d  «  19.50,  Si  «•  740  lb  per  sq  in  and  the  required  area 
-  45.3  sq  in,  which  is  a  much  smaller  cross-sectional  area  than  that  of  a  6  by 
lo-in  timber. 

Iaterm«dUte  Diagooala,  Fig.  S.  For  the  first  diagonal  a  6  by  6-in  piece  is 
tried.  The  required  section-area  is  19  630/740  -  26s  sq  in,  which  is  well  within 
the  section-area  of  a  6  by  6-in  timber.  A  4  by  4-in  timber,  could  be  used  for  the 
next  brace,  but  it  is  better  to  use  either  a  6  by  6-ii#timber  or  one  4  by  6  in. 

Purlins,  Figs.  1  and  4a.  While  the  stresses  given  for  the  members  of  the 
truss  shown  in  Fig.  1  are  based  upon  a  vertical  loading  covering  the  efifect  of 
dead  load,  snow-load  and  wind-load,  the  wind- 
load  is  separated  from  the  others  in  order  to 
illustrate  the  method  to  be  followed  in  design- 
ing a  purlin  when  the  plane  of  the  load  b  not 
parallel  to  one  of  its  sides.  The  trusses  of  the 
type  illustrated  in  Fig.  1,  are  15  ft  on  centers. 
This  distance,  therefore,  is  the  span  of  the 
purlin.  The  purlin  at  joint  2,  Fig.  1,  has  a 
vertical  loading  of  4  500  lb  and  a  wind-load, 
acting  normal  to  the  roof,  of  2  000  lb.  This 
inclined  loading,  resolved  parallel  to  b  and  d, 
y  Fig  4a,  and  combined  with  the  vertical  load, 

AJt! .,    gives  for  the  total,  parallel  to  d,  4  500+  x  400 

Fig.  4a.    Purlm^esignfor  Joint2     -  5  9<»  lb;  and  for  that  parallel  to  ft,  i  400 
of  Truss  Shown  in  Fig.  1  lb.    If  then,  loads  are  assumed  to  act  through 

the  center  of  gravity  of  the  purlin-section,  they 
produce  both  tension  in  the  fiber  at  B  and  compression  diagonally  opposite  B. 
The  bending  moment  at  the  middle  of  the  purlin  due  to  the  vertical  load  is  \\ 
(5  900X  15  X  12) »  132  750  in-lb;  and  that  due  to  the  horizontal  load  is  H 
(r  400  X  15  X  12)  «  31  500  in-lb.  It  is  assumed  that  ft  «  8  in  and  d  «  10  in. 
Then  the  fiber-stress  at  B,  due  to  the  first  moment  is 

5'  •  6  X  132  7So/ftd*  «  996  lb  per  sq  in 
The  fiber-stress  at  B,  produced  by  the  second  moment  is 

5"  -  6  X  31  500/ft^  -  295  lb  per  sq  in 

The  total  fiber-stress  is  996 -f-  295  -  i  291  lb  per  sq  in.  This  is  91  lb  in  excess 
of  the  permissible  fiber-stress  in  the  most  conservative  practice  and  in  many  dty 
building  laws  for  long-leaf  yellow  pine  or  white  oak.  If  a  10  by  lo-in  timba* 
is  used  the  fiber-stress  is  986  lb  per  sq  in,  and  if  the  piece  is  xo  by  13-in,  it  be- 
comes 710  lb  per  sq  in. 

t.  Design  of  Ste«l  TruMet 

General  Considerations.  The  members  of  the  ordinary  steel  roof- 
nussES  are  composed  of  two  rolled  angles  placed  back  to  back  and  at  the 
loints  each  piece  is  coimected  to  gitsset-plates  by  kivets.    The  size  of  the 
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asanest  angle  permissible  in  good  practice  is  a M  by  2  by  ^  in;  and  while  %-ia 
rivets  are  often  used,  it  is  better  to  use  H-in  rivets,  which  are  the  largest  that 
can  be  used  in  a  2  H-in  leg  of  an  angle.  As  in  wooden  trusses,  it  is  economical 
to  use  the  same  sizes  for  all  members  which  are  in  the  same  straight  line,  but 
this  is  not  always  done. 

Bnmple  4.    Fig.  5  shows  a  fan  truss  of  the  form  and  dimensionfl  of  a  truss 
used  for  supporting  the  roof  of  a  machine-shop.    The  loading  is  light  and  con- 


Fig.  &    Fan-tnoB  DlBgntm  with  Stitaaes 

scquently  the  stresses  are  quite  small  in  many  of  the  members.  For  conven- 
ience the  stresses,  lengths  of  compression-members  and  final  sections  are  arranged 
in  tabular  form. 


Table  IV.    Straisea  and  Dunenaions  for  the  Half-Tniss  Shown  in  Figure  5 


Member 

Stress, 
lb 

Approxi- 
mate 
length,  in 

Net  area 

required. 

sqin 

Makeup  of  member 

AD 

—16900 
—13800 

—   9200 

-4650 

-  7700 

-  3070 

+20  200 

+  5000 
+  1900 

72 

144 
72 

1.06 

Two  2\i  by  2  by  M-in  angles 
Net  area>"i.70  sq  in 

Two  2H  by  2H  by  14-in  angles, 
and  one  10  by  M-in  plate 

Two  2H  by  2  by  M-in  angles 

DP 

FM 

PL 

LK 

DE  said  EL... 
AB 

EP 

CD 

Member  AD,  Fig.  B.  Thb  member  has  the  maximum  stress  of  the  bottom- 
chord  and  its  size  will  be  used  up  to  the  joint  P  and  possibly  for  the  entire  length 
of  the  chord.  The  net  area  required  is  16  900/16  000  »  1.06  sq  in,  or  the  net 
section-area  of  one  angle  is  0.53  sq  in.  One  leg  of  the  angle  is  riveted  to  the 
gusset-plate  with  ^-in  rivets  which  is  assumed  to  cut  out  a  section  H  in  by  the 
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thicknesB  of  the  angle.  From  Table  XI,  page  365,  we  find  that  a  aH  by  a  by 
M-in  angle  has  an  area  of  1.06  aq  In.  The  area  to  be  deducted  on  acooiint  of 
one  rivet-hole  is  H  X  H  *•  !^  "*  0.22  sq  in.  This  leaves  for  the  net  area  of  the 
angle  1.06—  0.23  1-  0.84.  sq  in,  which  is  well  above  the  required  area.  As  this 
is  the  smallest  angle  which  can  be  used  and  as  all  the  other  tension-members 
have  less  stress  than  AD,  the  tension<raembera  will  be  made  uniform  thm^- 
out.  With  the  exception  of  FK,  many  daigners  would  use  but  one  ang^  fair 
the  web-members.  While  the  net  area  is  ample  for  the  stresses,  yet  it  b  poor 
practice,  as  one  angle  produces  a  one-sided  pull  on  the  gusset-plates. 

Member  AB,  Fig.  5.    This  piece  has  the  maximum  stress  of  the  toi>-dxifd, 
a  compression  of  20  soo  lb  and  a  transverse  load  of  2  000  lb.    The  combined 
EFFECT  OF  THE  TWO  LOADINGS  in  this  case  must  be  determined  in  a  manner 
quite  different  from  that  followed  for  wooden  construction.    The  f»a«i«M»w 
fiber-stress  must  not  exceed  that  found  from  some  oolunm-formula  as»  for 
example,  5i  —  12  500—  500  l/r.    The  maximum  fiber- 
stress  5  may  be  found,  approximately,  from  the  expres- 
sion S  *-  P/A  +  Mc/I,    In   this  equation,  P   is   the 
direct  compression,  which  is  20200  lb  in  thb  case, 
A  the  area  of  the  section  of  the  piece,  /  the  moment 
of  inertia  of  this  section,  c  the  distance  of  the  outet- 
most  fiber  of  the  section  which  is  in  comptes^on  from 
its  gravity-axis  and  M  the  maximum  bending  moment 
produced  by  the  tranverse  load.    The  principal  axis 
Fig.  6.    Section  through   ^  ^^  section  must  lie  in  the  plane  of  the  transverse 
Rafter-member  of  Truss    loading,   if   the  above   formula  is  used.    For    sym- 
Shown  in  Fig.  5.    (Axis   metrical  sections,  as  two  angles  back  to  back,  an  I 
atrfi  from  AB,  through   beam,  or  a  channel,  the  principal  axes  are  axes  op 
c  g.  of  angles;  axis  at   symmetry,  and  the  values  of  /  and  c  arc  readily 
Cf.thKwighcg.  of  ICC-   fo^n^i  £rom  the  properties  of  roUed  shapes  tabulated 
5if?*tWh  c."g    of   *^  Chapter  X.    The  firet  trial-section  is  that  shown 
p]i^,)  in  Fig.  6,  consisting  of  two  2Vi  by  2^  by  H-in  angks 

and  one  10  by  H-in  plate.  To  find  the  moment  of 
inertia,  /,  and  the  radius  of  gyration,  r,  the  center  of  gravity  of  the  section  is 
found  first.  The  distance  X  of  the  center  of  gravity  from  AB  (Fig.  6)  is  found 
from  Equation  (2),  page  295, 

_  area  of  plate  X  i\\  -f  area  of  angles  X  rfi 
area  of  entire  section 

From  the  properties  of  angles,  Table  XII,  page  367,  the  distance  from  the  back 
to  the  center  of  gravity  of  the  angle  is  ^  «  0.72  in.  /  -  0.7  and  the  area  of  the 
two  angles  -  2.38  sq  in.  The  plate  does  not  usually  extend  to  the  back  of  the 
angles,  a  clearance  of  from  Vi  to  H  in  being  allowed.  A  clearance  of  K  in  is 
assumed. 
Then,  d\  -  10.25  -  ^7^  -  9.53  in,  and  in  «  5  in 

Hence,  X  -  • «  7.21  m 

2.50 -H  2.38 

The  value  of  the  moment  of  inertia  /,  about  C;  as  an  axis,  is  found  as  fellows 
(Chapter  X): 

/*•    0.25X10^ 

— •  ■•  -  — 

12  12 

M-  (5)  (page  338).       A{X^  dn)*  -  2.5  (2.2i)«  -  I2.« 
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For  the  two  angles  (page  3^7)  i  X  Q.70  »   140 

Eq.  Cs)  Owe  33«),     ^  (*  ^  -^)*  •  a^8  Ca^)«  -  i»M 
For  the  entire  section,  /  »  47.12 

For  any  section,  /  -  i4f*  or  r  '^Vl/A,  hence  for  this  section  r  »  V47.23/4.88 
>-  3.1  X  in.  (See  Equation* (3),  page  333.)  The  distance  to  the  outermost  6ber 
in  compression  from  the  axis  Cg  is  3.04  in  -^  c.  There  is  now  sufficient  data  to 
dctomiibe  the  actual  fiber-stresaes  due  to  the  loading  aad  also  tht  panainrible 
stress.    The  bending  moment  produced  by  the  transvcite  load  ia 

if  -  H  (s  oooX  &16  X  is)  »  iS  4&>  in  lb 
5  *  so  300/4.88+  (x8  480  X  3*04)/47-99  «  5  330  lb  per  sq  in 
5i"-  13  500— 500X6.16/3.Z1 «  II  5x0  lb  per  sq  in 

This  shows  that  the  actual  fiber-stress  is  very  much  smaHer  than  Che  allow- 
able fiber-stress,  but  as  we  have  used  minimum-sbe  angles  and  a  minimum  thick-  • 
ness  for  the  phite,  the  only  way  to  reduce  this  section  is  to  use  a  smaHer  plate. 
This  is  not  feasible  because  of  the  requirements  for  making  proper  connections 
at  the  joints.  The  above  analysis  assumes  that  the  member  is  prevented  from 
bending  sidewise  by  the  roof-covering.  If  such  is  not  the  case,  r  will  have  to 
be  determined  for  &  vertical  axis  through  the  center  of  gravity  of  the  section. 
First,  findhig  the  moment  of  inertia^ 
For  the  plate,  kfi/t2  -  (lo X oas*)/i2  -  0.026 

For  the  angles,  2  X  0.70  ■•  1400 

a .38  (0.72  +  o!i35)*  i»  t  .699 

For  the  entire  section,  /  -  3>>25 

r  -  V3.1 25/4.88 -0.8  to 

Si  -  12  soo-  soox  6.x6/o.8 -  8 Os©  lb  per  sq  in 

This  is  also  less  than  the  value  of  5,  and  henoe  this  aactlon  fulfiDa  aU  the  re- 
quirements, considering  the  unsupported  length  vertically  and  sidewise  as 
6.x6  ft. 

Member  BP,  Fig.  B.  Taking  two  2H  by  2  by  H-in  angles  with  the  2M-in 
legs,  back  to  badt,  the  least  value  of  r  *-  0.78  hi  (Table  XVI,  page  371). 

5i  *- 12  500  -  500  X  13/0.78  "  4  &10  lb  per  sq  in 
5  000  -I-  4  810  "-  1.04  sq  in^  requhred. 

The  ai«a  of  the  two  angka'used  ia  a  X  zx>6  •  t.ia  aq  in  (Tablo  XVI,  puge  371)* 

Mtflsber  CQ,  Fig,  ft.  The  stfess  m  this  membei:  fa  v«iy  tnaU  and  om  ai«le 
will  probably  iulfill  the  veqairements.  For  one  angle.  sVi  by  a  by  H  in,  the  least 
r  -  042  in  (Table  XI,  page  363)  Mid  ^1  *-  5  3ftO  lb  per  sq  in,  indicating  that  thfa 
angle  gives  a  large  ezcesa  of  atiength.  As  pointed  out  abovc»  it  ia  better  to  use 
two  angles. 

aeaderaaoa-iUtfta.  The  bast  apecificaticms  limit  the  ratio  of  the  kaat  dirndb* 
sion  to  the  unsupported  kngth  o(a  oonpresslon-iaember  to  s^  unkaa  the  allow 
able  unit  stress  as  given  by  the  oohimn-focmula  is  decreased.  The  member  Ef 
is  8^  in  deep  and  about  144  in  long,  so  that  its  length  la  57*6  times  its  least 
dimension.  As  there  is  a  great  eoicesa  of  area,  the  actual  uait  stress  ia  much 
below  that  given  by  the  ionnula. 

Staj'Riveti.  The  compression-members  made  up  of  two  angles  and  designed 
as  described  in  the  preccxiing  paragraphs,  have  been  considered  as  if  acting  at 
solid  pieces.  It  ia  cUar  that  the  varioua  pai^  muat  be  so  fastened  together  that 
no  individual  piece  will  budkk.    II  i  ia  the  unauppoited  length  of  the  1 
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as  a  whole,  r  the  correspondmg  least  radius  of  gyration,  r"  the  least  radius  of 
gyration  for  any  part  and  /'  the  unsupported  length  of  the  part,  or  the  distance 
between  stay-rivets,  there  is  the  following  rehition: 

/'/f'-//r  or /'-/r'/r 
For  the  member  EP         /'  -  144  x  0.42/0.78  «  78  in. 
Practice  reduces  this  to  a  or  3  ft. 

Teniioa-Memberi,  also,  should  be  riveted  together  in  a  similar  manner  to 
make  the  parts  pull  together. 

Snmpto  5.  The  next  truss  considered  is  the  Fnnc  truss  shown  in  Fig.  7, 
in  which  two  angles  are  used  for  all  members  and  H-in  riveu  at  the  connec- 
tions. 

Member  AC»  Fig.  T.    For  a  unit  stress  of  16  000  lb  per  sq  in«  the  net  area 

.  required  is  2*1  800/16  000  -  1.36  sq  in.    Two  2Vi  by  2H  by  U-in  angles  have  a 

section-aiea  of  2.38  sq  in  (Table  XII,  page  367)-    Deducting  2  (HX  K)  -  0.41 

sq  in,  the  net  section  becomes  1.94  sq  in,  while  the  required  area  is  1^6  sq  in. 


-A. 


Fig.  7. '  Fink  TruM.    (See.  abo,  Figs.  22,  22a,  22b,  22c,  ud  22d) 


Members  CB  and  Bti,  Fig.  T,  are  composed  of  angles  of  the  same  sixe. 

Members  CD,  DP,  BP  and  PO,  Fig.  T,  are  made  of  two  2H  by  2  by  H-m 
angles  with  a  net  area  of  2.13  sq  in.    This  greatly  exceeds  the  required  area. 

Members  BC,  BP  and  DB,  Fig.  T.  From  the  preceding  example  it  is  evident 
that  a  pair  of  minimum-size  angles  will  be  quite  sufficient.  Two  2H  by  2  by 
H-in  angles,  having  a  section-area  of  3.12  sq  in,  are  used. 

Member  AB,  Fig.  T.  For  this  member  in  which  there  is  a  direct  compres- 
sion of  33  500  lb  and  a  transverse  stress  due  to  a  load  of  2  500  lb,  a  preliminary 
trial  is  made  with  two  5  by  3  H  by  H-in  angles,  with  the  s-in  legs  back  to  back  and 
separated  by  a  M-in  gusset-pbite.  The  moment  of  inertia  about  an  axb  passing 
through  the  center  of  gravity  of  the  two  angles  and  paiallel  to  the  shorter  legs 
is  (Table  XI.  page  363)  7>78*  and  the  corresponding  radius  of  gyration  is  1.6 
in.  About  a  vertical  axis  the  radius  of  gyration  is  (Table  XVI,  page  371) 
143  in,  which  is  the  least  radius  to  be  used  in  the  column-formula.     The 

*  It  will  be  noticed  that  the  values  given  for  the  propertiaa  or  elements  of  the  angles  used 
b  this  example  differ  slightly  from  those  given  ta  the  tables  relerxed  to,  as  the  sectioo-axea. 
/,  f,  X,  etc.  This  changes  the  result  very  slightly  and  is  due  to  variations  in  the  decimal 
4g«ras  ol  vahies  in  diSeicat  editkias  of  mannf actum'  handbooks.  Editar-ia-chicf . 
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nomeiit  pioduced  by  the  3  500-lb  load  at  the  center  of  the  member  b  H ' 
(2  500  X  9*2X12)"  54  500  in  H>.    The  aection-area  of  the  two  angles  is  (page 
363)  6.1  sq  in. 

5-23  500/6.10  -h  (34  Soo  X  i.6i)/7.78  «  ID  990  lb  per  sq  in 
Si  -  12  soo  -  (soox  9.2)/i42  •  9  260  lb  per  sq  in 

Since  Si  is  less  than  S,  it  is  seen  that  the  angles  selected  are  a  little  too  light. 

Instead  of  using  angles  of  greater  thickness  it  will  be  better  to  select  a  larger 

axe.    If  two  6  by  3^^  by  H-in  angles  are  used  (page  363) 

5-23  Soo/6.86 "f  (34  500 X  2.04)/i2.86  »  8  890  lb  per  sq  m 
Si  -  12  500 -  (soox  9.2)/i.34  -  9  070  lb  per  sq  m 

This  shows  that  there  is  ample  strength  and  stiffness  and  that  the  axca  is  in- 
creased by  0.76  sq  in.  If  two  s  by  3H  by  Mt-in  angles  had  been  used,  the  area 
would  have  been  increased  0.96  sq  m  (page  363).  The  least  radius  of  gyration 
used  in  the  expression  for  Si  assumes  that  the  angles  will  be  separated  by  H-in 
gusset-phites.     If  thicker  gusset-plates  are  used,  the  value  of  r  will  increase. 

Practical  Details.  The  use  of  UNiroui  sixes  for  members  in  the  same  straight 
line  is  economical  and  adds  rigidity  to  the  truss.  The  angles  can  be  furnished 
up  to  lengths  of  60  ft  and  over,  thereby  reducing  the  labor  of  cutting  them  and 
decreasing  the  number  of  rivets  and  the  sixe  of  the  gusset-plates.  The  portion 
of  the  truss  AEG  shown  by  Fig.  7  would  be  completely  riveted  up  in  the  shops, 
leaving  only  three  joints  to  be  riveted  at  the  building.  In  general,  any  truss 
which  has  one  outside  dimension  not  exceeding  xo  ft,  can  be  shipped  by  rail. 
This  governs  the  location  of  the  qilices.  . 

S.  Joints  of  Wooden  Trusses 

The  Joints  of  any  truss  should  be  proportioned  with  as  much  care  as  is  used 
in  determining  the  sizes  of  the  members,  so  that  the  truss  will  be  equally  strong 
in  all  its  parts.  The  general  principles  and  methods  for  designing  joints  are 
explained  in  Chapter  XII  and  illustrated  by  examples.  To  further  explain  the 
subject,  the  methods  of  design  of  some  of  the  joints  for  the  trusses  shown  in 
Figs.  1  and  3  are  added  in  this  chapter. 

'  Joint  X,  Fig.  1.  This  is  the  most  important  joint  in  the  truss.  There  are 
many  forms  for  this  joint,  but  only  a  few  of  them  are  illustrated.  Fig.  8  shows  a 
SIMPLE  BOLTED  JOINT.  The  rafter  rests  in  a  notch  in  the  bottom  chord  and  is 
hekl  in  place  by  one  or  more  rolled-steel  bolts.  These  bolts  are  perpendicular 
to  the  axis  of  the  rafter,  and  the  stresses  in  them  are  found  graphically  by  the 
diagram  ahe  (Fig.  8)  in  which  ac  is  perpendicular  to  the  scarf-cut  or  seat  of 
the  rafter.  The  tension  in  the  bolts  is  found  to  be  31  250  lb,  and  with  a  permis- 
sible stress  of  16000  lb  per  sq  in,  the  net  section-area  required  is  x.95  sq  in, 
which  corresponds  to  one  i?i-in  bolt  (Table  II,  page  388).  The  washek,  bear- 
ing across  the  grain  of  the  rafter,  will  have  an  area  of  31  250/200  >-  156  sq  in 
(page  1 138).  Since  the  top-chord  is  actually  but  sVi  in  wide,  the  length  of  the 
plate  is  about  28  in.  Such  a  plate  would  look  out  of  proportion  with  one  bolt, 
so  five  H-in  bolts  are  substituted,  having  a  net  section-area  of  a.io  sq  in  (Table 
II,  page  388).  Two  bolts  are  placed  near  each  end  of  the  plate  and  one  bolt 
is  placed  in  the  middle.  The  bolts  are  spaced  about  9H  in  apart.  The  thick- 
ness of  the  plate  may  be  taken  as  one-fifth  the  distance  from  the  end  of  the 
plate  to  the  nuts  of  the  first  pair  of  bolts.  This  dbtance  is  about  34  in;  hence 
the  thickness  is  0.67  in.  A  H-'m  plate  b  used.  The  lower  end  of  each  pair  of 
bolts  is  provided  with  a  plate-washeb  bearing  upon  the  inclined  surface  of  the 
white-oak  bolsieb  as  shown.    The  angle  or  inclination  approximates  43** 
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and  henott  Uie  aIk>#ablB  pcomtra  on  t&e  wood  it  500+  (i  400-  900)  H  ••  jt$  lb 
per  iq  in*  (Sec  Table  VI,  page  454,  Table  XVI,  pege  647,  and  the  equatfon  on 
page  1x38.)  The  pair  of  bolts  carry  a  tension  of  31  250 XH"  t2  500  lb,  and 
this  stress  requires  a  plate  having  an  area  of  is  50^/795  -*  i7>3  sq  in,  which 
will  be  provided  by  a  plate  sVi  by  4  by  9i  uu  For  the  single  bolt,  a  4  by  4-in 
CAST-IRON  BEVELED  WASHER  is  used,  having  a  H  by  H-in  lug  let  into  the  bolster 
to  take  the  horisontal  component  of  the  puU  hi  tiie  bolt.  To  prevent  the  bolster 
slipping  on  the  bottom  chotd,  two  oak  keys  are  employed.  (See  Table  VI, 
page  454,  and  Table  I»  page  1 138,  for  permissible  unit  stresses.)  The  horizontal 
compODCtit  of  the  puU  in  the  bolts  is  about  22  too  Ib^  and  for  one  key,  xi  050 


Fig.  8.    Detail  o(  Joint  1.  Pig.  1 

)b,  and  taking  the  actual  thickness  of  6  in  to  be  sVi  in,  each  inch  in  length  of 
the  key  will  safely  carry  5^^  X  200  -  i  too  lb  in  longitudinal  shear  (Table  I. 
page  4x2).  The  k^s  will,  therefore,  be  xo  in  long.  The  ends  of  the  keys  push 
against  the  notch  in  the  white-pine  chord,  and  for  end-bearing  each  inch  io 
depth  of  the  notch  carries  s)^X  x  100 -•  6050  lb.  The  depth  of  the  notch, 
therefore,  is  1.8  in  in  the  diord.  In  the  bolster  each  inch  in  depth  of  notch 
carries  5HXi4oo*77oolb  (Table  XVI,  page  647).  and  the  d4>th  of  notck 
IS  I  A3  in.  This  makes  the  total  thickness  of  the  keys  x.8-f  1.43  1-  3.23  in,  or, 
say  3H  in.  The  size  of  the  keys  is  sH  by  5^  by  xo  in.  The  SPAaNo  o»  nn 
KEYS  b  governed  by  the  longitudinal  shear  of  the  white-pine  chord.  Each 
inch  in  length  carries  s^iX  xoo*  550  lb  (Table  I,  page  X138),  and  Uiedesr 
distance  between  keys  is  xi  050/550*  20  in.  The  various  dimensiana  used 
above  will  probaby  appear  large  to  many.  The  large  dimensions  are  due  to 
the  timber  used.  If  long-leaf  )rellow  piite  had  been  employed,  many  of  the 
dimensions  would  have  been  materially  smaller.  The  anglb-buocx  detail 
shown  in  Fig.  9b,  makes  a  much  better  connection  in  this  case.  iH  i> 
becomes  xH  in  and  15  in  becomes  13  in.  The  net  area  of  the  botton  chord 
should  now  be  determined  to  see  if  it  is  sufficient  to  take  the  tenaioiL 

Wall-Piato.  As  a  rule  it  is  a  good  idea  to  place  the  wall-plahc,  wlikh 
vecdves  the  common  rafters,  just  fUx>ve  the  bottom  chord  at  shown.  T%Ji 
affords  an  opportunity  to  get  at  the  nuts  on  the  bolta  to  tighten  tbem  ns  tht 
wood  ahxixika.    The  bgauno  of  ihb  ixuss  on  the  brickwork  should  be  00a- 
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mdered  and  a  stone  or  icetal  plate  ptovided  to  distribute  the  pressure.  (See 
Chapter  XIII.)  In  this  case  a  i6  1^  14  by  iH-in  cast-iron  plate  is  used, 
which  reduces  the  pressure  on  the  brickwork  to  82  H  lb  per  sq  in. 

Joiiit  X,  Flc.  t.  This  joint  might  be  made  in  the  manner  described  above, 
but^the  type  shown  in  Fig.  9  is  used.  The  thickness  of  the  plate  is  usually 
governed  by  the  thickness  required  at  F  to  give  the  hook  the  proper  strength. 


Fig.  0.    Detail  of  Joint  1,  Fig.  3  Fig.  9a.    Alternate  Detail  of  Joint  1,  Fig.  8 

This  hook  practically  tak«  one-half  the  horizontal  component  of  the  stress  in 
the  rafter  (which  is  the  stress  in  the  bottom  chord  in  this  case)  as  the  bolts  are 
assumed  merely  to  keep  the  parts  in  i^ace.  The  metal  bears  against  the  end- 
fibers.  Foreach  inch  indepth  of  the  notch,  the  fibers  carry  9^  X 1 100  - 10450  lb, 
and  hence  the  notch  is  H  (37  350/10  450)  -  i  .3 1  in  deep,  say  i  H  in.  Considering 
the  HOOK  as  a  WKOt70HT-isoN  CANTZLBVSR,  iH  in  long  and  uniformly  loaded 
with  1 100  lb  per  sq  in,  the  thick- 
ness is  found  from  the  expression 
1 100(1.3 OVa  -W(i«oooXi  X/»), 
or,  f«o.69  In.  The  nearest 
practical  sice  is  a  thickness  of 
^  in.  The  length  of  the  bot- 
tom chord  necessary  to  take 
the  pfMsure  from  the  hook  in 
longitudinal  shear  is  9H  X  100 
-  950  lb  per  in,  or,  13  675/950 
»  14^  in  in  all.  The  inclination 
of  the  fibers  at  H  with  the  ver- 
tical cut  is  about  36%  and  the 
allowable  pressure  on  this  surface 
is  aoo-H(i  100—  200)  (»^)'«  344 
lb.  Than  27  350/(344  X  9H)  -  8.3  in,  which  is  the  required  depth  of  the  cut. 
As  these  fibers  are  confined  by  the  plate,  one-half  this  value,  or  4  H  in,  approx- 
imately»  is  used.  The  bolts,  Z,  are  two  ^in  bolts.  There  should  be  two 
bolts  at  Y,  carefully  placed  so  that  the  hook  bears  against  them.  There  is  a 
strong  tendency  for  the  hook  to  straighten  and  hence  i -in  bolts  are  used. 
The  net  section  of  the  plate  in  tension  is  evidently  greatb^  in  excess  of  that 
required. 

JoiBt  X,  Fig.  S.    A  better  detaO  at  F,  Fig-  9>  is  shown  in  F|g.  Oa.     It  is 
sMumed  as  before  that  one-half  the  tension  is  taken  by  the  not^  at  y«f  The 
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Fig.  9c.    Detail  of  Joint  1,  of  Truss  Similar  to  Fig.  1 

depth  of  the  notch  is  iH  in  and  the  size  of  the  metal  block,  iH  by  3  by  gVi  in. 

The  bolts  are  assumed  to  have  a  dose  fit  in  the  block  and  in  the  plate  and  hence 

cany  the  stress  in  single  shear. 
At  xo  ooo  lb  per  sq  in. 
the  area  of  the  bolts  is  Vi 
(27  3So/io  ooo)  -  1^7  sq  in, 
requiring  two  i-in  sted  bolts 
(Table  III,  page  419).  The 
thickness  of  the  steel  plate 
necessary  to  give  sufficient 
bearing  against  the  bolts  is 
H  (13  67s)  +  ao  000  X  I,  or  / » 
.34  in.  A  H-in  plate  b  there- 
fore ample. 

Joint  I,  Fig.  S.    An  ordinary 

CAST-IRON     ANGLE-BLOCK     can 

I    be  used  in  this  particular  case 
as  shown  in  Fig.  9b. 

Other  DetailB  for  Joint  x. 
Fig.  3.  Another  design  for 
this  joint,  but  for  another 
truss,  is  shown  in  Fig.  9c. 
The  rafter  and  bottom  chord 
are  of  long-leaf  yellow  pine 
and  the  metal  ports  of  sted. 
The  stresses  are  transmitted 
through  3  by  ^in  plates  in 
bearing  against  the  end-fibers 
of  the  wood,  and  from  these 
plates  to  the  side  plates 
through  the  bolts  in  bending.  The  side  plates  should  be  drawn  up  against 
the  wood  by  lao-screws,  as  shown,  to  ixevent  buckling  wjien  in  compressicn. 
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Fig.  9d  shows  a  good  application  of  the  cast-iron  angle-block  used  in  the 
trusses  of  a  blaclcsmithrshop  of  the  Boston  &  Maine  Railroad  Company.  The 
bearing  and  shearing  values  are  provided  for  principally  by  a  tenon  on  the 
black  let  into  the  bottom  chord  as  indicated  by  the  dotted  lines. 

Joint  a,  Fig.  1.  Where  a  brace  abuts  against  a  rafter,  as  in  this  joint,  one  cut 
on  the  end  of  the  brace  should  bisect  the  angle  made  between  the  brace  and  the 
rafter,  and  the  second  cut  should  be  at  right  angles  to  this,  as  shown  iit  Fig.  10. 
The  end  is  then  set  in  a  notch  or  mortise  to  keep  the  brace  in  place  and  to  trans- 
mit the  pressure  to  the  rafter.  The  purlin  may  be  supported  by  a  3-in  plank,  as 


Fig.  10a.     Purlin-connection. 
Puxiina  on  Top  of  Tnu»-chord 


Fig.  10.    Detail  of  Joint  2,  Fig.  1.  with  Rod  Added 


Fig.  10b.     PurluKon         Fig.  10c.     Purlin-connec- 

nection   with    Steel-  tion  with  Wooden  Bear-  with  Beam-hanger 

Angles  ing-block 

shown  in  Fig.  10.  Some  form  of  metal  hanger,  of  the  Duplex  type  is 
often  preferred.  In  the  truss  shown  in  Fig.  I,  there  is  no  vertical  rod  at  this 
joint;  but  many  trusses  have  a  rod  there,  and  one  is  therefore  shown  in  Fig.  10. 
The  washer  on  top  of  the  rafter  must  have  sufficient  area  to  transmit  the  stress 
in  the  rod  to  the  rafter.  Other  forms  of  purlin-connections  are  shown  in  Figs. 
10a  to  IOd. 

Apex  of  King-Rod  Trass.  Fig.  11  shows  the  joint  at  the  top  of  a  king- 
rod  TRUSS  with  a  Duplex  hanger  to  support  the  purlin.  The  wrought-iron 
or  steel  plate  for  large  trusses  should  extend  along  the  top  of  each  rafter  a 
sufficient  distance  to  permit  its  being  fastened  by  lao-screws  or  bolts.  Fig.  12 
shows  a  CASTING  in  place  of  the  rolled  plate.  ^^.  .^^^  ^^ GoOglc 
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Joiiit  3,  Fig.  X,  This  should  be  made  as  ihown  in  Fig.  13.  The  incKned 
cuts  bisect  the  angle  made  between  the  two  6  by  6-in  pieces.  In  place  oi  the 
CAST-iaoN  WASHER  a  vTROUoBT-iaoN  OT  8TKKI.  PiATs  uuiy  be  uwd. 


Fig.  11.    Detail  oC  Apex  of  King-rod  Truss 


Fig.  12.    Alternate  Detafl  for  Apes 
of  King-rod  Truss 


F!g.  13.    DetaU  of  Joint  3.  Fig.  1 


FIgM.    Detaflof Joint2.F1g.3 


Joint  a.  Fig.  S.    One  method  of  making  the  connections  at  this  joint  is  shown 
in  Fig.  li.    The  end-cut  of  the  main  brace  is  made  as  shown,  the  distance  d 


^£Lr>'«>xyi 


Ftg.  18.    Alternate  Detail  of  Joint  2,  Tig,  8 


being  determined  by  the  necessary  area  of  the  inclined  cut  to  the  top  chord. 
The  pennissible  unit  pressure  is  about  525  lb  per  sq  In.  Then  33  450  lb  requires 
^34  sq  in,  or  the  distance  d  is  a,  little  greater  than  the  depth  of  the  brace.    This 
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form  of  detail  can  only  be  used  for  the  end-brace  by  making  two  notches  as 
shown  by  the  dotted  lines.    A  much  better  method  is  shown  in  Fig.  15,  where 
an  ANGLE-BLOCK  is  uscd.    The  angle-block  is  made  of  very  hard  wood  so  that 
the  bearing  of  the  brace  is  provided  for,  and  it  is  notched  into  the  chord  a  suffi- 
cient amount  to  transfer  the  horizontal  component  of  the  stress  in  the  brace 
to  the  chord.    A  notch  x  in  deep  carries  x  loo  X  9H  »  lo  450  lb  (Table  I»  page 
1 138);   hence  for  a  horizontal  component  of  27350  lb  (Fig.  4),  the  notch  is 
made   2H   in   deep.    This   clearly 
shows  that  braces  should  be  inclmed  * 
at   least  45°  with  the  horizontal, 
unless  awkward  or  weak  details  are 
to  be  tolerated.    Th»  vertical  rod 
here  has  a  stress  of  13  492  lb.    The 
WASHES  on  top  of  the  chord  transfers 
this  stress  in  bearing  across  the  grain. 
At  a  unit  stress  of  200  lb  (Table  I,  ^ 
page  1 138),  the  area  is  674  sq  in, 
requiring    an    8    by    9    by    ^-in 
plate.  _  _ 

Joint  7,  Pig.  1.  This  is  shown  in  Fig.  16,  and  the  above  discussions  cover  all 
details  of  its  design. 

Spliees.  Sinoe  it  is  not  economical  and  often  impossible  to  procure  timbers 
exceeding  25  or  30  ft  in  length,  it  is  necessary  to  moke  one  or  more  splices 
in  the  chords.  The  top-chord  of  a  Howe  truss  is  spliced  by  placing  the  thn- 
beis  end  to  end,  and  by  spiking  or  bolting  on  side  pianks  to  keep  them  in  plac^ 
The  bottom  chord  cannot  be  treated  in  this  manner,  as  it  is  in  tension. 

Hook-Splice  or  Tabled  Fish-Ptate  of  Wood.  It  is  assumed  that  the 
bottom  chord  of  the  truss  shown  in  Fig.  3  is  to  be  spliced  at  the  middle  of  the 

span.  Fig.  17a  shows 
this  splice.  It  is  as- 
sumed that  the  side 
pieces  are  of  white  pine. 
The  total  depth  of  the 
notches  is  48  560  + 
(iiooXiiH)-rf-3.84 
in  (Table  I,  page  11 38). 
Each  notch,  then,  is 
about  2  in  deep.  The 
length  of  the  table  is 
/  =•  H  (48  560  +  (100  X 
iiH)l-aiin.  Thenet 
thickness  of  each  side 
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Fig.  17.    Splice  of  Bottom  Chord  of  Truss 


piece  is  H  (48  560)/ (700  X  iiVi)  »  3  in,  without  deducting  anything  for  the  two 
bolt-holes.  The  chord-pieces  have  less  than  the  required  area  because  of  the 
deep  notches  required;  hence  a  12X  12-in  timber  is  required  if  this  form  of 
splice  is  used.    The  proper  dimensions  are  shown  in  Fig.  17a. 

Metal  Splice.  Fig.  17  shows  an  old  and  very  efficient  form  of  splice,  pro- 
portioned to  replace  the  form  shown  in  Fig.  17a. 

Splices  for  Bnilt-up  Chord.  The  top  chord,  when  bttilt  up  of  2-in  planks, 
requires  thorough  spijcing  with  two  ^-m  bolts  at  the  ends  of  each  plank.  The 
ix>ttom  chord,  which  is  in  tension,  should  be  so  arranged  that  the  ends  of 
the  planks  in  one  stracd  are  well  removed  from  the  ends  in  otherstrands..  The 
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middle  strand  of  a  built-up  chord  b  completely  cut  away  to  permit  the  passage 
of  the  vertical  rods.  The  strands  should  be  thoroughly  spiked,  and  bolted  every 
3  ft,  care  being  taken  to  see  that  the  bolts  do  not  come  nearer  than  5  in 
from  the  end  of  any  plank.    While  built-up  mehbess  are  in  favor  with  build- 

L 


ir 
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•Table 


n       '/3 


}<. ^H:-— >|* »-—- 4< -af'— ^ -»^'- 


Fig.  I  7a.    Alternate  Detail  for  Splice  of  Bottom  Chord 

ers  because  the  materials  are  readily  obtained,  yet  for  important  structures  the 
writer  believes  it  is  worth  while  to  use  a  little  more  effort  and  pay  a  little  more 
to  get  solid  sticks  for  truss-members. 

Wall- Joint  of  Scissors  Trusses.    In  scissors  trusses  the  joint  over  the 
wall  formed  by  the  rafter  and  tie-beam  should  always  be  carefully  proportioned 


Fig.  18.    Wall-joints  (or  Scissors  Trusses.  Figs.  24  to  27.  Chapter  XXVI 

to  the  stresses;  otherwise  the  joint  is  liable  to  open  and  the  wall  to  be  pushed 
out.  Much  greater  strength  is  required  in  this  joint  than  in  the  wall-joint  of  a 
king-rod  truss  of  the  same  span,  because  the  stresses  in  a  scissors  truss  are 
usually  at  least  twice  and  sometimes  three  or  four  times  as  great  as  In  a  truss 
with  a  horizontal  tie-beam.    For  a  scissors  truss  built  of  planks,  as  in  Fig.  2, 
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a  i>in  bolt  through  the  center  of  each  joint,  with  as  many  spikes  as  can  be 
driven,  will  ordinarily  give  sufficient  strength.  For  trusses  like  those  shown  in 
Figs.  24  to  27  of  Chapter  XXVI,  one  of  the  best  methods  of  making  the  wall- 
jointy  unless  the  roof  is  quite  flat,  is  that  shown  in  Fig.  18,  which  is  the  detail 
of  an  actual  joint  where  the  stress  in  the  tie-beam  was  25  000  lb.  It  should  be 
noticed  that  the  wkought-iron  strap  is  secured  to  the  tie  by  lag-screws  in- 
stead of  BOLTS.  It  is  practically  impossible  to  bolt  a  strap  to  each  side  of  a 
beam  so  as  to  get  a  good  bearing  for  all  of  the  bolts,  owing  to  the  difficulty  in 
boring  the  holes  straight;  and  if  the  holes  are  bored  a  little  large,  some  bolts 
may  bear  on  the  wood  and  some  may  not.  With  lag-screws  each  screw  is 
bound  to  get  a  good  bearing  in  the  wood.  The  holes  in  the  two  sides  of  the 
strap  must,  of  course,  be  staggered,  so  that  they  will  not  come  opposite  each 
other.  The  net  sectional  area  of  the  strap  should  at  least  be  equal  to  the  stress 
in  the  tie-beam  divided  by  2  X  12  000  (Table  I,  page  1138).  The  mmiber  of 
LAG-SCREWS,  for  both  sides,  is  found  by  dividing  the  stress  in  the  tie-beam  by 
the  resistance  of  one  screw.  For  the  safe  resistance  of  lag-screws  used  in  this 
way,  the  values  given  in  Table  V  are  recommended.  In  the  joint  shown  in  Fig. 
18,  the  stress  in  the  tie-beam  is  25  000  lb,  and  the  wood  is  Douglas  fir.  The 
above  rules,  therefore,  require  a  sectional  area  in  the  strap  of  H  (25  ooo)/i2t30o 
—  X.OS  sq  in  and  twelve  H-in  lag-screws. 

Table  V.    Safe  Resistance  of  Lag-Scr«ws  When  Used  as  in  Fig.  18 


Sise  of  screw  in 
inches 

Safe  resistance  in  pounds 

Minimum 

thickness 

of  strap  in 

inches 

Oak 

White  pine 

Douglas 
fir 

Long-leaf 

pine 

diam. 

length 

H 
H 
H 

3H 

4 

4 

4^^ 

5 

800 
1400 
2000 
2500 
3000 

600 
1000 
1500 
1800 
2400 

700 
1 100 
1650 
2  100 
2800 

800 
I  200 
I  800 
2400 
30C0 

H 
H 

•    Me 
M« 

With  a  thickness  of  H  in,  the  width  of  the  strap  necessaiy  to  give  a  sectional 
area  of  1.05  sq  in  is  1.05/ .375,  or  about  3  in.  To  this  should  be  added  the  diam- 
eter of  one  lag-screw  to  obtain  the  working  width.  Thus  3  -f  •><  -  3?4  in.  The 
strap  used  is  4  by  H  in  in  cross-section,  as  some  additional  strength  is  obtained  by 
the  bolt  at  X,  which  it  is  necessary  to  insert  to  hold  the  timbers  together  while 
the  truss  is  being  raised  into  position,  and  also  to  bring  them  tightly  together 
before  fitting  the  strap.  Fig.  19  shows  another  method  of  making  this  joint 
'  which  may  be  used  with  advantage  when  the  inclination  of  the  rafter  is  less 
than  45**.  One  advantage  in  using  this  truss  is  that  if  it  is  erected  one  piece 
AT  A  TDCE,  the  tie-beams  may  be  put  up  first,  thus  providing  a  seat  to  receive 
the  rafters.  The  strap  prevents  the  end  of  the  rafter  from  springing  up.  The 
diameter  of  the  bolt  should  be  proportioned  to  the  horizontal  component  of  the 
stress  in  the  rafter.  Fig.  20  shows  a  good  form  of  joint  to  use  at  joint  s  of  Fig. 
27,  Chapter  XXVI,  when  it  is  desired  to  substitute  a  wooden  tie  for  the  rods 
shown  in  Fig.  27.  The  sectional  area  of  the  strap  and  the  number  of  lag-screws 
should  be  proportioned  by  the  rules  given  for  Fig.  18. 

Washers.    Where  iron  or  steel  rods  are  used  in  wooden  trusses,  washers  are 
necessary  under  the  heads  and  nuts  to  properly  distribute  the  loads  on  the 
wood.    The  dimensions  of  the  washers  are  determined  by  the  allowable  bear- 
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ing  pvnanK  on  tlie  wood  and  the  mignitudes  of  the  loads.  Tbble  VI  gives  the 
attoimble  kiads  which  can  be  transmitted  by  standard  round  cast  washers  and 
rectangukr  washers  bearing  across  the  wood  fibers.  TMe  VH  gives  the  di- 
mension of  standard  round  cast  washers.    The  bearing  areas  of  these  waabers 


Fig.  10.    Akcmatc  Detail  Cv  Fig.  18 


are  too  small  for  use  on  the  softer  woods  and*  therefofe,  except  when  the  rods 
are  small,  it  is  better  to  use  rectangular  washers  of  iron  or  steel  plate.  Very 
large  washers  should  be  cast,  and  should  have  the  form  shown  in  Fig.  20a. 
The  use  of  the  ribs  gives  the  required  strength  and  saves  considerable  matciial. 


Fig.  2a    DeUil  o£  Joint  5,  Fig.  27.  Chapter  XXVI  Fig.    aOA. 

Washer  with  Bocfcets 

TMckae—  of  Recttngultr  Steel-Plmte  Wa^m.  The  thickness  of  rec- 
tangular steel-plate  washers  can  be  found  from  the  following  formulas  in  which 
I  is  the  distance  from  the  edge  of  the  plate  to  the  not  and  i  the  thickness  of  the 
plate.    When  used 

On  white  oak /(-34< 

On  white  pine /»  5.3f 

On  kmg-fo&f  yeHow  pine f-  J-9 f 

On  sbort-ieaf  yellow  pine {«  4.6I 
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TOito  VI.    Saft  BMriac  Hwi1ifinc#  til  C«st-Iroa  Wuhan,  is  Poind* 


Ronnd  wuhen 

Sise. 
in 

sqin 

White  {line. 

lb 

.  Short-leaf 

yellow  pine, 

lb 

Long^Jeaf 

yellow  pine, 

lb 

White  oak. 
lb 

W 

5X6 

XOJO 

1290 

x8io 

2580 

H 

6.49 

1340 

X670 

»340 

3  350 

H 

778 

1560 

X9S0 

8  720 

3890 

H 

10.4 

2080 

a6oo 

3640 

5200 

I 

11. 7 

3340 

29130 

4  100 

5850 

iH 

x6.6 

3320 

4150 

5810 

8300 

i^ 

a6.9 

5380 

6730 

9420 

13500 

iM 

a8.6 

5720 

7150 

10  000 

14300 

iH 

385 

7700 

9630 

13500 

19300 

a 

499 

9980 

12500 

17500 

25000 

jM 

62.8 

12600 

15700 

22000 

31  400 

sH 

77.x 

15400 

19300 

27000 

38600 

aH 

92.9 

X8600 

23200 

3asbo 

46500 

3 

iio.a 

22000 

27600 

38  600 

55100 

Rectangular  washen 

4X  6 

34 

4800 

6000 

8400 

12  000 

8 

39 

6400 

8000 

II  200 

16000 

6X  6 

16 

7200 

9000 

12600 

18  000 

7 

43 

8400 

ID  500 

14700 

21  000 

8 

48 

9600 

12000 

16800 

24  000 

9 

54 

XO800 

13500 

18900 

27000 

10 

60 

12  000 

15000 

21  000 

30  000 

«X  8      • 

M 

12800 

16000 

3240D 

32  000 

9 

7» 

14400 

iBooo 

25  200 

36000 

10 

80 

x6coo 

20000 

28000 

40000 

12 

96 

X9200 

24000 

33600 

48000 

lOXId 

xoo 

20  000 

25  000 

35000 

50000 

II 

IXO 

22  000 

27  500 

38500 

55  000 

12 

xao 

24000 

30000 

42000 

60  000 

14 

140 

28  000 

35000 

49000 

70000 

laxu 

X44 

28800 

36000 

SO  400 

73  000 

14 

168 

33600 

42  000 

58800 

84000 

X« 

19a 

38400 

48000 

67200 

96  000 

14X14 

196 

39  200 

49000 

68600 

98  000 

t€ 

n4 

44800 

56000 

78400 

XI2  000 

UnitvduM. 

lb  per  sqin 

wo 

250 

3S0 

500 

*  The  actual  anas  bearing  on  the  wood  are  given  for  round  washen.  For  rectangular 
waahen  tha  total  afca  it  given,  no  aUowaoee  being  made  for  holes. 

Details.  Maay  other  forms  of  oonnecdons  are  in  use  and  their  proper  design 
simply  demands  that  the  methods  explained  in  Chapter  XII  and  in  this  chapter 
be  cooiistcntly  fioUoned.  All  details  are  not  suitable  for  all  cases  and  the  de- 
signer must  use  commnn  sense  in  the  selection  of  the  PAitTicaLAR  tvpc  to  be 
used  and  in  its  design.  Wood  is  very  variable  in  its  properties  and  consequently 
laise  WACtcmaot  bavsty  are  used  for  certain  kinds  of  stress  and  smaller  factora 
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for  others.  Heavy  trusses,  in  which  the  sizes  of  the  members  are  selected  ac- 
cording to  the  magnitudes  of  the  stresses,  should  be  very  carefully  worked  out 
in  every  detaU,  while  small  trusses  with  large  excess  of  material  do  not  demand 
as  much  care. 


Table  Vn. 

Proportiims  of  Standard  Cast-iron  Washers 

7 

^^^"^■"1 

f" 

^ 

1 

\ 

(®)J  J 

>////■/,/ 

k^_:p^\-- 

!*■ 

D        *•                                  ^    I    TH 

Diamof 
bolt.  J 

D 

<f" 

er 

r 

Weight. 

Bearing 
area. 

in 

in 

in 

in 

in 

lb 

sqin 

H 

2H 

i^i 

Me 

H 

H 

5.16 

H 

3 

iH 

»Me 

H 

W 

669 

H 

3H 

2H 

»M. 

H 

iH 

7.78 

H 

3H 

2yi 

iM« 

H 

1^4 

10.40 

X 

4 

2H 

iM« 

iH 

2V4 

11.70 

iH 

4^4 

2^i 

iM« 

iW 

3 

1660 

iH 

6 

3 

iMd 

iH 

S« 

a6.90 

iW 

6M 

3H 

iH 

iH 

6 

2S.60 

i94 

7H 

SV* 

iH 

iH 

9H 

3a.so 

2 

8M 

4H 

aVi 

2 

I7M 

49  90 

2M 

9H 

aH 

2H 

2M 

ao 

62.80 

2H 

'     loM 

SM 

2H 

2W 

rt\X 

77.10 

2H 

11 H 

SH 

2H 

2^4 

36 

9a.9o 

3 

I2V4 

6H 

3H 

3 

46 

XIO.IO 

For  sizes  not  given,  D  «  4  rf  +  H" 


4.  Joints  of  Steel  Trusses 

Trusses  with  Riveted  Joints  are  usually  made  with  angles  for  the  web- 
members  and  generally  for  the  chords,  although  the  latter  are  sometimes  made 
of  a  pair  of  channels  or  of  two  angles  and  a  web-plate.  The  members  are 
connected  at  the  joints  by  means  of  cusset-plates,  to  which  all  of  the  members 
are  riveted.  Tsrpical  examples  of  riveted  joints  in  roof-trusses  are  shown  in 
Figs.  22  to  24e.  When  the  rafter  or  chord  has  a  web-plate,  as  in  Fig.  23  \. 
the  web-members  are  riveted  to  this  plate  and  a  gusset-plate  is  not  required 
except  at  the  end-joint  and  apex,  as  shown  in  Figs.  23a  and  23e.  In  order  that 
there  shall  be  no  twisting,  it  is  necessary  to  make  the  principal  members  of  the 
truss  double,  so  that  the  gusset-plates  can  be  riveted  between  them.  Where 
single  angles  are  used  for  web-members  and  two  such  members  come  at  one 
joint  they  should  be  riveted  to  opposite  sides  of  the  gusset-plates.  For  equal 
strength  the  thickness  of  the  gusset-plate  should  be  such  that  the  beaking  on 
the  rivets  equals  the  strength  of  the  rivets  in  double  sheae,  the  thickness^  how- 
ever, not  exceeding  the  combined  thickness  of  the  two  angles.  Practical  con- 
siderations seldom  make  the  gusset  over  H  in  thick  for  ordioary  'construction. 
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In  laying  out  the  joints,  which  should  be  done  to  a  scale  of  not  less  than  x  in 
to  the  foot,  the  members  should  be  arranged,  when  practicable,  so  that  the  lines 
passing  through  their  centers  of  gravity  will  coincide  with  the  lines  of  the  niuss- 
DiAGRAM,  and  thus  meet  at  a  single  point,  as  in  Fig.  21 .  This  is  not  always  prac- 
ticable, but  the  prin-  . 
dple  should  be  foUowed 
as  closely  as  possible. 
For   small   angles  the 

RIVET-LINES   of   the 

members  may  be  con- 
sidered, without  serious 
error,  to  pass  through 
the  centers  of  gravity 
of  the  sections.  The 
number  of  rivets  re- 
quired for  each  mem- 


Fig.  21.    Riveted  Trvss-joint  with  Truss-diagram  Lines 


ber  must  be  determined  according  to  the  stress  in  that  member,  the  resistance 
of  the  rivets  being  considered  for  both  shearing  and  bearing.  The  method 
of  determining  the  number  of  rivets  in  a  joint  b  explained  in  Chapter  XII, 
but  to  show  more  clearly  the  application  to  truss-joints,  the  joints  for  the 
truss  shown  in  Fig.  7  will  be  designed. 

General  Considerations,  Truss  of  Fig.  7.  It  is  assumed  that  the  truss 
will  be  shipped  in  three  parts,  making  all  the  joints  shop-riveted  except  those 
at  G  and  the  splices  at  each  end  of  the  piece  EH.  All  gusset-plates  are  to  be 
H-in  thick  and  all  rivets  H-in,  except  in  the  2 -in  legs  of  angles,  where  H-in 
rivets  are  to  be  used.  Since  the  bearing  of  a  H-in  plate  on  a  H-'m  rivet  at 
20  000  lb  per  sq  in  (Table  I,  page  1 138)  is  5  630  lb,  or  at  18  000  lb  per  sq  in 
(Table  II,  page  419)  is  5  060  lb,  and  the  resistance  of  the  rivet  in  double  shear, 
2X4  420  -  8  840  lb  (Table  II,  page  419),  the  number  of  rivets  in  all  the  joints 
b  governed  by  the  bearing  value.    Only  one  leg  of  the  angles  will  be  connected 


J^J 


Fig.  22.    Detail  of  Joint  A, 
Fmk  Truss,  Fig.  7 


Fig.  22a. 


DetaO  of  Joint  D,  Fink  Truss, 
Fig.  7 


to  the  gusset-plate  as  about  80%  of  the  full  strength  of  the  angle  is  thereby 
developed  if  not  less  than  three  rivets  are  used.  The  use  of  hitch-angles 
for  the  outstanding  leg  has  but  little  influence  in  increasing  the  efficiency  of  the 
connection.  Two  rivets  may  be  considered  the  minimum  number  in  any  con- 
nection, regardless  of  the  unimportance  of  the  member. 

Joint  A,  Pig.  7.    The  top-chord  stress  is  23  500  lb,  and  if  one  rivet  carries 
5  630  lb  into  the  gusset-plate,  five  rivets  will  be  required  to  carry  thb  total 
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stress.  In  like  manner  four  rivets  are  require^  for  the  bottom  cbocd.  The 
supporting  force  or  the  reaction  is  transferred  to  the  gusset  through  the  bottona 
chord  pcobaged.  In  this  case  the  reaction  is  about  8  600  lb  which  requires  two 
rivets.    Fig.  22  shows  the  arrangement  of  this  joint  ai  the  expansion-end. 

Joint  D,  Fig.  7.  The  web-members  each  require  less  than  one  rivet,  but  two 
or  three  should  be  used.  Since  the  top-chord  angle  is  continuous,  the  number  of 
rivets  in  it  is  determined  by  the  difference  between  the  two  adjacent  stresaea 
and  the  load  of  the  purlin  if  it  rests  on  the  chord.  Here  again  the  number  of 
rivets  required  falls  below  the  minimum  number.    Fig.  22a  show)  this  joint. 

Joint  E,  Vtg.  7.  The  piece  CE  requires  four  rivets  and  the  web-memben  the 
minimum  ^lumber  permissible.    The  piece  BH  requires,  at  20  000  lb  per  sq  in 


Fig.  22b.    Detail  of  Joint 
E,  Fink  Truss,  Fig.  7 


Fig.  22c.    Detail  of  Joint  E  and  Spike  in 
Eff,  Fink  Truss,  Fig.  7 


bearing  value,  12  500/5  630*  9.22  rivets;  but  as  this  connection  is  one  to  be 
made  in  the  field,  it  is  customary  to  mcrease  the  number  25%.  This  makes 
the  required  number  three.  Sometimes  the  outstanding  legs  are  spliced  to  the 
member  CE  by  a  plate.  Without  doubt  this  increases  the  strength  of  the  jobt, 
but  it  is  doubtful  if  the  increase  in  strength  is  enough  to  offset  the  extra  cost. 
Fowler's  specifications  do  not  permit  the  piece  EH  to  be  connected  to  the 
gusset-plate.  They  specify  that  the  connection  shall  be  made  upon  the  right  of 
£.    This  arrangement  allows  the  use  of  a  smaller  gusset-plate  at  E  which  may 

be  counterbalanced  by  the  ad- 
ditional metal  required  for  the 
splice  beyond  E.  (Figs.  22b 
and  22c.) 

Joint  O,  Fig.  7.  The  pieces 
BG  and  FC  are  shop-eiveted 
to  the  gusset  on  one  side  and 
fiELD-RiVETED  on  the  Other.  In 
order  to  make  the  joint  sym> 
metrical,  the  number  of  saop- 
RIVETS  is  made  the  same  as 
required  for  the  field-connection.  In  this  case  the  top  chord  requires  five 
rivets  and  the  web-member  three.  Two  rivets  may  be  used  in  the  ssg-tie. 
(Fig.  22d.) 

Field-ConnflctkMis<  Bolts  are  often  used  instead  of  rivets  for  making  fibld- 
CONNicnoNB.  If  the  bolts  fit  the  holes  snugly,  there  is  no  serious  objection  to 
their  use.  In  fact  a  good  twit  is  better  than  a  poor  rivet.  For  important  work, 
however,  bolts  should  not  be  used  unless  turned  true  to  siie  and  driven  into  true 
boles.    Open  holes  or  holes  for  field-sivbis  are  indicated  by  black  cisclss. 

Shop-Drawings.  It  is  not  advisable  for  the  architect  to  make  complete 
drawings  for  the  steelwork.  He  should  make  what  are  usually  designated  as 
miEiAL  DSAWiNos.    These  are  made  to  scale  and  give  the  general  dimensiooi 


Fig.  22d.    DeUil  of  Joint  G,  Fink  Tnias.  Fig.  7 


yGoogk 


Joints  of  Sted  Trusses 

G 


1163 


C  E        Span  70' Rim  14'6* 

Fig.  38.    Flak-tnus  Diagnun.    (See,  also,  Figs.  23a  to  23t) 
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Fig.23A.    Detailof  Joints  il,  Band  C  of  Fig.  23 


Fig.  23b.    DeUil  of  Joint  D,  Fig  23. 

E      """'^«?H'Pl. 


Fig.  23c    Detail  of  Joint  £.  Fig.  23 
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and  sizes  of  the  various  members,  and  show  each  rivet  approximately  in  its 
proper  position.  The  manufacturer  who  fabricates  the  structure  prders  to 
make  his  own  shop-drawings  to,  conform  with  his  standards  and  methods. 

Examples  from  Practice.  F^.  23  to  23e  show  the  details  of  a  modem 
shop-truss.  These  details  were  taken  from  the  shop-drawings  but  with  the 
rivet-spadng  omitted.    No  metal  under  M«  in  thickness,  or  rivets  under  H  in 


Fig.  23d.    Detail  of  Joint 
F.  Fig.  23 


Fig.  23b.    Detail  of  Joint  G.  Fig.  28 


in  diameter,  are  used.  Another  point  may  be  mentioned  in  connection  with 
this  truss;  very  few  bevel-cuts  are  made.  The  contrary  appears  to  be  the 
case  for  the  details  of  the  very  light  truss  shown  in  Figs.  24  to  24e,  in  which 
bevel-cuts  are  made  on  the  angles  and  more  cuts  than  necessary  on  the  gusset- 
plates.    These  two  trusses  were  designed  by  manufacturers  widely  separated 


TiTrxJS      IC  MH'«2H'«V  |E  *«H"« tH'x STt" 


. 9'iojif: 1 »'ioM 1 

Fig.  24.    FSnk-tnias  Diagram.    (See,  also,  Figs.  24a  to  24r) 


and  are  quite  different  in  their  details;   and  the  variations  emphasize  the  fact 
that  the  architect  should  not  attempt  to  make  shop-dea wings. 

Trasses  with  Knee-Braces.  Fig.  25  represents  joint  t  of  Fig.  55,  Chapter 
XXVI,  and  was  engraved  from  the  working  drawing  made  by  the  New  Jeisey 
Steel  and  Iron  Company,  Trenton,  N.  J.  Another  detail  of  a  truss^nonectloii 
to  a  colunm  is  shown  in  Fig.  26.  This  was  used  in  the  template-shop  roof-truss, 
Ambridge  plant  of  the  American  Bridge  Company,  Ambridge,  Pa.    Fig.  27 
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Fig.  24a.    Detan  of  Joint  il.  Fig.  34 


Fig.  24b.    I>etail  of  Joint  B.  Fig.  24.  ^  . 
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Fif.34c    I>eUiIo<JomtZ).Ftf.M 
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Fig.24o.    Deua  of  Joint  F,  F!g.  34 
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Fie.  24E.    DetaO  of  Joint  C,  Fig.  24 


Fjg.  25.    Detafl  of  Joint  1.  Fig.  55.  Chapter  XXVI  GoOglc 
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shows  the  wall-end  of  a  small  triLss  supported  by  brick  walls.    The  intersection 
of  the  STRESS-LINES  is  approximately  in  a  point  above  the  center  of  the  support. 


Fig.  26.    Connection  of  Steel  Truss  with  Steel  Columns 


<©, 

o   O  O  O   j           1 

cO>      1 

rO»  VltW  OF  tHOC  rtATC 

■mowing  anchor  tOLTft 

IN  M.OTTCO  HOCH 


Fig.  27.    Wall-end  of  Steel  Truss.    Support  and  Ancboring-details 

This  condition  is  seldom  considered  by  architects.  Usually  it  is  possible  without 
any  extra  expense  to  satisfy  this  requirement  and  thereby  to  a  great  extent  pre- 
vent unknown  bending-stresaca. 
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6.  Purlins  and  Purlin-Connections 

Purlins.    Where  the  roofing  is  supported  directly  on  the  PUftUNS,  as  is  gen- 
erally the  case  in  light  sted  roofs,  the  purlins  and  trusses  are  usi^y  spaced  so . 
dose  together  that  suiplb  kolled  sbapes  may  be  used  for  the  purlins.    For 


1^28.    PniifaKcoanectioitt.    Sted  dips,  Angles  sad  Z  Baa 


Fig.  29.    Purlin-connections.    Steel  Sectionsi  with  Wooden  NaUing-^txipe 

<spans  between  trusses  of  from  8  to  lo  ft,  angles  are  commonly  used,  and  for 
greater  spans,  Z  bars,  channels  and  I  beams.  Wooden  purlins  are  often  used 
with  steel  trusses.  If  steel  ptraLiNS  supix>rt  wooden  rafters  or  plank  roofing, 
a  NAILING-STRIP  of  wood  is  boltcd  to  the  purlin,  as 
shown  in  Fig.  29.  When  the  distance  between  purlins 
b  z5  ft  or  more,  a  line  of  H-in  rods  should  run  from 
the  ridge  through  the  purlins,  to  prevent  them  from 
sagging  in  the  plane  of  the  roof.  The  purlin  at  the 
ridge  must  be  designed  to  take  the  vertical  com- 
ponent of  the  stress  in  these  rods. 

Puriin-Connectiona.  Figs.  28, 29  and  30  show  a 
few  of  the  various  methods  of  fastening  the  purlins  to 
the  trusses. 

Design  of  Purlins.  Fig.  31  shows  the  cross- 
sections  of  a  RECTANGULAR   WOODEN  PURLIN  and  of 

the  usual  rolled  steel  shapes  employed  for  purlins. 

As  stated  above,  when  considering  wooden  purlins 

the  formula  for  the  stress  in  the  outer  fiber  is  true 

only  when  used  with  reference  to  the  principal  axes  of  the  section.    Then, 

if  one  prindpal  axis  does  not  lie  in  the  plane  of  the  loading,  the  loading 

must  be  resolved  into  two  components,   respectivdy,   paralld  to  the   two 

prindpal  I 
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Let/'  -  the  fiber-stress  with  reference  to  the  principal  axis,  A  A,  for  the  rec- 
tangle, i-i  for  the  I  beam  and  channel,  and  4-4  for  the  angle  and  Z  bar.  2i'  - 
the  bending  moment  of  the  component  of  the  load  which  lies  in  the  plane  per- 
paidicuUur  to  the  above  axis.    /'  -  the  moment  ol  inertia  of  the  section  with 


Fig.  31.    Sections  of  Wooden  and  Steel  Purlins 

reference  to  the  above  axis,  c* »  the  distance  of  any  selected  fiber  from  the  above 
axis.  For  the  other  principal  axis  use,  /",  W\  J"  and  C";  then  if  /  is  the  re« 
sultant  fiber-stress, 

Yqz  the  rectangle, 


■.M'd/2U^-^Mnf2Tv-t 


For  the  channel  and  Z  beam, 

For  the  angle  and  Z  bar, 

f^f^f"^  M'c'/l4^  +  M'V'I^ 

The  application  of  these  formulas  offers  no  difficulties  except  in  the  cases 
of  ANGLES  and  Z  bars.  For  the  other  forms,  the  values  of  /  and  c  are  given  in 
the  tables  of  properties  of  the  sections  (Chapter  X).  Hie  locations  of  the  prin- 
cipal axes  for  the  Z  bars  and  angles  are  also  given  in  the  tables,  but  the  values 
of  c  are  not  given  for  any  of  the  fibers.  The  easiest  way  to  get  the  value  of  e 
in  any  particular  case  is  to  draw  the  section  of  the  angle  or  Z  bar  foil  siae,  locate 
the  pdncipal  axes  and  then  measure  the  actual  distances,  c. 
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CHAPTER  XXDC 

WnVD-BBACING  OF  TALL  BUILDINGS 

By 
N.  A.  RICHARDS 

OF 
FUKDy  ft  HENDERSON,  INC.,  CIVIL  ENOINEESS 

1.  Data  for  Wind-Praasore.    Bufldintf  Laws 

Tall  BisUdiAca  of  Modern  Coiiitnictioii«  that  i^,  buildings  with  akekton 
frames  and  light  curtain  walls  or  filler  walla,  require  that  resistance  to  wind- 
pressure  be  coi»idered  with  care.  The  proportioiis  of  a  building  and  the  arraoge- 
ment  and  strength  of  the  wails  determine  to  what  extent  special  bracing  musi 
be  provided.  Building  ordinances  in  the  larger  cities  usually  require  consider- 
ation of  a  stated  wind-pressure.  Where  such  ordinances  do  not  definitely  fix 
the  assumed  pressure,  a  unit  forte  of  30  lb  per  sq  ft  of  surface  is  genoally 
oonsidefcd  proper  and  adequate.    (See»  also,  page  150^ 

Bvfldliig  Laws.  The  following  are  extracts  *  from  the  boflding  oidfaiances  of 
New  York  City,  Chicago,  Pluhtdelphia  and  Baltimore  with  reference  to  whid- 
pressure: 

Hew  York  (Z914) 

Exposed  Suefaces.  "All  structures  exposed  to  wind  shall  be  designed  to 
resist  a  horizontal  wind  pressure  of  thirty  pounds  for  every  square  foot  of  sur- 
face thus  exposed,  from  the  ground  to  the  top  of  same,  including  roof,  in  any 
direction. 

Stability.  "In  no  case  shall  the  overturning  moment  due  to  wind  pressure 
exceed  seventy-five  per  centum  of  the  moment  of  stability  of  the  structure. 

Bracing  Introduced  when  Necessary.  "In  all  structures  exposed  to 
wind,  if  the  resisting  moments  of  the  ordinary  materials  of  construction,  such 
as  masonry,  partitions,  floors  and  connections,  are  not  sufficient  to  resist  the 
moment  of  distortion  due  to  wind  pressure,  taken  In  any  direction  on  any  part 
of  the  structure,  additional  bracing  shall  be  introduced  sufficient  to  make  up 
the  difference  in  the  moments. 

Working  Stresses  kay  be  Increased.  "In  calculations  for  wind  bracing, 
the  working  stresses  set  forth  In  this  code  may  be  increased  by  fifty  per  centum. 

When  Wind  Pressure  may  be  Disregarded.  "In  buildings  under  one 
hundred  feet  high,  provided  the  height  does  not  exceed  four  times  the  average 
width  of  the  base,  wind  pressure  may  be  disregarded." 

Chicago  (191S) 

"AS.  buildings  and  structures  shall  be  designed  to  resist  a  horizontal  wind 
pressure  of  twenty  pounds  per  square  foot  for  every  square  foot  of  exposed  surr 
face.  In  no  case  shall  the  overturning  moment  due  to  wind  pressure  exceed 
seventy-five  per  cent  of  the  amount  of  stability  of  the  structure  due  to  the  dead 
load  only. 

"For  stress  produced  by  wind  forces  combined  with. those  from  live  and 
dead  k>ad,  the  unit  stress  may  be  increased  fifty  per  cent  over  those  given  above; 
but  the  section  shall  not  be  less  than  required  if  wind  forces  be  neglected.  '* 

*  Quoted  literally.  Form  in  general  not  edited  or  changed .  Some  paragraph<aptioas 
added  by  asaodaU  editor.  f^^^^]^ 
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FhiUdelpliia  (19x5) 

Wind  Pressure.  "In  all  buildings  allowances  shall  be  made  for  wind  pres- 
sure, which  shall  not  be  figured  at  less  than  thirty  pounds  per  square  foot  of 
elevation  where  erected  in  open  spaces  or  upon  wharves.  In  high  buQdings, 
erected  in  built-up  districts,  the  wind  pressure  shall  not  be  figured  for  less  than 
twenty-five  pounds  at  tenth  story,  two  and  one-half  poimds  less  on  each  succeed- 
ing lower  story,  and  two  and  ooe^half  pounds  additional  on  each  succeeding 
upper  story,  to  a  maximum  of  thirty-five  pounds  at  fourteenth  story  and  above. 

Wind  Bracing.  "  Wind  bracing  may  be  provided  by  making  the  connection 
joint  between  girders  and  columns  sufficient  for  the  vertical  load  as  well  as  the 
bending  due  to  side  pressure;  or  brackets  may  be  placed  at  this  joint,  propor- 
tioned for  the  side  pressure;  or  diagonal  bracing  may  be  placed  between  columns^ 
pcoportioned  to  transfer  the  shear  of  the  side  pressure  to  the  footings. 

Base  or  Column  must  be  Anchored.  Where  buildings  are  narrow  and 
tall,  so  that  the  overturning  due*to  wind  is  more  than  the  down  pressure  of  the 
unloaded  building,  the  base  of  column  must  be  anchored  down  to  a  sufficient 
foundation  to  counteract  this  upward  strain."  * 

Baltimore  (1914) 

Wind  Pressure.  "All  new  buildings  exposed  to  wind  shall  be  made  strong 
enough  to  resist  a  horizontal  wind  pressure  in  any  direction  of  thirty  pounds  per 
square  foot  of  exposed  surface,  measuring  the  entire  height  of  the  building. 

Calculation  of.  "The  additional  loads  caused  by  the  wind  pressiure  upon 
beams,  girders,  walls  and  coltunns  must  be  determined  by  calculation  and  added 
to  other  loads  for  such  members,  as  provided  for  in  Section  19  of  this  Article.! 

Special  Bracing.  "Special  bracing  shall  be  employed  wherever  necessary 
to  resist  the  distorting  effect  of  the  wind  pressure. 

Overturning  Moment.  "In  no  case  shall  the  overturning  moment  due  to 
the  wind  pressure  exceed  fifty  per  cent  of  the  moment  of  the  stability  of  the 
structure. " 

Magnitude  of  XTnit  Stresses  Used  for  Wind-Pressure.  As  the  above 
extracts  indicate,  it  is  generally  considered  proper  to  use  high  unit  stresses 
when  allowing  for  wind-pressure.  The  practice  is  based  on  the  assumption  that 
the  highest  unit  wind-pressure  will  occur  very  infrequently  and  that  its 
duration  usually  will  be  limited  to  a  very  few  moments.  It  should  be  noted 
that  the  combined  stresses  due  to  wind-loads  and  dead  and  live  loads  should 
not  exceed  ordinary  stresses  by  more  than  50%.  If  stresses  developed  by  the 
wind  alone  do  not  exceed  50%  of  those  due  to  dead  and  live  loads,  they  may  be 
neglected. 

2.  Conditions  Determining  or  Affecting  Wind-Bracing 
Construction  which  Resists  Wind-Pressure.  The  dead  weight  of  a  build- 
ing, the  exterior  walls,  the  interior  partitions  and  the  ordinary  connections  of 
beams  to  columns,  all  aid  in  resisting  wind-pressure,  but  to  a  degree  which  is 
not  determinable  in  any  exact  way;  and  these  factors  vary  greatly,  also,  in 
different  buildings.  Any  allowance  for  these  factors  must  be  largely  a  question 
of  pure  guesswork,  or  it  may  be  judgment,  based  on  the  resistance  which  other 
buildings  have  offered  when  no  spedal  bracing  was  provided.  It  is  therefore 
best  to  make  special  bracing  take  care  of  all,  or  very  nearly  all,  of  an  assumed 
maximum  pressure,  'when  the  building  under  consideration  is  unusually  Ugfat  in 
construction,  or  when  its  proportions  are  such  as  to  make  resistance  to  wind- 
pressure  a  prime  consideration. 
*  Stress  b  meant. 


t  This  refen  to  a  aectioa  of  the  Baltimore  building  Ui 
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Height  and  Width  m  Affecting  Wind-PreMore.    It  is  genefally  aife  to 
neglect  wind^pressure  in  structural  detigiis  (or  buildings  ten  'stories  or  1cm  in 

hdght,  where  the  average  width 
Hoof  is  not  less  than  one-third  the 
height.  It  is  also  usual  to  omit 
special  provision  for  wind-brac- 
iog  in  higher  buildings  where  the 
width  is  two-thirds  the  height, 
or  more.  The  writer  believes 
the  above  approximations  repre> 
sent  conservative  pracdce»  so  far 
as  general  rules  are  possible. 

Deed  Load  ee  Affecting 
Wlnd-Preaeisre.  A  building 
should  not  be  so  proportioned 
that  the  overtukning  moment 
of  a  wind-pressure  of  30  lb  per 
sq  ft  exceeds  75%  of  the  avail- 
able kesisung  moment  of  the 
dead  load.  If  necessary,  the  col- 
umns should  be  anchored  to  the 
foundations. 

S.  General  Theory  ef 
Wind-Bradng 
Bttildinga    Conei<tered    ae 
CantUevere.  Buildings  are  usu- 
ally considered  to  resist  wind  as 


Ise^astelboriBc 
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PLAN. 


SECTION 
Fig.  1.    Sectioa  and  Plan  of  Wind-braced  Building 

CANTXLBVEK  GIRDERS  or  trusses,  planted  in  the  earth.    Assuming  a  building 
of  the  general  dimensions  shown  in  section  and  plan  in  Fig.  l/^vi^^ndnd- 
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prenure  igiinst  tide  A,  the  walb  i4  and  B,  together  with  the  oolurans, 
beams,  etc,  in  these  walls,  are  the  tiAMOXs  of  the  girders.  WaUs  C  and  D, 
with  their  frtming,  together  with  other  intermediate  lines  of  vertical  framing:, 
form  the  wbb  of  the  omtUever  and  transmit  the  vertical  shears.  Steel  brac- 
ing in  hoiisontal  planes  is  seldom  necessary,  as  ordinary  floor-constructions 
are  generally  sufficient  to  transmit  wind-loads  to  the  vertical  bracing.  In  some 
cases,  however,  it  is  necessary  to  add  steel  bracing  in  the  floors.  Such  a  case 
is  found  in  the  tower  of  the  new  Custom-House,  in  Boston,  Mass.  The  e!e> 
vators  and  stairs  are  next  to  the  west  wall  throughout  the  typical  stories.  Under 
this  airangement  there  is  no  adequate  provision  In  the  ordinary  floor-construc- 
tion for  a  wind-pressure  on  the  north  or  south  face  to  reach  the  resisting  bradnir 
in  the  west  face,  as  the  vacioot  open  wells  cut  off  nearly  all  direct  connection 
between  the  floors  and  this  wall.  Flat  plates  were  therefore  added  on  top  of  the 
floor-beams  at  each  floor-level*  running  out  from  the  wall  girders  behind  the 
weUs  into  the  main  floor-oonstruction,  and  attached  at  each  end  with  connec- 
tions sufficient  to  transmit  the  horizontal  increment  of  the  wind-pressure  at 
each  floor  to  the  bradng  which  resists  it. 

i.  Airangement  of  WInd-Bradng 

« 

Utttil  Posltiott  of  the  Bracing.  As  wind-pressure  is  assumed  to  be  uni- 
formly distributed  over  the  face  of  a  building,  it  is  best  to  arrange  systems  of 
bracing,  as  nearly  as  may  be,  symmetrically  about  the  axis  of  each  face.  It  is 
generally  easier  to  conceal  in  the  exterior  walls  the  required  knees,  gussets,  or 
other  braces,  and  bracing  is  usually  placed  there.  When  the  lines  of  bracing 
have  been  selected,  the  areas  of  wall-surfaces  which  bring  wind-pressure  to  each 
are  readily  determined. 

BfMiiigOf  Buildings  of  Irregvlar  Plan.  Some  buildings  are  of  such  shape 
that  it  is  impossible  to  provide  bracing  of  equal  stiffness  in  lines  synunetrical 
about  the  center  of  wind-pressure.  This  is  notably  true  when  the  plan  is 
TEiANOUlAR,  as  in  the  so-called  Flatiron  Building  or  in  the  Hmes  Building, 
New  York  City.  The  result  b  a  tendency  in  such  buildings  to  twist  about  a 
VERTICAL  AXIS.  The  analysis  of  the  resistance  offered  by  a  building  to  a  twist 
of  this  sort  is  unsatisfactory  and  complicated.  The  stresses  produced  in  any 
usual  case,  however,  are  small,  if  not  negligible.  In  the  examples  mentioned 
above,  provision  against  twist  is  made  by  the  use  of  deep  spandrel  girders  all 
around  the  building  at  each  floor-level. 

ft.  Types  of  Wlnd-Bradng 

Ordintry  Beam  and  Girder  Colunm-Connectiona.  T^nd-bradng  should 
be  so  proportioned  that  the  joints  between  horizontal  and  vertical  members  are 
sufficient  to  prevent  the  distortion  of  the  frame,  and  the  main  horizontal  and 
vertical  members  sufficient  to  resist  any  bending  moments  produced  throug^ut 
the  joints,  as  well  as  any  direct  loads  coming  on  them.  The  obdimary  connec- 
tions of  steel  beams  to  steel  columns  (Fig.  2)  provide  considerable  nsisUm.!  to 
a  distortion  from  side  thrust.  This  b  also  true,  of  course,  of  connections  between 
beams  and  columns  made  of  cast  iron  or  concrete;  but  as  these  types  are  not  well 
adapted  to  construction  where  wind-bradng  is  required,  they  will  not  be  con- 
sidered. A  usual  connection  for  beams  or  girders  to  columns  oonsbts  of  cup- 
angles  above  and  bebw  the  beam,  and  perhaps  a  nuf  ener  below,  if  the  beam 
is  large.  Usually,  in  high  buildings,  four  rivets  are  used  to  connect  either  flaivge 
to  the  dip-angles  above  and  below,  and  four  to  connect  each  clip  to  the  colurnn. 
^Hie  value  of  four  rivets*  b  sbgle  shear,  multiplied  by  the  depth  of  the  be^ffit 
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gives  the  SESisitNO  value  of  such  a  conntction  against  a  moment  doe  to  sMe 
throat.  In  lower  buildingi  it  b  nsual  to  s0ecily  two  rivets  instead  of  four  In 
each  flange,  and  in  the  case  of  very  high  or  narrow  buildings,  six  rivets  are  some- 
times used. 

Itetfttanee  of  Beam  and  Oirder-Connectiotta  to  Wlnd-Preaamre.    It  !s 
sometimes  assmned  that  the  connections  of  all  bcamd  or  girders  (running  in  the 


Fig.  2.    Ordinary  Girder  and 
OohrauKoniiectioiu 


Fig.  3.    Heavy  Girder  and 
Column-connection 


same  direction  as  the  wind)  to  columns  act  at  their  full  value  to  resist  the  wind. 
Thb  is  undoubtedly  wrong,  because  the  many  connections  could  probably  not 
be  made  to  work  at  the  same  time,  and  also  because  building-frames  are  seldom 
arranged  so  that  such  a  result  could  be  possible,  under  any  rational  assumption, 
in  regard  to  the  distribution  of  the  vertical  shears.  Side  cups  are  sometimes 
added  to  the  column-connections  to  furnish  additional  stiffness.  They  are  not 
of  great  value,  however,  as  on  most  beams  they  are  not  deep  enough  to  helt> 
much. 

Heavy  Coluflui-Coiiiiectioiis  in  Wind-Reaiatanc^.  Column-connections 
are  sometimes  made  very  heavy,  as  shown  in  Fig.  3.  A  connection  of  this  kind 
can  be  artanged  to  resist  a  large  -tmar.  The  itEststtNG  value  is,  ol  course, 
measured  by  tiie  resisting  moment  of  the  rivets  connecting  the  beam  to  the  clip- 
angles,  or  by  the  coanection  of  the  angles  to  the  column.'  This  type  is  used  where 
the  veaistaiice  to  wind  is  provided  for  in  a  very  latge  number  of  connections, 
perbapt  in  all  the  column-coanections,  throughout  the  buildings.     Such  an 
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arrangement  was  used  in  the  Hadaon  Terminal  Buildings,  New  Yock  Cit>% 
There  are  several  objections  to  this  type  of  connection.  Doable  beams  or 
girden  are  required,  and  the  resultiog  finish  is  awkward  in  appearance;  the 
cost,  also,  of  double,  compared  with  single,  beams  and  girders,  is  high.  Tbe 
additional  fireproofing>  also,  increases  the  expense,  and  on  the  whole,  it  does  not 
generally  prove  a  satisfactory  method  of  stiffening  a  building. 

The  Goaaat-Plate  Type  of  Wind-Bradng.  In  addition  to  ordinary  beam 
and  girder-connections,  as  described  in  the  preceding  paragiaphs,  there  are 
several  distinct  types  of  special  wind-bracing  commonly  employed.  Perhaps 
the  most  common  form  is  the  gussbt-plate,  shown  in  Fig.  4.  This  b  not 
usually  an  economical  type,  as  it  requires  much  field-riveting  and  results  in 
large  bending  moments  in  the  columns  and  girders.  It  accommodates  itself 
well,  however,  to  walls  in  which  there  are  openings,  and  is  generally  easily  con- 
cealed  by  architectural  treatments. 

The  Knee-Brace  Typo  of  Wind-Bracing  shown  in  Fig.  5  is  also  com- 
monly used  where  wind-bradng  is  pUced  in  exterior  walls. 

The  Sway-Rod  Type  of  Wind-Bradng  shown  in  Fig.  6  is  theoreticatly 
the  most  economical  type  of  wind-bradng,  but  b  now  little  used.  It  b  difficult 
to  arrange  openings  in  walb  or  partitions  in  which  the  sway-rods  are  placed, 
and  they  cut  up  the  masonry  considerably. 

The  Latticed-Girder  Type  of  Wind-Bradng  sho?m  in  Fig.  7  is  sometimes 
used' where  deep  bracing  is  desirable  for  stiffness,  and  where  the  stresses  are 
light. 

The  Portal  Type  of  Wind-Bradng  shown  m  Fig.  8  b  cumbersome  and 
GEpensive,  but  b  sometimes  necessary  where  large  openings  are  required  between 
columns. 

•.  Compatation  of  Wind-Streatoa 

The  Sheara  to  be  Tranamitted  by  Wind-Bradng  of  any  Type  are  the 

same  in  any  given  case,  but  the  bracing  of  each  type  transmits  these  shears  in  a 
different  manner,  and  thus  each  must  be  considered  separately.  It  is  as  thoo^ 
a  PLATE  GntDER  with  SOLID  WEB  Were  set  on  end  in  tbe  ground,  a  side  thrust  ex- 
erted, and  the  web  then  cut  away  at  successive  levek  corresponding  to  the 
stories  in  a  building.  The  amount  of  the  shears  to  be  transmitted  between  tlie 
flanges  would  not  vary  as  holes  in  the  web  were  made,  but  the  road  by  which  the 
shears  traveled  would  need  to  be  determined  by  the  character  of  the  resulting 
construction  after  the  holes  were  cut;  and  the  exact  character  of  the  secondary 
stresses,  abo^  set  up  in  the  remaining  portions  of  the  web,  would  deptsod  en- 
tirely upon  the  number  and  size  of  holes  and  their  position  in  the  web.  The 
investigation  of  the  shears  and  moments  taken  care  of  by  the  individual  members 
of  a  bradng-system  may  be  likened  to  a  study  of  the  secondary  stresses  in  the 
mutilated  web  in  the  imaginary  plate  girder'  described  above.  For  a  building 
it  is  generally  convenient  to  determine  the  vertical-shear  zncreiients  at  each 
level  of  bradng,  and  use  these  increments  in  the  further  analysb  of  the  bending 
moments  and  shears  in  the  individual  members  of  the  system. 

7.  ninatration  of  Method  of  Computing  Wind-Streaaea 

Thruats,  Vertical  Sheara  and  Moment-Incrementa,  If  bracing  b  placed 
in  the  walk  C  and  D,  Fig.  I,  it  b  assumed  that  one-half  the  length  of  the  buikfing 
contributes  pressure  to  each  line.  Let  it  be  further  a^wimed,  for  the  present, 
that  these  tines  of  bracing  are  the  only  features  of  the  construction  offering  a 
lesbtance  to  wind-bradng  against  side  A,    Then,  afwuming  the  wind  to  blow 
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at  30-lb  pressure  per  sq  ft,  perpendicular  to  side  A ,  there  are  horizontal  thrusts 
in  each  story,  on  each  line  of  bracing,  of  50  by  xa  by  30  lb,  or  18 000  lb.  Re- 
ferring to  Table  I,  page  1178.  there  are  found  listed  in  the  second  column  of  the 
table  these  horiaontal  thrusts  at  each  flo^r.  It  is  aaftumed  that  no  additional 
wind-pressure  reached  the  building  below  the  fourth  floor.  In  the  third  column 
of  the  table  these  horizontal  thrusts,  2^,  are  summarized  from  the  top  down  to 
each  floor-level,  giving  the  total  horuontal  iHRUffXS.  For  example,  202  500  lb 
ia  the  total  horizontal  thrust  down  to  and  including  the  tenth  floor.  Each  tier 
of  bracing  must  transmit  a  vertical  shear  equal  to  the  difference  in  flange- 
stress  between  a  point  midway  in  the  story  above  the  tier  in  question,  and  a 
point  midway  in  the  story  below.  This  difference  of  flange-stress  can,  of  course, 
be  found  by  ascertaining  the  difference  in  bending  moments  between  the  two 
points,  and  dividing  by  the  effective  depth  of  the  system,  as  in  a  plate  girder  or 
truss.  It  will  now  appear  that  the  differences  in  moments  applying  to  each  tier 
nuiy  easily  be  found  and  tabulated.  These  will  be  called  the  moicent-incre- 
ICENTS.  They  have  been  tabulated  for  the  assumed  case  in  the  fifth  column  of 
the  table.  Of  course,  the  sum  of  all  the  moment-increments  must  equal  the 
total  overturning  moment  of  the  wind.  The  simplest  way  to  obtain  the 
moment-increment  for  any  tier  is  to  multiply  the  total  horizontal  thrust,  ZH, 
down  to  the  level  in  question  by  the  distance  between  points  midway  in  the 
stories  above  and  below  the  tier.  Thus,  for  the  tenth  floor,  202  500  by  12  equals 
2  430  000  f  t-lb. 

The  Increments  of  Vertical  Shear  are  found  by  dividing  the  moment- 
increments  by  the  effective  depth  of  the  cantilever,  In  this  case,  47  ft.  The 
VERTICAL  INCREMENTS  are  listed  in  the  sixth  column  of  the  table.  It  is 
usual  to  take  the  full  depth  between  outside  coliunns  as  the  effective  depth  of 
the  cantilever.  This  is  not  strictly  correct  where  there  are  four  or  more  columns 
in  the  plane  of  the  bracing,  but  the  assumption  is  made  on  the  ground  that  the 
walls  A  and  B  furnish  flanges  which  are  so  many  times  more  effective  than  the 
intermediate  columns  that  the  latter  may  be  neglected.  If  there  are  a  number 
of  columns  in  the  plane  of  the  bracing,  say  six  or  seven,  this  assumption  becomes 
rather  too  inaccurate,  and  the  effective  depth  should  be  reduced.  The  function 
of  the  bracing,  as  heretofore  stated,  is  to  carry  between  the  flanges  at  each  floor- 
level  the  increments  of  vertical  shears  thus  found.  The  summation  of  all  the 
vertical  increments  from  the  top  down  gives  the  total  vertical  load  and  up- 
lift due  to  wind,  on  the  comer-K^lumns,  or  more  correctly,  on  the  outside 
flanges  of  the  girder. 

Ezcett  Vertical  Shear.  In  this  assumed  case,  the  total  uplift  exceeds  the 
probaUe  dead  and  five  loads  on  the  comer-columns.  This,  however,  is  not 
serious,  provided  there  are  sufficient  means  furnished  for  transferring  any  excess 
of  load  or  uplift  into  the  walls  A  and  B,  which  act  as  flanges  to  the  wind-resisting 
girder.  As  a  general  rule,  the  side  walls  of  a  city  building  are  not  much  reduced 
by  windows,  and  in  higher  buildings  there  are  usually  spandrel  beams  in  the 
walls  at  each  floor.  With  such  an  arrangement  a  considerable  amount  of  excess 
SHEAR  can  be  taken  care  of.  In  some  cases  special  bracing  may  be  necessary,  at 
least  in  the  end-panels  of  walls  A  and  B. 

The  Total  Vertical  or  Flange-Stress.  When  considering  any  question 
regarding  the  vertical  load  or  upuvt,  such  aa  the  one  described  in  the  pre- 
ceding paragraphs,  it  should  be  kept  in  mind  that  totals  should  be  used  without 
reductions  of  any  sort.  Vertical  forces  forming  couples  to  resist  the  wind  must 
be  the  same  whether  they  are  transmitted  through  the  masonry  walls  or  through 
apedal  steel  bracing.  Referring  again  to  the  illustration  of  the  plate  girder  set 
np  in  the  earth,  the  vertical  ahean  are  dependent  only  on  the  force  of  the  wind 
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and  the  effectiye  depth  of  the  girder.  The  eiaci  wbb-sxuss  wiH  vuy  with  the 
form  and  anaogeipeat  of  the  web,  but  the  total  vbkbcal  or  FLANOC-siiEsa 
must  remain  the  sanae  in  any  case. 

Ind«t6fiiiimit«  RMriatniicd-Facton.  An  analysts  which  makes  no  sHowance 
for  the  reaiatance  of  waUs,  ordinary  connections,  etc.,  to  wind  is  fairly  (firect 
and  simple,  and  the  bracing  can  be  proportioned  with  as  much  predskm  as  any 
structural  feature.  When  the  wind-resistance  of  a  building  is  a  primary  con- 
sideration, as  in  a  tower,  the  analysis  should  be  made  thus,  for  only  in  this  way 
can  a  result  be  obtained,  where  it  is  not  required  to  rely  on  almost  unsupported 
judgment  for  the  value  of  DmETcmimfATB  pactoks  of  KmsTAMce.  When, 
however,  ordinary  buildings  of  usual  proportions  are  under  consideration,  it  is 
customary  and  well  to  make  aHovrance  for  the  iNTBOEaiONATE  factdks,  to  the 
best  of  000*8  judgment.  This  is  necessary  for  economy,  and  is  perfectly  proper 
so  h>ng  as  usual  cases  are  to  be  dealt  with. 


TaUe  I. 


Thrusts,  Shears,  Moment-Xncrementi,  ete.,  for  the  BufidfaiC 
Shown  in  Vig .  1 
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3330c 
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Scheme  for  Developing  Special  Bradng.    The  writer  offera  the  kBkf^ 
as  a  reasonable  and  oonaisteat  scheme  for  oevelofimg  special  bxacdsc 
such  allowances  are  considered.    Unfortuiuteiy,  it  does  not  a 
reconamend  axky  method  of  determining  the  correct  aUowancca^  except. 
eral  guides  as  are  mentioned  in  Subdivision  3,  page  1x73.    In 
aome  one  familiar  with  constmcUon  and  usual  piactios^ahouU  decide 

Digitized  by  VjOOQIC 


Analysis  of  Stresaes  in  Differeat  Types  of  Wind-Bradng    >179 

down  from  the  top  it  will  be  safe  to  assume  the  buUdin^  rigid  aod  secure  against 
wixui,  without  special  bradng.  In  this  case,  let  it  be  assumed  that  the  buUding 
is  capable  of  safely  resisting  the  wind,  without  the  aid  of  special  bracing;  as  fac 
down  as  the  thirteenth  floor.  Then»  assuming  that  the  waliiB*  beam-connections, 
etc.,  remain  reasonably  the  same  in  the  floors  below,  it  is  fair  to  say  that  the 
amount  of  the  increment  at  the  fourteenth  floor  can  be  deducted  Uom.  the 
moment-increment  at  each  floor  below. 

GOTrected  Vertical  Incrtmeiiia.  The  corsxctsd  vmkticAl  iNoizicBins 
found  in  this  manner  should  be  used  only  in  the  proportioning  of  special  bradng; 
Tbe  fall  overtuming  moment  of  the  wind,  and  the  full  vertical  shears,  should 
be  used  in  considering  ail  other  effects  of  the  wind  and  the  vesistance  of  the 
building  to  it.  It  should  also  be  borne  in  mind  that  this  method  of  prqixvtion- 
ing  biadng  is,  at  best,  largely  dependent  upon  individual  opinion,  and  In  any 
unusual  case  it  is  far  better  to  err  on  the  safe  aide,  even  to  the  extent  of  d5sn>- 
garding  altogether  the  imoertain  factors  of  resbtance.  The  (XMUIBCTED  vulticax. 
INOIXMEMTS  for  the  assimied  case  have  been  listed  in  the  dghth  column  of 
Table  I.  Since  the  flanges  of  the  building,  acting  as  an  upright  cantilever 
girder,  have  been  assumed  concentrated  in  the  outside  wsila  A  and  B  (Fig»  l\  it 
follows  that  the  vkkhcal-sbsak  increments  will  be  constant  from  outside  tg 
outside  of  bradng. 

8.  Analytis  of  StrMses  In  IMfTerent  Types  of  Wind-Bradng 

The  Horizontal  Thrusts,  which  must  be  carried  by  the  bracing  at  each  level 
as  struts,  are  small  and  can  usually  be  neglected.  The  HAxmuM  HOiRXZONZAL 
THRUST  possible  can 
not  exceed  the  hori- 
zontal pressure  of  the 
wind  for  one  story, 
or,  in  the  example, 
i8  000  lb. 

The  Total  Hori- 
zontal Shear.  The 
columns  in  the  brac- 
ing-system must  carry 

the  TOTAL  HORIZONTAL       | 

SHEAR  in  each  story, 
but  this,  also,  is  usually 
very  small  in  compari- 
son with  the  shearing 
resistance  of  the  col- 
umns and  can  be  neg- 
lected. 

Stresses  in  Gusset- 
Plates.  Fig.  4  repre- 
sents a  typical  pand 

of  OUSSET-BRACING.  pjg  4  Quaset-plate  Typc  of  Fig.  6.  Knee-bace  Tyi»  o« 
Under  the.mfluence  of  Wind-bntdng  Wind-bracing 

a  side  pressure  there 

would  be  a  tendency  to  distort  tbe  frame,  changing  the  angle  between  the  vertical 
and  horizontal  members;  that  is,  the  columns  and  girders.  For  this  investigation,  a 
girder  at  any  levd  is  consideredi  wit)^  gusset-plates  at  either  end,  as  shown.  These 
gusset-plates  act  to  prevent  the  distortion,  and  si^ice  th^  bott^  ^t  dther  ^nc^fvi 
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ikat  the  same  wind>action,  the  twbting  moment  in  each  has  the  same  sign.  But  i! 
they  twist  in  the  same  direction  at  opposite  ends  of  the  girder,  there  is  somewhere 
along  the  girder  and  between  the  gussets  a  point  of  iKixEcnoK  or  a  point  or  no 
BENDING.    The  position  of  this  point  varies  with  the  relative  strength  of  the  two 
gussets,  but  for  simplicity  it  is  usually  assumed  midway  between  them  and  they 
are  thra  proportioned  to  take  care  of  the  resulting  moments.    Let  the  point  of 
inflection  in  the  erample  be  thus  taken.    As  there  is  no  bending  moment  at  thb 
point,  the  bending  moment  at  any  other  point  oq  the  girder  may  be  found  by 
multiplying  V,  the  increment  of  vertical  shear  for  the  level  in  question,  by  the 
distance  from  the  point  of  inflection.    So,  at  the  toe  of  the  gusset-plate,  the 
bending  moment  on  the  girder  equals  V  multiplied  by  t,  and  this  is  the  MAxmuM 
urndino  moment  on  the  girder.    The  flange-stress  having  been  detennined 
from  thb  bending  moment,  it  is  possible  to  fix  the  number  of  rivets  required 
to  fasten  the  flanges  to  the.gtisset.    The  connection  of  the  web  to  the  gusset 
must  provide  for  a  shear  equal  to  K.     V  multiplied  by  /  gives  the  moment  pro> 
duced  through  the  gusset  at  the  £ace  of  the  column.    The  rivets  oonnwtins 
the  gusset  to  the  column  must  be  sufficient  to  resist  this  moment. 

Points  of  Inflieetion  occur  in  the  columns  midway  between  the  gusaeta,  just 
as  in  the  girders.  The  bending  moment  in  the  column  may  be  obtained  approii- 
mately  by  assuming  the  moment  exerted  through  the  gusset-plates  to  be  appBed 
in  the  form  of  a  couple  acting  at  points  two-thirds  of  the  way  out  from  tbe  cente: 
of  the  gusset  to  the  tipSk  as  indicated.  The  maximum  bending  moment  in  cacb 
COLUMN  will  then  be  the  horizontal  force  P  multiplied  by  d»  P  is  obtained  bf 
multiplying  K  by  /  and  dividing  by  c,  I  being  the  distance  from  the  inflectiQ& 
point  in  tbe  girder  to  the  axis  of  the  column,  and  c  being  the  distance  betwe«! 
the  inflection-points  in  the  oolunm  above  and  below  the  girder. 

GutBot-Plates  on  Both  Sides  of  Column.    If  there  are  gusset-piaxes 
TWO  SIDES  of  a  column,  as  is  usual  on  interior  columns,  the  maximum  bexK&b 
moment  in  the  column  will  be  the  sum  of  the  maximum  moments  due  lo  es. 
gusset.    Gusset-plate  connections  are  easily  arranged  with  plate  girders  or  w. 
double  channela,  or  even  with  k  beams. 

Stresses  in  Knee-Braces.  Let  Fig.  5  represent  a  typical  panel  of  ss^i 
bracing.  As  described  in  the  preceding  paragraphs  on  gusset-plates,  thew  b 
be  points  OP  inflection,  and  consequently  points  or  no  bending,  in  tl^e  siici 
and  also  in  the  columns.  These  points  are  assumed  midway  between  ^tbe  e^. 
of  the  knee-braces  in  both  the  columns  and  girders.  Let  V  be  the 
increment  for  the  level  under  investigatitm. 

Then  P'Vl/c 

and  the  reaction  of  the  girder  at  the  column, 
RmVa/h 

Sinte  V  and  R  act  always  in  the  same  direction,  5  must  be  equal  to 
Hence  5-^-l-r 

Maximum  bending  moment  on  girder  -  V^ 

or  the  equivalent 

Maximum  bending  moment  on  girder  -  Xb 
Maximum  bending  moment  on  column  »  Pd 
Stress  in  each  knee-brace  "HS  cosecant  a. 

It  Is  eWdent  that  R  b  the  shear  anywhere  between  the  interse.*.  ■  *twv  t*** 
the  center  line  of  the  knee-braces  and  the  columns,  and  that  K  b  ^  *  ^ 
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where  between  the  braces  at  either  end  of  the  gixder.    M  wcb-spliceSt  and 
also  the  pitch  of  flaoge-rivetSk  must  be  pcoportioned  from  these  shears. 

Ammgament  of  Bncea  for  Ro  Bonding  Momont  in  (Hrdor  or  Gdnmn. 
It  is  apparent  from  the  above  that  the  nearer  a  and  d  approach  zero  the  less  the 
bendmg  moments  in  the  girder  and  column  become.  If  the  intersections  of  the 
center  lines  of  the  braces-  can  be  arranged  so  that  a  and  d  become  sero*  there- 
will  be  NO  BENDING  MOMENTS  in  the  girders  or  columns. 

Kneo*Bracos  on  One  Side,  Only,  of  Glrdor.    It  is  often  necessary  to 
arrange  KNEC-BiACEiB  ON  oks  sn>E,  only,  of  the  girder,  either  above  or  bdow. 
In  a  case  of  thb  kind  the  girder  itself  serves  as  one  arm  of  the  brace,  and 
The  stress  in  the  single  knee  *•  5  oosecanta 

R  and  5  are  as  determined  above,  but  there  must  also  be  taken  into  account 
the  horizontal  stress  in  the  girder,  due  to  its  action  as  one  arm  of  the  brace* 

Horizontal  stress  in  girder  •  K//(>i  c-^d) 

The  connection  between  the  column  and  the  girder  must  provide  for  the  com« 
bined  action  of  R  vertical  and  V7/(Vi  c-d)  horizontal. 

Stresses  in  Sway-Rods.  For  the  correct  analysb  of  sway-bracxno  (Fig.  6), 
the  vertical  increments  should  be  foimd  in  a  manner  slightly  di£ferent  from  that 
described  in  Subdivision 
7,  pages  1176-9.  The 
horizontal  pressures  are 
found  as  before,  except 
that  the  total  pressures 
from  the  top  down  to 
each  floor  include,  in  each 
case,  the  additional  pres- 
sures against  areas  of  one- 
half  the  story  below.  The 
arm.  A,  for  each  level 
should  be  the  story- 
height  bebw.  (See  sec- 
tion, in  Fig.  1  and  fourth 
column  of  Table  I.)  The 
vertical  increments  are 
found  just  as  for  the  other 
types,  except  for  these 
slight  variations;  and, 
again,  these  vertical  in- 
crements are  constant 
throughout  each   story. 

The   STRESS   IN  ANY   DI- 
AGONAL equals  the  verti- 


Fig.  6.    Sway-rod  Type  of 
Wiad-bfadng 


Fig.  7.   Lattfeed-girder  Type 
oi  Wind-biacing 


cal  increment  in  the  story  multiplied  by  the  cosecant  of  the  angle  a  (Fig.  6). 
It  is  assumed  that  the  diagonab  are  used  for  tension  only  and  that,  consequently, 
only  one  system  acts  at  a  time.  Each  horizontal  member  must  take  compression, 
equal  to  the  vertical  increment  in  the  story  below,  multiplied  by  the  cotangent 
of  a.  If  the  joints  are  arranged  so  that  axial  lines  of  members  intersect,  there 
will  be  no  bending  either  in  the  columns  or  the  horizontal  members. 

Stresseo  in  Latticed  Girders.  Let  V  in  Fig.  7  equal  the  vertical  increment 
for  any  story.  As  in  the  other  types,  V  is  constant  between  the  columns,  and 
the  stress  in  any  diagonal  equals  V  multiplied  by  the  cosecant  of  a.    As  in  the 
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6otSBT^TltrE  Mid  XNES4ftACB  T<pc,  ttwre  Is  no  bending  at  the  middle  sectioo 
of  the  girdcr^ength,  and  conaeqaently^  no  streM  In  the  middle  section  of  the 
t^^t^QT^.  .  Xhe  nuoimttm  bending.  mooMfttJii  the  girder  Is  at  the  aalnmn-faoe, 
and  this 

Maximum  bending  moment  Ln  the  girder  «  Vj 

The  manihtim  diord-stress  is  at  this  same  point,  and  this 
Maximuo^  chord-stress  -  VJlh 

The  connections  of  the  chords  to  the  columns  must  provide  agamst  thii  max- 
imimi  stress. 

p  «  nic 

and  the 

Maxhnum  bending  moment  in  the  cohmm  «  P^ 

Stresses  In  Portal  Bracing.     It  is  not  possible  to  analyze  exactly  the 
stresses  in  postal  biacino  (Fig.  8),  when  it  is  used  in  connection  with  columos 

of  continuous  section.  The  analysis  here 
given  follows  that  of  C.  T.  Ptudy  in  "  Modem 
Framed  Structures. "  It  is  considerably  on 
the  safe  side,'  and  for  ordinary  cases  can 
well  be  followed.  In  a  large  building,  where 
much  bracing  of  this  type  might  be  used, 
the  exact  form  of  the  portals  should  be 
determined,  and  greater  allowance  made  for 
the  effect  of  contintjous  columns. 

Let  Zff  equal  the  accumulated  force  of 
horizontal  shear  from  the  wind  at  the  floor 
next  above  floor  J/,  applied  half  on  one 
side  and  half  on  the  other.     Let  B\  equal 

BjT      ^"^faej^^ !  the  force  of  the  wind  or  the  shear  directly 

I  »H»Hi  I  \        It  tributary  to  floor  U.  Then,  taking  moments 

■»    «     li         Wt  about  O  (Fig.  8) 

FXa/-(2ff  +  i5ri)« 
or 

and  the 

Horizontal  reaction«  \i  (SiT  +  i?!) 

Fig.  8.    Portal  Type  of  Wind-brftcing       To  determine  the  maximum  stress  in  the 

curved  flange  /,  aSsume  a  point  ^  in  the 
flange  r,  horizontally  distant  x  from  the  line  WW^  and  at  the  distance  y,  meas- 
ured normal  to  a  tangent  to  any  point  in  the  flange  /;  then,  taking  the 
center  oi  momenta  at  the  left  extremity  of  the  distance  x,  the  stress  in  the 
flange  /  multiplied  by  y,  equals  \  multiplied  by  x,  or  Vxly  equals  the  stress  in 
the  flange  /,  at  the  section  taken,  and  this  is  a  maximum  when  xjy  has  its  great- 
est vahie. 

Each  leg  of  the  portal,  including  the  column,  may  be  considered  as  a  canti- 
lever with  two  forces  acting  on  it,  the  horizontal  force  H  (Siy-I-  Hi)  and  the 
vertical  force  (2H  +  ^i)  c/a  /,  the  flange  /  (of  the  right  leg  for  example)  being 
in  COMPRESSION  and  the  column  itself  acting  as  a  tension-chord.  Assuming  a 
point  on  the  axial  line  of  the  column,  distant  «i  from  the  bottom  of  the  leg  and 
at  right-angles  to,  and  distant  yi,  measured  normal  to  a  tangent  to  any  point  in 
the  flange  i,  and  taking  moments  about  this  assumed  point,  the  stress  In  the 
flange  /  multiplied  by  yi  eqnab  H  (2H-h  fft)  multiplied  by  xi,  or  the  stress  in 
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the  flange  I  equals  H  (SF+  fTi)  multiplied  by  sn/yu  and  this  is  a  maximum 
when  xi/yi  has  its  greatest  value.  There  k  appiDximatioii  in  this  ticatment, 
but  it  is  on  the  side  of  safety.  If  the  flange  i  has  a  section  proportioned  to 
these  maximum  strestes  the  requlraraents  will  be  fulfilled.  The  stress  m,  and 
sectioa<area  nquired  fori  the  flange  r  caa  be  obtsined  in  a  similar  mamier.  The 
connectioD  of  the  portal  above  this  flange  to  the  portal  and  colunm  abcnre  must 
be  such  that  it  will  ssfe^  resist  the  stress  H  J^H  at  each  leg. 

!•  CombiiiatloA  of  Dead  and  Live  Loads  with  Wlnd^toads 

Oaneral  Prindples.  It  usually  happens  that  the  same  girders  that  are  used 
as  wind^bradng  serve  also  to  carry  floors  or  walb.  The  dead  and  live  loads 
should  be  oon^ered  with  the  wind,  and  the  eesultant  coXBoncp  sxresses 


Fig.  9.    Types  of  Columns  Arranged  for  Wlnd-brsdng. 

ascertained.  It  should  be  borne  in  mind  that  the  maximum  bending  moment 
caused  by  the  wind  is  often  at  a  point  on  the  girder  more  or  less  removed  from 
the  point  of  maximum  bending  moment  for  dead  and  live  loads.  When  xc^ult* 
ANT  8BKAR8  AND  uoiCENTS  STc  considered,  in  which  the  forces  are  the  wind-load 
and  the  live  and  dead  loads,  it  is  generally  deemed  proper  to  use  unit  streslwa 
50%  in  excess  of  those  of  common  practice  under  usual  loading.  The  columns 
should  be  investigated  for  direct  live,  dead  and  wind-loads  and  for  the  bending 
due  to  wind.  The  sbsui.tamt  axwcao,  again,  sbouM  iiot  exceed  150%  of  the 
stresses  generally  used  for  live  and  dead  loads  only.  It  is  often  best  to  design 
columns  with  a  special  view  to  proper  connections  for  bracing.    This  aids  in 
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both  design  and  detail.    In  Fig.  9  are  shown  a  few  typical  axbakgements  of 

column-material  iUustiating  this  point. 

It.  Wind-Bracing  of  Water-Towtfi  and  Similar  StnictorM 

The  Principlea  Involved  in  Water-Tower  Bracing.  In  the  case  of  a 
TOWER  wnHODT  MASONRY  WALLS,  a  problem  b  presented  much  simpler  than 
that  of  a  building,  as  the  indetxrmznatb  rAcroRS  of  resistance  are  largely 

I f^     J  eliminated.   Thebradng  should 

M^Linftfrnj  iTrij^  be  designed  to  resist  the  full 

wind-pressure.  It  should  be 
borne  in  mind  that  in  water- 
towers  the  condition  of  minimum 
STABIUTY  obtains  when  the  tank 
b  empty.  The  most  common 
form  for  tower-bradng  b  the 
SWAY-ROD.  The  analysU  ol 
stresses  u  the  same  as  described 
on  page  ii8i.  The  application 
of  the  thrust  b  largely  at  the  top 
where  the  tank  stands,  but  this 
does  not  in  any  way  alter  the  an- 
alysis. The  legs  of  water-towers 
are  frequently  sloped  to  give  a 
greater  spread  at  the  bottom. 
In  thb  case  the  stresses  are  more 
readily  determined  by  graphic 
methods  than  by  algebraic 
or  trigonometrical  computation. 
(See  Chapter  XXVU.) 

The  Aastimed  Unit  Pres- 
sures should  be  somewhat 
greater  for  towers  than  for  build* 
ings.  Towers  are  small  in  com- 
parison with  buildings,  and  the 
probability  of  the  full  wind-pres- 
sure being  developed  over  th« 
entire  surface  b  greater.  Prob- 
ably 40  lb  per  sq  ft  is  ample. 
Pressure  against  a  cylindric\l 
BODY,  such  as  a  tank,  may  he 
taken  at  about  two-thirds  of  the 
full  pressure  against  the  projec- 
tion  of  the  diametrical  plane. 
The  stresses  under  thb  assume<i 
pressure  should  be  kept  within 
usual  bounds  for  ordinary  dca*! 
or  live  loads.    The  anchorage  ol 


Fig.  10.    Whitehall  Building. 
Lines  of  Bracing 


Plan  and 


each  post  should  exceed,  by  a  safe  margin,  the  full  uplift  due  to  the  assumed 
pressure.  The  weight  of  water  in  the  tank  should  not  he  considRred  as  resisting 
the  uplift. 

A  Good  Example  of  a  Steel  Water-Tower  b  described  and  illustrated  in 
the  Engineering  Record  of  June  30,  1903.  the  stress-diagrams  and  detaib  of  coo- 
struction  being  given. 
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F%.11.   WhitehaU  Buildinf .    Wmd-br«ciiig  oa  Line  I,  Fig.  10 
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Fig.  12.    Whitehall  Buildmg.    Wind-bndng  on  Line  II,  Fig.  10 
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11.  Recent  Examples  of  Wlnd-Bradng  in  TaU  Bufldings* 

The  Whitehall  Bnfldingf  (Figs.  10 
to  17),  9  to  14  West  Street,  New  York 
City,  consists  of  a  thirty-one  story  addi- 
tion to  the  earlier  Battery  Pbce  Building. 
It  joins  the  older  twenty-story  building 
which  is  on  the  south.  As  the  plan.  Fig.  10, 
indicates,  the  building  is  very  long  and  nar- 
row when  compared  with  its  height  and  it 
represents  a  type  in  which  whid-bnuang  must 
be  considered  an  essential  feature.  The  six 
lines  of  bracing  indicated  on  the  plan  (Fig. 
10)  by  the  Roman  numerals  and  the  letters 
W.B.  were  chosen  so  as  to  interfere  as  little 
as  possible  with  the  requirements  of  the  plan. 
Knxs-biaces  were  used  as  far  as  practi- 
cable, but  in  several  instances  it  was  neces- 
sary to  use  ovssEis  because  of  the  limited 
Bpact  available.  It  was  assumed  that  the 
ordlnaiy  connections  of  girders  to  columns, 
and  the  walls,  furnished  suffidcnt  stiffness 
down  to  the  twenty-fourth  floor-level.  Be- 
low that  level  the  bracing  was  proportioned 
as  described  on  pages  1179-80;  that  is,  al- 
lowance was  made  for  the  indeterminate 
FACIOSB  or  BESiSTANCE  equsl  to  the  wind- 
nx>ment  at  the  twenty-fourth  floor. 

The  United  States  Reattj  Building  t 
(Fig.  18),  115  Broadway,  New  York  City, 
is  another  example  of  a  building  in  which 
SPECIAL  BEAdNO  is  qulte  essential.  It  b 
twenty-one  stories  high,  and  its  width  is 
smaD  when  compared  with  Its  length  and 
height  Bracing  was  used,  as  Indicated,  in 
the  end-wiJIs,  but  it  was  not  feasible  to  put 
enough  in  these  Bnes  to  do  all  the  work. 
Additiooal  lines  were  therefore  added  be- 
tween some  of  the  elevator-shafts  and  in 
other  places  as  shown  on  the  plan.  No 
spedal  biadng  was  ised  above  the  fifteenth 
floor. 

The  Morton  Bnflding§  (Fig.  19),  681 
Fifth  Avenue,  New  York  City,  is  but  twelve 
stories  high,  but  is  rather  narrow.  The 
building  is  on  an  interior  lot,  and  it  was 
necessary  to  keep  the  openings  in  the  ex- 
terior walls  as  large  as  possible,  in  order  to 
properly  light  the  interior.  This,  of  course.  Fig.  13. 
made  the  exterior  waUs  of  but  little  value 

*  Puidy  ft  Hendenon  acted  as  designing  engiiieen  for  these  buildings. 

t  Clinton  ft  Russell,  architects. 

i  Fraads  H.  Kimball,  architect. 

I  McKim,  Mead  ft  WbiU,  architects.  ^  . 
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Fig.  14.    WhiUhall  BuOding.    Wind-  Fb.  15.    WUtehafl  Buflding.    Wiad- 

hndog  on  Line  IV.  Fig.  10  bndaag  on  line  V  and  VI,  Fig.  10 
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Fig.  10.    WliitdMU  BuMog.    Wind-bracing  Dttdb 
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Fig.  17.    WbitthaU  BuikUnff.    Wtnd-bradng  Deuib 


y  Google 


[Ezampki  of  WIod-Bracuig  b  Tail  Buildings 


U91 


Fig.  18.    IMsd  States  Realty  BuHdiag. 
Plan  aiM}  Uses  ol  Bndng 
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Fig.  10.    Morton  Buflding.    Plan 
aid  Lines  of  Biadng 
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Fig.  20.    Masonic  Building.    Plan  and  Linci  of  Btadng 
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Fig.  21.    Everett  Building.    Plan 
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for  bracing.  Small  knee-braces  and  ousssis  were  intioduced  in  etch  end- 
wall,  and  additional  knee-braces  next  to  the  elevator-weUs  and  stair-wells.  Hie 
interior  girder-connections  to  the  columns,  abo^  were  made^with  six  rivets  in 
each  flange,  instead  of  with  four  as  is  usuaL  These  special  bradng-features  were 
carried  up  to  the  fifth  floor-level. 

Tha  Masonic  Hall*  (Fig. 20),  34th  Street  Bufldiqg,  New  YorlL  Qty,  twenty- 
two  stories  high,  has  virtually  no  spedal  bradng.  Light  knee-braces  were 
btioduced  in  the  two  wings,  but  these  were  rather  to  insure  the  steelwork  against 
getting  out  of  plumb  in  erection,  than  to  assist  in  wind-resistance. 

TI10  STeratt  Bvfldlngt  (Fig.  21),  45  East  17th  Street,  New  York  City,  b  a 
iixteen-stoiy  building,  with  no  spedal  bradng  of  any  kind.  Jt  is  huge  on  the 
gi^und,  and  the  ordinary  features  of  construction  offer  ample  resistance  to 
wind. 

Tha  Metropolitan  Tower!  (Fig.  22),  Madison  Square,  New  Yoric  City,  it 
such  an  unusual  case  that  it  is,  perhaps,  out  of  place  to  mention  it  as  an  exanqile 

in  any  wise  typical.    It  is  700  ft  

high  and  about  75  by  85  ft  in  plan    'c — —-— 


^ 


—Y"i" 


throughout  the  lower  stories. 
Wind-bradng  in  this  case  is  a 
prime  feature  of  the  structural  de-  g 
sign  and  received  much  attention.  '^ 
It  is  designed  from  top  to  bottom 
to  resist  a  full  pressure  of  30  lb  per 
aq  ft,  with  no  reduction  for  the 
vahie  of  walls,  etc.  The  bradng 
consists,  in  general,  of  plate 
girders  in  the  walls  at  each  levd, 
with  knee-braces  and  gussets 
for  the  joints.  The  columns  are 
designed  with  espedal  view  to  the 
manner  of  connection  for  the  brac- 
ing. Thedead  weight  of  the  tower 
offers  a  moment  or  resistance  to 
overturning  far  in  excess  of  the 

MOMENT  OF  THE  WIND. 

These  examples,  all  drawn  from 
New  York  City  buildings,  are  per- 
haps as  typical  of  the  most  ap- 
proved modem  practice  in  nspect  to  wind-bradng  as  could  be  diosen.  There  is 
such  an  infinite  variety  in  the  shape  and  sixe  of  buildings  that  no  case  is  ever 
quite  like  any  previous  example. 

*  H.  P.  Knowles,  ardiitect. 

t  Goldwhi  Starrett  &  Van  Vleck,  aidiitecta. 

X  N.  LeBran  &  Sons,  architacU 
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Metropolitaa  Tower. 
Lines  of  Bndag 
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USEFUL  INFORMATION 

TOR 

ARCHITECTS,  BUILDERS  AND  SUPERINTEND- 
ENTS 

AND  ALL  WHO  SAVE  TO  DO  WITH  THE  BUIIOING  TRADES 

Note.  The  author  and  editors  have  arranged  the  information  in  Part  III 
in  the  following  order: 

Heating  and  Ventilation. 

Chimneys. 

HydiatilicSy  Plumbing  and  Drainage,  Gas  and  Gas-Piping. 

Tjight^ng  ^inH  Illumination  of  Buildings. 

Electric  Work  for  Buildings. 

Architectural  Acoustics. 

Weights,  Quantities  and  DaU  for  Estimating  Cost. 

Dimensiona  and  Data  Useful  in  the  Preparation  of  Drawings  and  Specifica- 
tions. 

Miscellaneous  Information  for  Architects  and  Builders. 

Glosaaxy  of  Architectural  and  Technical  Terms. 

Legal  Definitions  of  Architectural  Terms. 

*  TTuooghoat  Put  m,  the  sabiect-matter  has  been  revised,  the  general  order  of 
data  bang  left  as  arranged  by  Mr.  Kidder  in  preceding  editions  or  as  submitted  in  this 
edition  by  the  asaodate  editocs  who  have  revised  diviaioDa  of  this  part  of  the  Pocket-Book. 
Editor-iiFchicL 
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HEAUNG  AND  TENTILATION 
HEAT,  FUEL,  WATER,  STEAM  AND  AIE 

By 
ROLLA  C.  CARPENTER 

TtOFESSOK  or  EXFESnCENTAL  EKGINEERXNO  IN  CHASOK  07  THE  OBPART- 
KENT  or  ENGINEERING  SESEAECH,  CORNELL  UNIVERSnY 

Heat  The  English  unit  of  heat,  or  British  therual  unit  (Btu),  is  the 
quantity  of  heat  required  to  raise  the  temperature  of  i  lb  of  pure  water  i""  F. 
For  extreme  accuracy,  the  point  on  the  temperature-scale  at  which  the  degree- 
rise  is  taken  should  he  specified,  and  is  usually  taken  either  at  39-x*  F-  or  at 
63*  F.  The  French  unit,  or  calorie,  is  the  quantity  of  heat  required  to  raise 
the  temperature  of  z  kilogram  of  water  i**  C  (from  15*  to  16^  C).  Heat  and 
mechanical  energy  are  interconvertible,  the  hechanical  equivalent  or  i  Btu 
being  pncticaily  778  ft-lb.  The  effect  of  heat  may  be  noted  by:  (i)  A  change 
of  temperature,  as  indicated  by  the  ordinary  thermometer;  (2)  a  change  of 
volume,  in  which  mechanical  work  is  done;  (3)  a  change  of  state,  such  as  solid 
to  liquid  or  liquid  to  gasecMis. 

Thennometera.  The  relative  values  of  the  degrees  on  the  different  thermom- 
eters in  use  are  given  by  the  following  table:  . 


DaU  determlnAd 

Fahrenheit 

Centigrade 

R^umur 

Dqbtms  between  {recnng  aad  boUing 

Temperature  at  boiling-point 

Comparative  length  of  degree 

Countries  where  used 

180 

32 

I 

H 
England  and 
America 

100 

0 

100 

H 

I 

Prance  and 

te 

0 
te 

•     H 

H 

Russia 

F-HC  +  3a'-HR  +  3a**  C-H(F-30-WR 

As  a  general  rule,  thermometers  are  graduated  to  read  correctly  for  total 
immersion.  If  the  stem  emeiges  into  space  either  hotter  or  colder  than  that 
in  which  the  bulb  b  placed,  a  stbm*correction  must  be  appKed  to  the  observed 
temperature  in  addition  to  any  coirectioo  that  may  be  found  in  oomparisoa 
with  a  standard. 

Stem-correction  -  o.oooo8s  n{,T^t) 

where  T  is  the  observed  temperature,  t  the  mean  temperature  of  the  emergent 
column,  n  the  number  of  degrees  of  mercury  column  emergent,  and  0.000085 
the  difference  between  the  coefficient  of  expansion  of  the  mercury  and  that  of 
the  ^aas  in  the  stem.  It  has  been  found  by  experiment  that  air  at  32**  F.  con- 
tracts 1/491.64  part  of  its  volume  if  its  pressure  remains  constant  and  its  tem- 
perature is  decreased  one  degree.  If  this  law  holds  consistently  the  volume 
will  be  reduced  to  nothing  at  (491.64—  3a)  >■  459*64°  bebw  zero.  This  point 
is  known  as  absolute  zero,  and  tempesatures  measured  from  it  are  known 

as  absolute  TEl^ERATURJtll,. 
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Fuel.    Fuels  may  be  classified  as  solid,  uquid  and  gaseous. 

Solid  fueb  include  the  various  grades  of  coal,  lignite,  peat  and  wood.  Of 
the  liquid  fuels  m^  be  n«tioBed  petrqkmm  4a4  ito  dfitjllates.  Tlie  most 
important  o(  the  ^^aeous  /uels  i»  natural  g»Sf  which  i»  fiso^  |i«tf  .extensively 
for  heating  purposes  and  for  power  purposes  wherever  ft  abounds. 

Coal-Fields  in  the  United  Statti.  Most  of  the  anthracite  is  found  in 
beds  of  less  than  500  sq  miles  in  vea  located  isi  eastern  Pennsylvania.  The 
principal  deposit  of  semibituminous  coal  is  about  300  miles  long  by  9Q  miles 
wide  and  Ues  along  the  eastern  edge  of  the  Northern  Appalachian  field.  The 
bituminous  coals  extend  from  this  deposit  westward.  A  little  graphitic  coal 
is  found  in  Khode  Island. 

Classification  of  Coals.  The  usual  classification  Is  shown  by  the  fbUoiwinc 
table: 

Classification  of  Cosls 


Kind  of  coal 

Pot  cent  of  combustible 

Bt« 
yecfooodoi 

combustibU 

Piled  carbon 

VoUtilemaUff 

Anthracite 

97.0  to  92.5 
92.51087.5 
»7.5t0  7S.o 
75-Qto6o.e 
65.0  to  50.0 
Under  SO 

3-0  to  7-S 
7.5toia.s 
xa.5to35.o 

SS0t0  40.0 

350to50.o 
Over  50 

14  000  to  14  Coo  ( 

14  700  to  15  500 

15  500  to  i5  000   - 
1480010x5300  1 
13  500  to  X4  800    ' 
ti  000  to  13  soo    1 

Semianthracite 

8eixitt>itumliioua ........ 

Bituminoxts.  Eastern 

Bituminous,  Western .... 
Lignite* 

*  Lignite  is  an  unsatisfactoiy  fuel  for  furnaces. 

Prepared  Fuels.  Under  this  head  may  be  neatioDed  pulverlaed  ooel. 
pressed  fuels,  coke  and  charcoal.  The  moat  important  of  these  is  coke.  It  is 
a  porous  product  consisting  almost  entirely  of  carbon  remaining  after  certain 
manufacturing  processes  have  distilled  off  the  hydrocarbon  gases  of'  the  fuel 
used.  It  is  produced:  (i)  From  gas-coal  distilled  in  gas-retorts;  (2)  from  gas 
or  ordinary  bituminous  coals  burned  in  special  furnaces  called  coke-ovens;  and 
(3)  from  petroleum  by  canying  the  distillation  of  the  residuum  to  a  led  heat. 
Coke  b  a  smokeless  fuel.  It  readily  absorbs  moisture  from  the  atmosphere  and 
if  not  kept  under  cover  its  moisture-content  may  be  as  much  as  20%  of  its  own 
weight.  The  heating  value  of  coke  per  pound  of  carbon  (oaaibustible)  is  about 
14  500  Btu.  Gss-house  coke  is  generally  softer  snd  more  porous  than  oven- 
ooke,  ignites  more  resdilyj  and  requires  less  draft  for  its  oombusdoa. 

Detenninaiion  ef  Heating  Value.  The  headng  value  of  any  fuel  may  be 
determined  either  by  a  calcuUtion  from  a  chemical  analysis  or  by  burning  a 
sample  in  a  calorimeter.  The  chemical  analyds  of  a  coal  consbts  in  determin- 
ing the  percentages  by  weight  of  C,  H,  O,  N,  S,  and  also  ntoisture  aad  ash. 
The  most  important  of  these  not  given  by  the  proximate  analysis  is  hydngen. 
The  following  equations,  worked  out  by  H.  Di^richs  to  fit  curves  givia  by 
L.  S.  Marks,  allow  the  computation  of  the  chemical  analysis  to  be  msde  from 
the  proximate  analysis  with  sufficient  accuracy  for  eogineering  purposes.   Let 

V  •>  the  weight  per  cent  of  voladle  matter  fat  combustible, 
H  «*  the  weight  per  cent  of  hydrogen  in  combustible, 
C  -•  the  weight  per  cent  of  volatile  eaH!>on  in  oombusdUe, 
N  -•  the  weight  per  cent  of  nitrogen  in  combusdUe. 
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Tben  the  fo&owing  equations  express  Marks'  curves: 


Thit  givos  tli0  BimooBK  not  in  moisture  for  all  American  coals,  to  an  aocu- 
racy  of  about  ^  o.a  of  i%. 

For  VOLATILE  GAKBON  (carboo  occuniog  in  the  volatile  matter),  with  an 
accuracy  of  ±  2%,  approiiniatdyt 

C  -  0.02  V*  or  C  «  0.9  (V  -  xo)  for  anthracite  and  semianthradte, 
C  -  0.9  (V  —  14)  for  bituminous  and  aemibituminous  coals, 
C  -  0.9  (V  -  18)  for  lignites. 

The  BULPHua  in  coal  dvectly  increases  the  value  of  V;  hence,  the  calculated 
value  of  C  here  will  be  too  high  practically  by  the  S  content  of  the  combustible. 
For  NmoGgN  (nitrogen  oonea  off  in  the  volatile  matter),  with  an  accuracy 
of  db  0.5  of  1%: 

N  «  0j07  V  for  anthracite  and  semianthracite, 
N  m  a.io  —  ojoi3  V  for  bituminous  and  lignite. 

The  occurrence  of  oxygen  and  sulphur  is  apparently  more  or  less  accidental 
in  character,  showing  no  uniformity,  and  Is  not  expressible  by  equations.  The 
greater  part  of  all  the  sulphur  and  some  of  the  oxygen  will  appear  in  the  prox- 
imate analysb  as  volatile,  and  will,  therefore,  be  accounted  for  as  hydrogen  and 
carbon  in  the  use  of  these  equations. 

The  DuLONG  YORMULA  for  calculating  the  heating  value  from  the  chemical 
analysis  of  coal  is: 


Btu  per  pound  -  14  540  C  + 


c:a4-?] 


+4020S 


The  ooeflidents  are  the  heating  powers  of  the  separate  chemical  dements, 
with  that  of  hydrogen,  giving  either  the  lower  or  the  higher  heating  value  accord* 
ing  to  the  coefficient  used.  The  formula  is  in  a  sense  rational,  but  owing  to 
minor  discrepancies  the  results  obtained  are  usually  from  5  to  10%  high.  This 
formula  is  also  applicable  to  gas  when  another  term  Is  added  to  provide  for 
any  carbon  monoxide  present.  But  a  simpler  method  of  computation  is  to  tak« 
the  proportional  constituents  of  the  gas  separately  with  their  calorific  values^ 
and  combine  the  results.    In  doing  this  the  following  table  will  be  useful: 

Waifht  tmi  OaledAe  Valua  of  Variova  Oases  at  39  Degraea  Fahrenheit 

aii4  Alpuapliafia  Presavrt  with  Theorotical  Amoont  of  Air 

Repaired  for  Combustion 


Gas 

Symbol 

Cubic  feet 

of  gas 
per  pound 

Btu 

Cubic  feet 

of  air 
requirtd 

Coot  of  gas 

Per 

pound 

Per  cubic 
foot 

Hydrogan 

H 

CO 

CH4 

CtH. 

C.H| 

C,H, 

i7«.o 

M.SX 

22.4 

12. 0 
12.8 

X3.79 

02  000 

4380 
23842 
22400 
21  430 
21430 

348 
342 

106s 
186s 
i6t5 

2.408 
2.388 
957 
i«.74 
14-33 
IX. 93 

Carbon  tnononda.... 
Methane 

Ethane....  ...,.,-.-- 

^tl^ylene 

Aofftylcae 
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Calorimetric  DetermlnatioiiB.  The  only  accurate  and  refiable  way  to  de- 
termine the  beating  value  of  a  fuel  is  to  do  so  eiperimentally  with  a  calofimcter. 
For  solid  fuels,  the  bomb  GAunnfETEK  is  the  most  pncticaL  The  various  tgrpes 
on  the  market  include  the  Mahler,  the  Hempel,  the  Atwater  and  the  Emcnoa. 
These  consist  essentially  of  a  ti|^t  vessel  oontaining  a  weighed  sample  and 
oxfgtn  under  pressure.  This  receptacle  is  placed  within  another  vessel  ooii- 
taining  a  known  weight  of  water  and  surrounded  by  heat-insulating  material 
to  minimise  radiation.  The  sample  is  exxiooed  electiicaUy,  and  the  htat 
absorbed  by  the  surrounding  water  is  determined  by  means  of  a  very  accufate 
thermometer  reading  himdredths  of  a  degree.  Correction  has  to  be  made  for 
the  heat  absorbed  by  the  instrument  itself,  and  for  radiation. 

The  CAKPENna  CAKHtncETEa,  using  the  principie  of  the  expa&rion  of  water 
with  heat»  works  satisfactorily  iHien  properbr  calibrated. 

The  Pakk  CALORDiETEa  uses  the  bomb-Idea,  but  instead  of  supporting  com- 
bustion by  compressed  oxygen,  a  chemical  powder  (sodhmi  peroxide)  is  mixed 
with  the  powdered  fuel.  This  instrument  is  not  as  reliable  as  the  ordinary  bomb 
calorimeter. 

The  JuNKEK  cAuoaniETEa  is  almost  always  used  for  Uqaki  and  i^seoos  fveis. 
It  consists  in  burning  the  fuel  within  an  inverted  water-jacketed  vessd  so  that 
the  heat  b  entirely  absorbed  by  water  flowing  at  a  uniform  rate  through  the 
jacket.  The  calorimeter  is  continuous,  and  by  metering  the  gas  (or  weighing. 
In  case  of  liquid  fuel),  and  measuring  the  rate  of  flow  and  temperature-change  of 
the  jacket-water,  the  amount  of  heat  given  up  by  the  fuel  is  readily  calculated. 
For  a  complete  description  of  these  calorimeters  and  their  use,  see  Carpenter  and 
Diederichs'  "Experimental  Engineering.'' 

^  Temperatnra  of  Fira.  Of  the  different  methods  devised  for  asceitainiag 
Ugh  tempetaturea^  some  of  the  most  important  are  a$  follows: 

(t)  Mareiick]  ^rometefa.  for  Tempecatorsa  up  to  x  ooo*  F»  The  boiling- 
point  of  mercury  at  atmospherk  pressure  is  676*  F.  If  some  inert  gas»  soch  as 
nitrogen  or  carbon  dbzide,  is  forced  under  pressure  into  the  upper  part  of  the 
thermometer-stem,  the  boiling-point  is  increased.  For  use  up  to  1 000"  F., 
the  pressure  should  be  about  300  lb. 

(a)  Pressuro-Pyrometon,  for  Temperatnroo  up  to  1 000*  F.  These  consist  of 
an  iron  bulb  filled  with  ether  or  hydrocarbon  vapor  and  connected  to  an  ordbaiy 
pressure-gauge.  The  increase  in  pressure  of  the  vapor  due  to  its  tttiperatura 
moves  the  dial  of  the  gauge  over  a  calibrated  temperature-scale. 

(S)  lapanslon  P^romoteia,  for  Toasporataroa  np  lo  1  foo*  F.  Two  diirimilsr 
metals^  such  as  Iron  and  bnSB»  may  be  utlUaed  to  measure  high  temperatniva 
that  do  not  overheat  them.  The  BtetaJs  must  be  ligkUy  fastened  together  at 
one  end,  and  the  other  end  free  to  expand  separately  and  move  a  pointer  through 
a  multiplying  gear.  Such  an  instrument  must  be  carefully  calibrated,  and  the 
whole  length  of  the  expansion-piece  must  be  at  a  uniform  temperatute  before 
a  correct  reading  can  be  obtained. 

(4)  Calorimetry,  for  Temporatoreo  up  to  a  000*  F.  A  given  weight  of  somo 
substance  (v),  such  as  iron,  nickel  or  fire-brick,  Is  heated  to  the  unknown  temper* 
ature  {X),  and  then  plunged  Into  a  known  weight  of  water  (IT).  From  the  riie 
in  teoqperature  </)•  of  the  water  and  the  specific  heat  of  tbe  miateria]  used  (r)» 
the  temperature  may  be  computed  from  the  formula 

X'T+Wt+ws 

rb  the  origiaal  tempenture  of  the  water.  This  method  Is,  at  biit,  only  tp* 
ptoihuatt. 
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(S»  Twijwif  w  If  fh»  Cotoc  ol  laumOmtmt  B^diw.*  ''Pouilkt  cxMduded 
tint  «U  JncMidMCcint  bodiat  have  a  definite  and  fixed  color  oom^Mniding  to 
cndi  temperatufc  Thia  tempeiatureHwale  follows^  and  mppUcs  onlj  to  bodiea 
tliAt  shine  by  faoandaacent  Ucht  and  not  from  actual  combiutioa." 


Different  Celon  of  Iron  Canaed  bj  Heat 

Degrees 

Degrees 

Color 

Cendgnide 

Pahxenhcit 

axe 

4x0 

Paleyelloir 

aai 

490 

DuU  yellow 

ajfi 

493 

Crinuon 

96x 

SOB 

tfSo 

Violet,  jmrple  and  dull  blue,  between  a6i*  and 

370*  C.  it  passes  to  bright  blue,  to  sea-green,  and 

tnen  disai^pean 

soo 

«3* 

Commences  to  be  covered  with  a  Ught  coating  of 
oiide,  loses  a  good  deal  of  its  hardness,  becooiei  a 
good  deal  OBore  impraasible  to  tlw  hammer,  and 
can  be  twisted  with  eaae 

59S 

vn 

Becomca  aaacent  red 

i          TOO 

1292 

Somber  red 

^           800 

X47a 

Nascent  cherry 

900 

x«S7 

Cberry 

XOQO 

xai3 

Bright  cherry 

X  xoo 

aoia 

Dull  orange 

X  aoo 

2  193 

Bright  orange 

1300 

2372 

White 

X4oa 

9553 

Brilliant  wnite,  welding  neat 

xsoo 
1        z«ao 

273a( 
a9M( 

Dazzling  white 

(6)  Themealeatric  Pyrunetera,  for  Temperatnrea  19  to  a  900"  F.  When  wires 
of  two  difftrent  netnb  are  joined  at  one  end  and  heated,  an  electromotive  force 
will  be  set  up  batweon  the  free  ends;  then  if  this  thermo-coupxx  is  coimected 
to  a  delicate  galvanometer  of  high  resistance  or  a  millivoltmeter,  the  deflec- 
tion of  the  needle,  after  a  careful  calibiatioo,  will  indicate  the  temperature  very 
accurately.  It  la  only  necessary  to  heat  the  ELEUEm  at  the  junction.  Pbtinum 
and  its  allqys  with  iridium  and  rhodium  have  given  the  best  itsultt. 

Mettinr-Points  of  Metale 
Machinery's  Handbook 


MetaU 

Degrees 
Fahrenheit 

MetaU 

Degrees 
Fahrenheit 

Metala 

Degrees 
Fahrenheit 

Alttmiaiun.. 

Antimony... 
Bismatb.... 

Brass 

Brottxe 

duumitun. . 

Cofaeh 

Cofper 

Gold 

xaoo 

XX50 

soo 

ITOOtoxSso 

t&is 

a  740 
Mian 
X940 
X930 

Iridium 

Iron,  cast 

Iron,  wrought 
Lead 

4x00 

2300 

2900 

690 
X9CO 

2300 

-39 
4500 
2600 

Platinum*. 

Silver 

Steel 

Tin 

Titanium  . 
Tungsten., 
Vanadium. 
Zino 

3200 

1740 

2S00 

446 

33flo 

5400 

aaoo 

78$ 

Magnesium... 

Me«««y 

MolybdMittm. 
Nickel 

P  Carpenter's  HaatJm;  and  Ventllatiag* 
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(y)  ICdtiiif-Poiats  of  lC«laIs  whkh  flow  at  various  tempemtuics  up  to  tbe 
mditiiig-point  ol  tungsten*  5  400**  F.  A  series  of  meUls  having  mdting-iMiiata 
di£fering  by  zoo  or  200%  say,  are  introduced  into  the  furnace;  and  the  temper- 
ature can  thereby  be  fixed  between  the  melting-points  of  two  of  them.  Thia 
method  is,  therefore,  only  aH>roziniate.    A  table  of  melting-points  fottows. 

(8)  Rsdiatifln-Pyrometers,  for  Temperatures  up  to  3  600*  F.  The  heat-rays 
given  out  by  the  hot  body  fall  on  a  concave  mirror  and  are  brought  to  a  focus 
upon  the  junction  of  a  thermo-couple.  The  temperature  readings  are  ob> 
tained  from  an  indicator  similar  to  that  used  with  thermoelectric  psrrometeis. 

(9)  Optical  Pyrameters,  for  Temperetnree  up  to  la  600*  F.,  but  ordinarily  used 
in  boiler-practice  from  x  600  to  3  600**  F.  The  principle  on  which  the  Wanner 
instrument  is  constructed  is  that  of  comparing  the  quantity  of  light  emanating 
from  the  heated  body  with  a  constant  source  of  li^t,  in  this  case  a  two-volt 
osmium  lamp.  The  lamp  b  placed  at  one  end  of  an  optical  tube,  while  at  the 
other  an  eye-piece  is  provided  with  a  scale.  A  battery  of  cells  furnishes  the  cur- 
rent for  the  lamp.  On  looking  through  the  pyrometer,  a  drde  of  red  Ught  ap- 
pears, divided  into  distinct  halves  of  different  intensities.  Adjustment  may  be 
made  so  that  the  two  halves  appear  alike  and  a  reading  is  then  taken  from  the 
scale.  The  temperatures  are  obtained  from  a  table  of  temperatures  carrespood- 
ing  to  scale-readings.  For  standardizing  the  "m«wi«"  lamp,  an  amylaoetate 
lamp  is  provided,  with  a  stand  for  holding  the  optical  tube. 

(10)  Determhiatioii  of  Temperature  from  Character  of  Bmltted  Light.  As  a 
further  means  of  determining  approximately  the  temperature  of  a  furnace,  the 
following  table  may  be  of  service.  The  color  at  a  given  temperature  is  approxi- 
mately the  same  for  all  kinds  of  combustibles  under  similar  conditions. 


Ctatiacttr  of  Emitted  Ught  and  Cocreepoiiding  Approximate  Temperatara* 


Character  of  endUed  Ught 


Dark  red.  blood-nd,  low  red 

Dark  cherry-red 

Cherry,  full  red 

Light  cherry,  bright  cherry,  light  red 

Onmge 

Light  orange 

Ydlow 

Light  yellow 

White 


Temperature, 

decreet 

Fahrenheit 

1090 

X175 

I  375 

XSSO 

Z650 

i7as 

iSas 

1975 

aaoo 

Propertief  of  Water.  Pure  water  is  a  chemical  compound  of  one  volume 
of  oxygen  and  two  volumes  of  hydrogen.  In  its  natural  state  it  is  never  found 
absolutely  pure,  as  it  has  a  greater  range  of  solvent  power  than  any  other  liquid. 
For  all  pnictiad  purposes  it  is  non-compressible,  the  coefficient  of  compressi- 
bility ranging  from  0.000040  to  0.000051  per  atmosphere  at  ordinary  tern- 
pentures.  The  weight  of  water  depends  upon  its  temperature,  and  varies  as 
shown  by  the  following  table.  Maximum  density  is  reached  at  about 
39.2'F. 

•  McwB.  White  and  Taylor.  T^ana.  Am.  Soc.  MX.,  VoL  XXI,  1900^ 
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Temperature. 

Density, 

Temperature  • 

Density* 

Fahrenheit 

lb  per  cu  ft 

Fahrenheit 

lb  per  cu  ft 

3a 

63.4a 

xao 

61. s6 

45 

63.43 

135 

61.47 

SO 

63.41 

140 

6X.37 

55 

63.39 

145 

6X.36 

tio 

63.37 

ISO 

61.  x8 

«5 

63.34 

X55 

6X.08 

70 

63.31 

x6o 

60.96 

75 

63.38 

165 

60.87 

86 

63.33     i 

170 

60.77 

85 

63.18 

175 

60.66 

90 

63.13 

x8o 

60.SS 

95 

63.06 

185 

60.44 

100 

63.0a 

190 

60.33 

XOS 

6X.96 

195 

60.30 

XIO 

61.89 

300 

60.07 

115 

61.83 

305 

59-95 

MO 

6x74 

310 

59.83 

las 

6X.6S 

3X3 

5976 

For  water  at  satoration-preamire,  Marks  and  Davis  give  the  following,  which 
diecks  veiy  ckMely  with  figures  given  by  ThuiBton: 

Wdght  of  Water  at  Satnratioii-Preesiire 


Temperattire. 

Pressttie, 

Density. 

Fahrenheit 

lb 

lb  per  cu  ft 

330 

X7.19 

59.63 

330 

30.77 

59.37 

340 

34.97 

S9.XX 

350 

39.83 

58.83 

a6o 

35.4a 

58.55 

aro 

4X.8S 

58.36 

a8o 

49.18 

57.96 

390 

57.55 

57.65 

300 

67.00 

57.38 

3x0 

77.67 

57.00 

330 

89.63 

56.66 

330 

109.0 

56.30 

350 

135.0 

55.57 

400 

347.0 

53.5 

Water  has  a  greater  sped&c  heat  or  heat-absorbing  capacity  than  almost  all 
other  known  substances.  Its  specific  heat  is  the  basis  for  measurement  of  the 
capacity  of  heat-absorption  of  all  other  s\ibstances.  By  definition,  the  specitic 
HEAT  or  WATER  is  the  number  of  Btu  required  to  raise  the  temperature  of  x  lb 
of  water  i  degree.  For  all  practical  purposes  this  may  be  considered  unity, 
although  there  is  a  slight  variation  witli  the  temperature.  The  specific  heat  of 
ice  at  3a"  F.  is  0463. 
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Pressure, 
ahnolate 

Temper- 

Specific 

Heat  of 

Latent  heat 

ToUlheat 

ature, 

volume. 

the  Uquid. 

of  evap., 

of  steam. 

Fahrenheit 

cu  ft  per  lb 

Btu 

Btu 

Btu 

5 

x6a.38 

73.33 

130.1 

X 000.3 

1x30.5 

8 

x8a.86 

47.27 

150.8 

988.2 

1  X39.0 

10 

19322 

38.38 

161. 1 

982.0 

1 143. 1 

XX 

197-75 

35-XO 

165.7 

9792 

1144.9 

12 

20X.96 

32.36 

1699 

976.6 

1x46.5 

13 

20s. 87 

30.03 

173.8 

974.2 

1 148.0 

X4 

209.SS 

28.02 

1775 

971.9 

IM9-4 

147 

2x2.0 

26.80 

180.0 

9704 

IXS0.4 

IS 

2x3.0 

26.27 

'     I8I.O 

969.7 

I  150,7 

x6 

216.3 

24.79 

184.4 

967.6 

I  X52.0 

X7 

2x9.4 

23.38 

I87.S 

965.6 

I1S3.X 

l8 

222.4 

22.  x6 

190.5 

9637 

I  IS4.2 

19 

225.2 

21.07 

193  4 

961.8 

I1S5.2 

20 

228.0 

20.08 

196. 1 

960.0 

I  X56.3 

25 

240.x 

x6.3D 

208.4 

952.0 

1 160.4 

3P 

2S0.3 

1374 

2x8.8 

945.x 

1x613.9 

35 

2593 

ix.89 

227.9 

938.9 

I  166.8 

40 

267.3 

10.49 

236.1 

933.3 

1169.4 

45 

274.5 

939 

2434 

928.2 

I171.6 

50 

281.0 

8.SI 

2SO.I 

923.S 

1173.6 

55 

287.1 

7.78 

2S6.3 

919.0 

1 1W.4 

60 

292.7 

7.17 

26a.i 

9149 

1x77-0 

65 

298.0 

6.65 

267.5 

9X1.0 

1178.5 

70 

302.9 

6.20 

272.6 

907.2 

1179-8 

75 

307.6 

5.81 

277.4 

9037 

1x81.1 

80 

312.0 

5.47 

28t.O 

900.3 

1183.3 

85 

316.3 

5.16 

386.3 

«97.t 

1 183.4 

90 

320.3 

4.89 

290$ 

«9J.9 

XX84.4 

95 

324.1 

4.6S 

294.5 

890.9 

X  185.4 

100 

327.8 

4.429 

298.3 

888.0 

1x86.3 

XIO 

334.8 

4.047 

30S.5 

882.S 

X  X88.0 

lao 

341  3 

3726 

312.3 

877.2 

1x89.6 

130 

347.4 

3452 

318.6 

872.3 

X  191.0 

X40 

3531 

3219 

324.6 

867.6 

1X92.2 

ISO 

3S8.S 

3.0x2 

330.2 

863.2 

1193-4 

x6o 

363.6 

2.834 

335.6 

858.8 

1194.5 

X70 

368.5 

t.675 

340.7 

8547 

1195.4 

x8o 

373.1 

t.533 

345.6 

8SO.8 

1196.4 

190 

377.6 

2.406 

350.4 

846.9 

1197.3 

200 

381.9 

2.290 

354.9 

843.2 

XI9B.I 

Prop«rti6B  of  Steam.  Water  boils  or  vaporizes  at  a  tempeatture  dcpendioK 
on  the  pressuro  upon  its  surface.  The  thermal-  units  necessaiy  to  beat  the 
water  from  32**  F.  to  the  temperature  of  ebullition  is  termed  the  heat  of  ihe 
LIQUID  and  is  approximately  x  Btu  per  degree.  The  marked  characteristics  of 
vaporisation  are:  (i)  The  very  great  increase  of  volume  at  constant  tempaa- 
ture  and  pressure;  (2)  the  change  of  the  physical  state  of  the  material  frooi 
Uquid  to  vapor;  and  (3)  the  enormous  Quantity  of  heat  absorbed.  The  heat 
absorbed  dtdng  the  process  of  vaporization  is  tenned  LATEirr  heat.  Wbcn 
steam  is  condensed,  the  same  quantity  of  heat  that  was  received,  from  what- 
ever source,  is  again  given  off  to  any  substance  within  its  IntucDoe  as  aSr, 
-^ter,  iron  pipes,  etc.,  colder  than  itself;  and  it  is  Uiis  property,  togetlwr  wfth 
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Its  great  power  of  absorbing  and  retaining  heat,  that  makes  water  and  its  vapor 
such  a  valuable  medium  for  conveying  heat  from  the  furnace  to  the  rooms  to 
be  warmad. 

Saturated  Steam  Is  the  steam  existing  at  tlfe  temperatttre  and  pressure  of  Its 
vaporization. 

Dry  Saturated  Steam  is  steam  free  from  fiquid  in  suspension.  If  the  steam 
carries  particles  of  water  it  is  said  to  be  wet,  and  the  percentage  of  dEjmess  is 
tenned  tlie  QtrAiiiy  of  the  steam. 

Superheated  Steam  is  steam  heated  above  the  temperature  normal  to  Its 
pressure  as  saturated  steam.  The  heat  op  supeeheat  may  be  found  by  multi- 
plying the  degree  of  superheat  of  the  steam  by  Its  specific  heat,  approximately 
O.S- 

Maiks  and  Davis'  Steam-Tablet  and  Diogrami  are  geneiaHy  accepted  stand- 
ards.    (See  table,  page  xdo6.) 

Factor  of  Bvaporatioa  equals  total  heat  per  pound  above  feed-water  temper- 
ature divided  by  970.4,  and  expresses  the  number  of  pounds  of  steam  that 
could  have  been  niade  raoK  amp  ai  sis"  F.  with  the  expenditure  of  an  equal 
amount  of  heat. 

BoDiraleiit  Svaperatien  equals  actual  evaporation  timeft  factor  of  evapora- 
tion. This  serves  as  a  basis  for  comparison  of  tests  under  diffetent  conditions 
of  pressure  and  feed-water  tempemture.  Each  degree  of  difference  in  temper- 
ature of  feed-water  makes  a  difference  of  ox)Ox04  b  the  amount  of  evaporatioQ. 

Air.  Pure  air  is  a  mixture  of  oxygen  and  nitrogen  in  the  proportion  of 
ao.9%  oxygen  and  79.1%  nitrogen  by  volume  or  23%  oxygen  and  77%  nitfo- 
gen  by  weight.  Air  In'  nature  always  contains  other  constituents  in  vaiying 
amounts,  such  as  dust,  carbon  dioxide,  ozone  and  water-vapor.  The  COi- 
oontent  in  the  open  varies  from  4  to  6  parts  in  xo  000  by  volume,  and  the 
moisture  varies  from  a  veiy  small  amount  to  as  high  as  4%  by  weight.  These 
ingredients  spread  out  nearly  uniformly  in  the  atmosphere  by  the  law  of  diflu- 
aion  of  gases,  a  property  that  gases  have  of  mixing  and  diluting  so  as  to  prevent 
gases  of  different  specific  gravities  from  stratifying  for  any  considerable  time. 
This  property  is  of  the  utmost  importance  to  air;  for  if  any  inert  or  poisonous 
gas  were  to  remain  separated  m  the  atmosphere,  any  one  breathing  it  would  be 
killed.  COs  is  not  poisonous,  but  if  present  in  laige  proportions  a  person  might 
die  from  suffocation.  It  is  regarded  as  an  index  of  the  quality  of  Uie  air,  and 
the  amount  present  Indicates  the  character  of  ventilatfon.  It  should  not  exceed 
from  8  to  10  parts  in  xo  000  for  good  ventiUtion.  There  are  various  devices  In 
use  for  the  determiiuttion  of  COi  In  air,  but  the  most  common  consists  of  a 
burette  containing  a  saturated  solution  of  caustic  potash  <KOH)  Into  which 
a  measured  amount  of  air  is  passed.  The  KOH  absorbs  the  COi,  and  die 
amount  is  read  directly  on  a  graduated  scale.  The  degree  of  moisture  in  the 
air  has  an  important  influence  on  ventilation.  If  the  air  b  saturated  no  evap- 
oration can  take  place  from  the  body,  but  if  the  air  is  very  dry,  very  rapid 
evaporation  will  take  place.  A  mean  condition  is  required  for  ventilating 
purposes*  so  that  air  ^uld  be  from  50  to  70%  saturated  In  order  to  feel 
pleasant.  The  percentage  of  satXiration  Is  termed  bslative  buuidity,  while  the 
actual  weight  of  moisture  in  a  given  space  (usually  I  cu  f t)  Is  called  the  abso- 
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The  appantuft  gepetally  used  for  humidity-deteniiiiiatioiis  consists  merely 
of  two  thermometers  mouated  side  by  side  so  as  to  be  swung  from  a  handle. 
One  of  the  bulbs  is  o>vered  with  a  piece  of  moistened  cloth  to  keep  the  atmos- 
phere around  it  saturated,  and  the  other  bulb  is  exposed  to  normal  conditions. 
The  thermometers  will  read  differently  by  an  amount  depending  upon  the 
humidity,  as  shown  by  the  following  table  condensed  from  the  P^chiometric 
Tables  of  the  Department  of  Agriculture: 


Reiatire  Humidity,  Per  Cent,  for  Barametw 

|o  Indies 

Air. 

temper- 

Depression  of  weUbulb  thermometer,  degrees 

dry 

bttlb. 

I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 

IS 

x6 

17 

x8 

19 

20 

degF. 

3i 

35 
40 

89 
91 
9» 
93 
93 
94 

79 
8x 
83 
86 
87 
88 

69 
72 
75 
78 
80 
82 

59 
63 
68 
71 
74 
76 

49 
54 
60 
64 
67 
70 

39 
45 
52 

57 
6x 
65 

30 
36 
45 
5X 
55 
59 

20 
27 
37 
44 

XI 

19 
29 

18 

2 

10 

22 
31 
38 
43 

2 
15 
25 
32 
38 

7 
x8 
27 
33 

0 
12 

21 
28 

4S 

6 
16 
23 

SO 
55 

49  43 
54  49 

10 
19 

5 

14 

0 
9 

5 

0 

60 

94 

«9 

83 

78 

73 

68 

63 

58  53 

48 

43 

39 

34 

30 

26,  21 

X7 

13 

9 

5 

65 

95 

90 

85 

80 

75 

.70 

66 

61  56 

52 

48 

44 

39 

35 

3I|  27 

24 

20 

x6 

12 

70 

95 

90 

86 

81 

77 

72 

68 

«4  59 

55 

51 

48 

44 

40 

36 

33 

29 

25 

22 

19 

75 

96 

9X 

86 

82 

78 

74 

70 

661  62 

58 

54 

51 

47 

44 

40 

37 

34 

30 

27 

24 

80 

96 

91 

87 

«3 

79 

75 

72 

68  64 

6x 

5^ 

54 

50 

47 

44 

41 

38 

.IS 

32 

29 

'    90 

96 

92 

89 

85 

8x 

78 

74 

71  68 

65 

61 

58 

55 

52 

49 

47 

44 

41 

39 

36 

100 

96 

93 

«9 

86 

83 

80 

77 

73 

70 

68 

65 

62 

59 

56 

54 

5X 

49 

46 

44 

41 

2X0 

97 

93 

90 

87 

84 

8x 

78 

75 

73 

70 

67 

65 

62 

60 

571  55 

52 

50 

48 

46 

UO 

Jl 

94 

91 

88 

85 

82 

80 

77 

74 

72 

69 

67 

65 

62 

6oj  58 

55 

53 

51 

49 

2X 

22 

23 

24 

25 

26 

»7 

28 

29 

30 

3X 

32 

33 

34 

35 

36 

37 

38 

39 

40 

6o 

X 

9 
X5 

21 
26 

34 
39 

- 

i 

'"""" 

6s 

5 

12 

18 
23 
3X 
37 

2 
9 

35 

70 

6 

12 

x8 
a6 
33 

3 
9 
IS 
M 

30 

75 

7 
28 

4 
xo 
19 
26 

I 
7 
17 
24 

80 

5 
15 
22 

3 
13 

2X 

0 

XX 

19 

90 

100 

.? 

7 
15 

5 
13 

3 

12 

10 

8 

7 

5 

4 

no 

44 

42 

40 

38 

36 

34 

32 

30 

28 

26 

25 

n 

21 

20 

x8 

17 

IS 

X4 

12 

II 

lao 

47 

45 

43 

41 

40 

38 

36 

34 

33 

31 

29 

^ 

26 

25 

23 

22 

21 

19 

18 

17 

The  specific  heat  of  9k  for  ordinary  temperatures,  as  determined  by  R^gnault, 
is  0.2374.  llence  one  Btu  will  raise  the  temperature  of  4.2  lb  of  diy  air 
(56  cu  ft  at  70**  F.)  I*  F.  As  air  for  ventilation  contains  more  or  less  moisture, 
which  must  also  be  wanned,  55  cu  ft  at  70*  F.,  or  50  cu  ft  at  32'  F.,  is  gener- 
ally consideied  the  equivalent  of  i  lb  of  water  in  heating.  Furthermore,  since 
X  lb  of  steam  at  atmospheric  pressure  condensed  to  water  gives  off  about  970 
Bto.  It  wjU  warm  appnudmatdy  50  000  cu  ft  of  air  x*  F. 
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.  «f  SolUs  at  Orttwiy  T< 
BritUi  BMTd  of  TtMk,  lioa  Ckfk 


For 
i*F. 


x??. 


Coef. 


3»*to 
axa*  P. 


Aluminium  (cast) j.. 

Antimony  (crytt.). 

Brass,  cast 

Brass,  plate 

Brick 

Bronse  (Cu,  17;  So. aH;  Zn,i)'... 

Bismuth 

Cement.  Portland  (mixed),  pure. . . 
0>ncrete:     cement,   mortar  and 

pebblM 

Copper 

Ebonite 

Glass.  BnsUsh  flint 

Glass,  thermometer 

Glass,  hard 

Granite,  gray,  dry , 

Granite,  rad,  dry 

Gold,  pure 

Iridium,  pure 

Iron,  wrought 

Iron,  cast 


Magnesium 

Marbles,  various  {  ^'•" 

Maaonry.brick    {£*°^    •; 
Mercury  (cubic  expansion) . 

Nickel rr: 

Pewter 

Pkster.  white 

Platinum . 


00000^97 
0000Q438 

0.00000498 
0.00C00786 
0.00000056 
0.0000064S 

0.00000556 
0.0000x571 


Platinum.  85% ) 

Iridium.  15%    J 

Porcelain 

Quarts,  parallel  to  maior  axis,  t  o* 

to40*C 

Quarts,   nerpendictUar  to   major 

axis,  <  o^  to  40"  C 

Silver,  pure 

Slate.. 

Steel,  cast 

Steel,  tempered 

Stone  CKUidstone).  dry 

Stone  (sandstone),  RauviUe 

Tin, 


WedflBWoodi 

Wood,  pine. . 
Zinc. 


0.00000434 

0.00000788 
0.00001079 
0.00000577 
0.00000636 
0.00000689 
0.0000065s 
0.00000417 
0.0000x163 
o. 


Zinc.  8 ) 
.1  I* 


Tin,! 


0.0000x407 
0.0000x496 


0.00000554 
0.000014x5 
0.00000460 
0.00000890 

0.00017971 
0.0000x351 

0.00002Q33 
0.00001660 
0.00000863 
0.00000815 

0.000003(00 

o.Qooao^d 

0.000014x9 
0.0000x943 

O.OOOOXGC^ 

0.0000x144 
0.00001240 
0.0000x174 

O.OOQ00750 
o. 

o.< 

0. 

0.00002532 

0. 


0.00222X 
0.00X129 
0.001722 
0.001894 
0.000550 
0.00x774 
0.00175s 
0.00X070 

0.00X430 
0.001596 
0.007700 

o.ooo8xa 

0.000B97 

0.0007X4 
0.000789 

0.000697 
O.OOI4I5 
0.000641 

o.  001x66 
o.ooioox 


o. 000554 
0.00x415 
0.000460 
0.000690 
0.0X7971 
0.00125X 
0.009033 

0.00x660 
0.000863 

O.0006K5 

O.OOQI360 

0.000781 
0.0014X9 

0.001943 
0.001038 
0.001x44 
0.00x240 
0.001 174 
0.000750 

0.002094 

O.000B8I 
0.000496 

0^004533 

0.002692 


Cubical  expansion,  or  rrpansion  of  vohuae  ■  linear  qpaaiiott  X3» 
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Syttoas  of  Heatiag 

The  varioos  systems  empipyed  for  the  wanning  of  bmkfings,  aside  from  titt 
use  of  stoves  and  fireplaces,  may  be  classified  as  foUowsr 

(NaturaUlraft,  orgravity-systeiii 

^^ (Foroed-dFaft»  or  fan-system 

^Gmvity,  or  low-pressore  systems 
(i>  Oifect  radiatkm 
(a)  Dtrect'iiuUrea  radtation 
is)  Indirect  Kadiatini 
Vacuum-systems 

Steam-heatng \     (i)  Paul  system 

(2)  Webster  system 
High-pressure  systems 
(i)  Gravity-drcalatlon    ivitk    return-trap    or 

punq) 
(2)  Fan,  or  forced-blast  qrstem 

(Open  system 
Direct  or  indirea 
Closed  system  « 

Direct  or  indirect 

These  systems  are  briefly  described  in  the  foIIowiBg  pages  and  suffident  data 
given  to  enable  an  architect  to  specify  or  design,  in  a  general  way,  an  ordinary 
faeating-i^nt  The  fimits  of  the  book  preclude  (he  going  into  many  of  the  minor 
details,  wWch  are  utnally  left  to  the  judgment  of  the  contractor,  or  to  a  discus- 
flion  of  the  Ugh-prenote  systems,  which  are  generally  employed  only  for  very 
large  buildings  or  for  power-plants,  and  for  wUch  the  plant  should  be  designed 
by  an  eapert.  For  further  information  oa  this  subject  the  reader  is  referred 
to  Heating  and  Ventilating  Bmildings,  by  R.  C.  Carpenter. 

Gravity  Syateoui  of  Steam-Heating 

A  Steam-heatiag  Plant  may  be  divided  Into  tidee  diatiact  parts:  (i)  The 
boOer,  or  steam-generator;  (2)  the  radiators;  and  (3)  the  supply  and  retum- 
pipea  connecting  the  two. 

Radkilori.  Radiators  are  generally  made  of  Iraa,  and  may  be  of  angr  shape 
that  will  allow  of  a  good  drculatloB  of  steam  throogh  them,  and  alao  innnit  the 
air  to  diculate  freely  about  the  outside.  It  is  also  deniable  that  the  thkhnaa 
of  the  aMtal  shall  be  only  enough  to  give  sufficient  atiength. 

CkiMs  ef  Kadfaitort.  Radiators  are  divided  into  three  classes,  those  afford- 
ing! (x)  Direct  radiation;  (2)  direct-indirect  radiation;  (3)  indirect  radbticn. 

Direct-mdiating  Snxfacea  embrace  all  heaters  placed  within  a  room  or  hall 
to  warm  the  air  already  in  the  room. 

ladirect-tadiating  Svtfacea  embrace  heating-aurf aces  placed  ovtside  the  rooma 
to  be  heated,  and  should  only  be  used  in  connection  with  KMae  system  of  van* 
tilatioo. 

Difect-faidirect  Radiation  is  a  mean  bcTwecn  the  ether  two  mrthoda.  The 
radiatoia  aie  placed  in  the  rooms  to  be  heated,  as  in.  the  first  method,  and  a 
supply  of  fresh  air  brought  to  them  through  openings  in  the  outside  wall  of  the 
room  or  through  a  space  under  the  lower  saah  of  a  window. 
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Efficiency  of  Radiators.  The  condensation  of  one  pound  of  steam  at  atmos- 
pheiic  pressure  to  water  at  aia**  F.  ^ves  out  970  thermal  units.  Hence,  to 
determine  the  amount  of  heat  given  out  by  any  radiator  in  a  given  time,  it  is 
only  necessary  to  determine  the  amount  of  water  in  pounds  which  the  radiator 
condenses  in  the  same  time  and  multiply  it  by  970.  The  radiator  which,  under 
the  same  conditions  of  steam-pressure,  volume  and  temperature  of  surroundins 
air,  will  condense  the  most  water  in  a  given  time  is  the  most  efficient. 

Heatorement  of  Radiators.  Radiators  are  rated,  or  measured,  not  ac- 
cording to  their  size,  but  according  to  the  amount  of  heating-surface  oomins 
in  contact  with  the  air.  The  size  of  radiator  for  a  given  amount  of  heating- 
surface  will  depend  en- 
tirely upon  the  form  or 
shape  of  the  radiator. 

Heating  by  Direct 
Radiation.  Direct  ra- 
diation being  much  more 
economical  than  indirect 
radiation,  it  will  always 
be  much  more  commonly 
used  for  steam  or  hot- 
water  heating;  and  in 
buildings  not  requiring 
a  great  amount  of  ven- 
tilation it  offers  a  nearly 
fterfect  mode  of  heating. 

Description  of  Pipe- 
Coils.  The  cheapest 
direct  radiator  is  one 
formed  of  wrought-lroo 
pipes,  i-in  pipes  being 
generally  preferred, 
placed  against  a  wall 
one  above  the  other  and 
connected  with  return- 
bends  or  branch-tees  and 
elbows,  to  afford  a  drculation.  The  length  of  pipe  required  to  make  up  a  given 
amount  of  heating-surface  can  easily  be  determined  by  the  use  of  the  tables  on 
pages  ia74-6.  For  rooms  in  which  it  is  desirable  that  the  heating-apparatus  shall 
present  a  neat  appearance  and  occupy  as  little  space  as  possible  some  f  oon  of  up- 
right radiator  b  generally  employed.  Fig.  I  shows  pipe-coils  made  up  of  piping 
and  manifolds.  The  piping  must  turn  an  angle  to  allow  for  the  imequal  expan- 
sion of  the  top  and  bottom  pipes.  Pipe-radiators  are  formed  of  a  number  of 
short  upright  x-in  tubes  from  2  ft  8  in  to  2  ft  10  in  long,  screwed  into  a  hollow  cast- 
iron  base  or  box,  and  are  either  connected  in  pairs  by  return-bends  at  their 
upper  ends  or  else  each  tube  stands  singly,  with  its  upper  end  closed,  and  having 
a  hoop-iron  partitbn  extending  up  inside  it  from  the  bottom  almost  to  the  top. 
The  radiators  are  also  made  circular  hi  form,  either  in  one  piece,  or  in  halves  for 
encircling  iron  colunms.  The  table  following  shows  the  dimensions  of  i-in 
pipe-radiators  for  different  heating-surfaces. 

Cast-Iron  Direct  Radiators.  Until  quite  recently  direct  radiators  were 
made  almost  exclusively  of  cast  iron.  Since  about  1905  considerable  im- 
provement has  been  made  in  the  design  and  quality  of  cast-iron  radiators,  so 


Fig.  ].•    Pipe«coi]8 
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that  the  newer  pfttterns  have  very  largely  superseded  those  made  previous  to 
that  date. 

The  principal  manufacturers  of  radiators  are  the  American  Radiator  Com- 
pany, Pierce,  Butler  &  Pierce,  Fowler  &  Wolfe  Manufacturing  Company,  and 
the  H.  B.  Smith  Company,  all  of  whom  make  several  complete  lines.  There 
are  also  a  number  ol  smaller  companies  who  make  two  or  three  styles. 

Table  of  Vertical  Pipe-Radiatort 


No.  of 
rows  and 
width  of 

base 

Tubes 

in  each 

row 

Surface 

in 
sqft* 

Length, 
ft    in 

No.  of 
rows  and 
width  of 

base 

Tubes 

in  each 

row 

Burface 

in 
sqff 

Length, 
ft   in 

1 

1 

Slnde 

width  of 
faMe. 
.       4mA 

- 

r4 

6 
8 
xo 
la 
x6 
ao 

34 

a8 
3a 

L38 

4 
6 
8 
xo 
la 
x6 
ao 

34 

a8 
3a 
38 

0  loH 

1  aH 
1     6M 

1  zoH 
a     9H 

2  loH 

3  6H 

4  2H 

4  loH 

5  6H 

6  6M 

TworowSf 

width  of 

base. 

6Min 

'8 
xo 
xa 
X4 
x8 
18 
ao 

SI 

36 

33 
.38 

x( 
so 

34 

38 

33 

40 
48 
56 
64 
76 

X     6M 

X  xoH 
a  aH 
a     6M 

a  xoH 
3     aH 

3  6H 

4  aH 

4  toH 

5  6H 

6  6V4 

Three 
rowst 
width  of 
base. 
8Hin 

• 

xa 
16 
» 
24 
a8 
3a 
138 

34 

36 
48 
60 
73 
84 
96 
114 

I     6M 
a     aM 
a    10^4 

3  6>4 

4  2M 

4  loH. 

5  6H 

6  6H 

Poor 
rows, 
width  of 
base. 
10  in 

« 

'  4 
8 
xa 
x6 
ao 
34 
a8 
.33 

16 
33 
48 
64 
80 

96 

zxa 

X38 

0  xoH 
X  8H 
a  3H 
3    xoH 

3  6H 

4  3H 

4  xoH 

5  6H 

'  For  rsdiatocs  35  b  high. 


Name  of  radiator 

Width 

at 

base 

Length 

per 
section 

Height  of  radiator  in  inches 

45 

38 

33 

a6 

33 

aa 

3 

4 

30 

iH 

a 

S 

X8 

16 

X5 

14 

13 

Rococo.  I  oolttmn 

Rococo.  3  columns 

;   Rococo.  3  columns 

Rococo,  4  ootumns 

1    Rococo,  window 

1   PeerlcM.  X  column 

Peerless,  a  columns 

Peerless.  3  columns 

Peerless.  4  columns 

Peerless,  hospital 

Italian  flue               •  •  • 

SH 
8f1« 
9U 

xxH 
xaW 
S?* 
8H 
9W 
ixH 
8K 
84 

m 

xaW 

aM 
aH 
aH 

aH 

2H 

aH 

2H 

5 

6 

10 

5 

6 
to 
S 

aH 
3H 
4H 

aii 
3H 

4^ 

6H 
3^S 
c4i 

2 

aH 
3?4 
5 

a 

2«i 

3?4 

5 

2?6 
4Vi 
2W 

iH 

2K 
2V* 

2M 

3 

394 

3 

..  a 
3... 

4  ... 

2H 

3 

xH 

3H 

a 

6 

Verona          

r 

>Etna  fl«ie 

sH 

4H 

4 

3H 
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Fig.  2.    Rococo  Three<olumn  Radiator  Fig.  3.    Peerless  Thrte-cohinui  Radiator 


Fig.  4.     Verona  Radiator 
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The  radiators  made  by  the  Americaa  Radiator  Compaoy,  however,  are  prob- 
ably more  extensively  used  than  those  of  any  other  make,  and  it  is  for  this 
reason  that  they  have  been  selected  for  illustration.  Nearly  all  of  the  patterns 
made  by  this  company  are  very  closely  duplicated  by  the  companies  above  named, 


Fig.  6.    Three  Sectioiis  of  Colonial  Wall-radiator 

the  variation  being  principally  in  the  ornamentation.  Figs.  2,  3  and  4  illus- 
trate three  of  the  most  popular  styles  of  radiators  tnade  by  this  company, 
although  a  large  variety  of  ra<Uators  in  one-column,  two-column,  three-column 
and  four-column  and  in  extended  single-column  and  flue-construction  are  also 


Fig.  6.     Presto  Pressed  Metal  Radiator 

made  by  them.  Fig.  5  shows  three  sections  of  the  Colonial  wall-radiator  made 
by  this  company,  which  is  very  convenient  for  use  in  halls  and  bath-rooms,  as 
it  projects  only  from  sH  to  4H  in  from  the  wall.  Comer,  circular,  curved, 
and  column-radiators;  dining-room,  window,  stairway,  box-base,  and   direct- 
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Indirect  radiators;  such  auxiliaries  as  brackets,  pedestals,  tops,  dampers,  and 
wall-boxes;  special  radiator-sections  with  high,  low,  or  single  legs  are  also  made 
by  the  American  Radiator  Company,  and  by  all  of  the  other  companies  above 
mentioned. 

To  find  the  number  of  sections  required,  divide  the  required  heating-surface  in 
feet  by  the  values  given  in  table  on  page  12 13.  To  find  the  length  of  the  radi- 
ator, multiply  the  number  of  sections  by  the  length  per  section  and  add  i  in  for 
two  bushings.  Radiators  are  generally  put  together  at  the  factory  as  ordered. 
The  standard  height,  except  for  window-radiators,  is  38  in.  Heists  less  than 
38  in  cost  a  little  more  per  square  foot. 

Pressed  Metal  Radiators.*  The  Presto  radiators  (Fig.  6)  are  manufac- 
tured and  sold  under  the  trade  name  of  Presto  Pressed  Metal  Radiators.     The 

essential  advantages  claimed  for 

them  are  efficiency  and  uniformity 
in  heating,  lightness  in  weight  (2^2 
lb  per  sq  ft  as  against  7  lb  for 
cast  iron),  a  uniform  standardized 
method  of  rating,  by  the  use  of 
the  decimal  system,  and  guaran- 
teed actual  surface-measurements; 
rapid  heating  and  quick  cooling, 
large  air-spaces  between  sectioas. 
smooth  surfaces  inside  and  out- 
side, occupying  from  one-fourth 
to  one-third  less  space  than  that 
of  cast  iron.  It  is  also  claimed 
that  they  are  unbreakable  and 
they  are  guaranteed  to  be  leak- 
proof  and  rust-proof,  being  made 
of  99.672%  pure  iron.  Owing  to 
their  light  weight  all  sizes  and 
models  of  the  Presto  pressed  metal 
radiators  may  be  hung  on  the  walls 
j  clear   o(    the   floors  by   suitable 

brackets,  thus  making,  with  their 

nnooth  outside  surfaces,  a  ihuch 

more    convenient    and    sanitary 

arrangement.    They  are  made  in 

one  column,    from   14   to  33  in 

Fig.  7.    Italian  Flue  Box  Base  Direct-indirect    high,  with  a    i  ^i-in    spacing  be^ 

^^*****^°'  tween  the  sections;  in  two,  three 

and  four  columns,  from  14  to  3& 

in  high,  with  a  2-in  spacing  between  the  sections;  and  in  addition  to  being 

furnished  with  brackets  mentioned,  they  are  also  furnished  with  detachable 

legs,  in  three  hdghu  of  4,  5  and  6  in. 

Direct-Indirect  Radiation 

Heating  by  Direct-indirect  Radiation.  The  only  difference  between  this 
method  of  heating  and  the  direct  method  is  that  external  air  is  introduced  into 
the  room  in  such  a  way  that  it  shall  come;  in  contact  with  the  radiator  and, 
*»«coming  heated,  circukite  through  the  room,  and  unless  other  means  ax«  pro- 

•  Manufactured  by  the  Pressed  Metal  Radiator  Company,  Pittsburgh,  Pa. 
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vided  pass  out  through  the  cracks  around  the  doors  and  windows.  By  »>i8f 
arrangement  sufficient  ventila- 
tion is  afforded  for  living-rooms 
and  aSica,  With  direct  radia- 
tion no  ventilation  at  all  is 
afforded.  There  are  several 
methods  of  arrangiitg  the  radia- 
tors and  cold-air  inlets,  although 
nearly  all  require  that  the  radia- 
tor shall  be  located  against  an 
outside  wall.  The  simplest 
method  of  providing  direct-in- 
direct radiation  is  by  using  a 
radiator  that  has  the  lower  por- 
tion encased  so  as  to  form  a 
box,  as  shown  in  Fig.  7.  Cold 
air  can  be  conducted  from  the 
outside  of  the  house  and  ad- 
mitted to  the  bottom  of  the 
radiator,  as  in  Fig.  8.  It  is 
then  obliged  to  pass  upward 
between  the  radiator-flues  their 
entire  length  and  is  brought 
into  the  room  at  a  comparatively  | 
high  temperature.  A  small  I 
damper-door  is  placed  in  the 
front  of  the  box,  and  a  damper 
should  also  be  put  in  the  cold- 
air  supply,  so  that  the  radiator   _.. 

can  be  converted  into  the  ordi-    *'**^-    I^»^«ct-indirect  Radiator  and  Cold-air  Inlet 
nary  direct-tjije  by  simply  closing  the  damper  and  opening  the  doors.    This 

would  probably  be  required  in 
very  cold  weather.  The  outside 
of  the  radiator,  of  course,  heats 
by  direct  radiation  at  all  times. 
If  a  large  amount  of  ventilation 
is  required,  some  form  of  indirect 
radiator  should  be  enclosed  in 
an  incombustible  casing  and  the 
outside  air  admitted  below  the 
radiator.  A  very  good  arrange- 
ment to  accomplish  this  purpose 
is  shown  in  Fig.  9.  It  consists 
of  a  stack  of  pin  or  other  indi- 
rect radiators  enclosed  in  a  box 
of  either  iron,  marble,  or  wood 
lined  with  tin,  and  provided 
VERTICAL  SECTION  THROUGH  RADIATOR,  ^^^^  registers  at  the  top  for  the 

CASING  AND  WINDOW  SILL.  *  cscape  of  the  heated  air.    The 

Fig.  9.     Vertical  SccUon  ThrouRh  Radiator,  Ca»-    ?^^^  V^  ^^^^  through  a  hollow 
ing  and  Window-sill  ^^on  sill  placed  above  the  wooden 

sill  of  a  window  and  passes  down 
back  of  the  radiator,  through  a  galvanized-iron  pipe,  to  the  space  under  the 

le 
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radiator.  Tlie  cold-air  inlet  is  |>rovidcd  with  a  damper  so  tkat  it  cam  b« 
closed,  and  registers  are  also  placed  at  the  base  of  the  radiator-casnag.  s»  that 
in  very  cold  weather  the  cold-air  inlet  may  be  partially  or  wfaoHy  ckacd  aod 
the  air  allowed  to  circulate  through  the  bottom  register,  ip  through  the  radi- 
ator, and  out  of  the  top  registers. 

Indirect  Radiation 

Heating  by  Indirect  Radiation  is  accomplished  by  two  methods,  the  more 
general  method  being  the  one  which  includes  separate  radiators  for  each  room, 
located  in  the  cellar  or  basement,  incased  with  metal,  or  wood  lined  with  tin, 

and  provided  with  a  f resh- 
air  inlet  and  tin  pipe  to 
convey  the  hot  air  to  the 
room  to  be  heated.  The 
other  method  provides  for 
one  cold-air  inlet  for  the 
whole  building  and  a  large 
coil  of  steam-pipes  placed 
behind  it,  so  that  all  the 
air  entering  the  building 
must  pass  through  this 
coil.  Such  a  method  caa 
only  be  used  in  connectioa 
with  fan  ventilation.  Fig. 
10  shows  the  usual  method 
of  casing  indirect  radiators. 
The  casing  is  generally  oC 
galvanized  iron,  or  of  wood 
lined  with  tin.  The  latter 
is  better  when  the  cellar  is 
to  be  kept  cool,  as  there  is 
I  a  greater  loss  by  radiation 
and  oooduction  through 
metal  cases;  otherwise 
metal  b  to  be  preferred, 
as  it  will  not  crack,  and 
when  put  together  with 
small  bolts  can  be  removed 
Fig.  10.    Sectk>n  Through  Indirect  Kadlator-stack         to  make   repairs   without 

damage.  The  boxes 
should  be  fitted  with  a  door  in  the  bottom,  and  the  cold-air  (upe  should 
always  be  provided  with  a  damper.  The  vertical  air-ducts  are  usually  tin 
flues  built  into  the  wall  when  the  building  is  going  up.  Sometimes  they  are 
only  plastered;  but  round,  smooth  metal  linings  with  dose  joints  give  mudi  the 
best  results.  The  cross-section  of  the  air-duct  should  be  comparatively  Urge, 
as  a  large  volimae  of  warmed  air  with  a  slow  velocity  gives  the  best  results. 
There  should  be  a  separate  vertical  air-duct  for  every  outlet  or  register.  In 
branched  vertical  air-ducts  one  is  generally  a  failure.  The  heated  air  from  one 
heater  may  be  taken  to  two  or  more  vertical  air-ducts  when  they  start  directly 
over  it;  the  duct  to  the  lower  room  being  taken  from  the  top  and  that  to  the 
upper  room  from  the  side,  or  both  from  the  top.  If  troth  rooms  are  on  the 
same  level,  both  ducts  should  be  taken  from  the  top  of  the  box.  Inlet  or  cold- 
air  ducts  are  best  when  there  is  one  for  every  coil  or  heate^  Sometimes  only 
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one  ktrge-brandied  cold-air  duct  is  used,  but  this  system  will  ffve  trouble 
unless  aH  the  rooms  are  Tentflated  by  forced  ventilation. 

The  Radiators.    For  indirect  heating  a  form' of  radiator  is  employed  different 
from  those  used  for  direct  radiation.    In  this  method  the  desideratum  is  to 


Fig.  IL    Perfection  Indirect  Pin  Radiator 


Fig.  12.    Excelsior  Indirect  Radiator  for  Steam 


Fig.  IS.    Sterling  Indirect  Radiator 

have  as  many  square  feet  of  heating-surface  in  as  little  space  as  possible,  appear- 
ance being  of  no  importance.  The  earliest  form  used,  and  which  is  still  used 
in  the  fan  or  hot-blast  ^stems,  is  the  pipe-coil  radiator,  formed  of  a  coil  of 
pipes  .connected  at  the  .ends  with  retum^bends.  For  ordinary  indirect  heating 
caat4coii  radiatoni  -of  -one  of  the  tsrpes  ahown  in  Fi^.  11,  12  and  13  are  now 
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used  almost  exclusively,  as  they  are  fully  as  cheap  if  not  cheaper  than  pipe- 
radiators  and  more  satisfactory.  The  pin-radiator  is  made  by  several  manu- 
facturers and  is  one  of  the  earliest  t3rpes  of  indirect  radiators.  That  shown 
in.  Fig.  11  is  made  in  two  sizes,  standard,  with  lo  sq  ft  of  heating-surface, 
and  EXTRA  LARGE,  with  15  sq  ft  of  heating-surface.  They  are  also  made  for 
connecting  the  sections  by  flange  and  bolt  or  by  right-threaded  and  Icft- 
thieaded  couplings. 

Data  on  American  Indirect  Radlaton 


Length 

of 
section. 

in 

Ex- 
treiue 
height. 

in 

Pattern-name 

Hrntr 

ing. 

surface, 

sqft 

Width 

each 

section 

occupies 

in  stack. 

in 

Regu- 
lar 
tapping, 
in 

a3H 
3W 

a6K 

36M 
36H 

36H 
37H 
36^ 

8 
8 
8 

ish\ 

-     { 

xiH 

8 
za 

M 

}». 
}« 

}« 

IS 
so 
so 

3H 
3H 

3« 

aH 
aH 

2H 
2H 

3H 
3H 

4 

•iH 
•iH 

ta 

ta 
ta 

ta 

ta 
ta 
ta 

Kxcftlsior,  steam .......   ........   ... 

Excelsior,  water 

sice,  steam  or  water 

Perfection  flange  and  bolt,  extra- 

Perfection  right  and  left  threaded, 
standard  size,  steam  or  water 

Perfection  right  and  left  threaded, 
extra  large  siie,  steam  or  water 

Cardinal,  steam  or  water 

Sterling,  steam  or  water 

Sanitary  school  pin,  steam  or  water 

*  Bushing  reduction  cannot  be  made. 

t  These  radiaton  are  all  regularly  tapped  2  in,  and  bushed  according  to  the  siae  spec- 
ified  in  Older. 


Data  for  Bzcelaior  Indirect  Steam-Radiaton 


Diam- 

Siselbr 

Heating- 

Cold-air 

eter  of 

Hot-air 

brick- 

Site  of 

Ratio 

Ratio 

Ratio 

supply. 

duct  if 

flue. 

work  for 

regisr 

of 

of 

of 

sqft 

sq  in 

round. 

sq  in 

hot-air 

ter. 

X  to3o. 

ito3S. 

tto40. 

in 

flues, 
in 

in 

cuft 

cuft 

cuft 

34 

35 

6.8 

48 

4XX2 

8X8 

720 

840 

960 

36 

54 

8.3 

72 

8XX2 

9Xia 

X080 

ia6o 

1440 

48 

72 

9.6 

96 

8X12 

10X14 

X440 

x68o 

1930 

60 

90 

10. 0 

120 

12X12 

12X1S 

x8oo 

2100 

2400 

72 

loB 

II. 7 

144 

12X12 

X2XX9 

2  160 

2520 

a88o 

84 

126 

12.7 

168 

12X16 

14X22 

2520 

2940 

3360 

96 

144 

13.5 

192 

i2Xi6 

14X24 

2880 

3360 

3S40 

X08 

162 

14.4 

226 

12X20 

16X20 

3240 

37«o 

4320 

xao 

180 

IS.  2 

240 

12X20 

16X24 

3600 

4200 

4800 

132 

198 

159 

264 

X2X24 

aoX20 

3960 

4620 

SaBo 

144 

216 

x6.6 

188 

12X24 

aoX24 

43ao 

5040 

S7<0 
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Neaily  all  indirect  radiators  may  be  used  for  either  water  or  steam-drcula- 
tion.  Indirect  radiators  are  generally  hung  from  the  ceiling  by  four  iron 
hangers  attached  to  the  floor-joists  and  having  their  lower  ends  shaped  so  aa 
to  hold  the  iron  pipe  or  bar-iron  on  which  the  radiator  rests.  The  hanger 
supporting  the  return-end  of  the  stack  should  be  slightly  lower,  from  H  to  H  in, 
than  the  others,  so  that  the  water  of  condensation  may  have  a  positive  flow 
toward  the  return-connection.  The  distance  from  the  top  of  the  stack  to  the 
ceiling  should  be  from  lo  to  X2  in,  and  the  air-space  below  the  stack  to  the 
bottom  of  the  casing,  from  6  to  8  in.  The  ceiling  over  the  stack  is  usually 
covered  with  galvanized  iron  or  tin.  The  supply  and  return-pipes  should 
always  be  of  ample  size.  The  space  reqiured  for  any  quantity  of  heating- 
surface  of  any  one  of  the  three  radiators  described  above  may  be  readily  deter- 
mined by  means  of  the  daU  given.  The  preceding  Uble  will  be  found  useful  hi 
proportioning  the  size  of  air-ducts. 

The  Boiler 

CUstes  of  Heating-Boflers.  There  are  a  great  many  varieties  of  steam- 
boilers  in  use  for  generating  steam  for  heating  purposes  besides  several  types 
that  were  on  the  market  some  years  ago  and  are  now  practically  obsolete.  The 
larger  proportion  of  the  boilers  used  at  the  present  time  may  be  classed  under 
the  following  heads: 

(x)  Horizontal  tubuhir  boilers. 

(2)  Fire-box  boilers. 

(3)  Sectional  boilers. 

(a)  Boilers  with  vertical  sections. 
{b)  Boilers  with  horizontal  sections. 

Horizontal  Tobnlar  Boilers.  This  boiler  has  been  very  extensively  used 
both  for  heating  and  power  and  is  still  preferred  by  many  engineers  for  heating 
large  buildings  or  generating  steam  for  hot-bUst  heating-systems.  It  b  an 
efficient  type  of  boiler,  is  easily  cleaned,  and  is  usually  the  most  economical 
type  for  a  large  amount  of  radiation,  say  over  2  500  sq  ft,  and  particularly  when 
soft  ooai  is  used  for  fuel.  The  chief  objection  to  its  use  b  that  if  there  is  an 
explosion,  it  is  liable  to  do  great  damage  and  may  possibly  demolish  the  build- 
ing. The  chance  of  an  explosion,  however,  is  very  small  indeed,*  with  low- 
pressure  steam.  Tubular  boilers  are  manufactured  in  nearly  every  [dty  of 
importance  and  can  be  purchased  in  every  market  at  a  reasonable  price.  The 
boiler  should  be  provided  with  manholes  with  strongly  reinforced  edges,  so  that 
a  person  can  enter  for  cleaning.  The  heads  of  the  boiler  above  the  tuba  should 
be  thoroughly  braced  in  order  to  sustain  safely  any  pressure  from  the  inside. 

Domes.  Domes  were  formerly  placed  above  the  horizontal  part  of  a  boiler 
to  increase  the  capacity  for  the  storage  of  steam  and  to  afford  a  ready  means  of 
drawing  ofif  dry  steam,  but  they  are  poor  substitutes  for  properly-designed  dry- 
pipes.  *  The  dome  is  always  an  element  of  weakness  in  a  boiler,  and  many 

*  "The  daim  for  safety  can  abo  be  made  for  the  horizontal  return  tubular  boiler. 
The  fact  b  that  when  boilen  of  thb  type  are  properly  constructed  they  do  npt  explode. 
When  one  compares  the  few  exploaions  which  occur  with  the  great  number  of  boHen  of 
thb  type  which  are  manufactured  every  year  and  the  vastly  greater  number  which  are 
in  use,  a  large  number  of  them  carelessly*  constructed  and  carrying  a  greater  pressure 
than  they'  were  designed  to  carry,  it  a  a  stxxMig  argument  in  support  of  thb  dahn,  that 
they  are  ulety  boilers  when  proper  caie  and  inspection  are  given  to  their  construction. 
Moreover,  the  horizontal  return  tubuhir  boiler  when  wdl  designed  and  carefully  ooostructed 
b  not  only  a  safety  boiler,  but  when  compared  with  water-tube  boilers  we  do  not  hesitate 
tofsythatitbnwceeooaomicaL'?    Edward  Kendall  &  Sous. 
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Honcwtal  Tubolar  BoilocB 

Manufactuzed  by  Edward  Kendall  &  Sons,  Cambridge,  Haas.* 


•8 

1' 

•0 

ll 

a" 

|5 

ll 

ll 

1 

ll 

Approx.  weight 

of  boiler  and 

castingi 

A 

in 

ft  in 

in 

ft 

In 

sqft 

30 

6    0 

36 

a 

5 

M 

114 

7H 

3«oo 

5 

68* 

30 

7    0 

36 

a 

6 

H 

137 

9H 

3  750 

5 

8aa 

30 

8    0 

36 

a 

7 

H 

i6o 

loW 

3900 

6 

990 

30 

9    0 

36 

2 

6 

H 

183 

12 

40SO 

8 

1092 

36 

8    0 

34 

aki 

7 

H 

189 

X2Vi 

4390 

8 

XX34 

36 

9    0 

34 

aH 

8 

H 

3Z6 

X4V4 

4600 

8 

X396 

36 

10    0 

34 

3H 

9 

W 

243 

16 

4810 

10 

1458 

36 

II    0 

34 

2H 

10 

H 

270 

18 

S090 

10 

T<ao 

36 

12    0 

34 

2Vi 

II 

H 

297 

20 

5300 

13 

1782 

36 

13    0 

38 

3 

13 

H 

321 

ax 

5510 

X2 

I9>6 

43 

10    0 

45 

a^i 

9 

H 

315 

21 

6610 

13 

1890 

42 

II    0 

45 

aH 

10 

H 

350 

23 

7030 

13 

3X00 

42 

la    0 

45 

aH 

II 

W 

384 

26 

7300 

14 

2304 

43 

13   0 

45 

2H 

13 

V4 

430 

38 

7660 

14 

3520 

43 

12    c 

38 

3 

II 

M 

389 

36 

7320 

14 

2334 

43 

13    0 

38 

3 

12 

M 

425 

38 

7680 

14 

2550 

42 

14    0 

38 

3 

13 

W 

460 

31 

7  950 

16 

3760 

42 

15    0 

38 

3 

14 

M 

495 

33 

8290 

x6 

29JO 

4» 

13    a 

69 

2^ 

XI 

^a 

5fi6 

38 

9750 

x8 

3396 

48 

13    a 

69 

2^ 

13 

Hi 

617 

41 

10x50 

xft 

370a 

48 

IS    2 

49 

3 

14 

Me 

626 

42 

1068s 

x8 

3756 

48 

16    2 

49 

3 

15 

M« 

6ri 

45 

11  03s 

18 

40«6 

48 

17    2 

49 

3 

x6 

M« 

716 

48 

11485 

ao 

4296 

48 

17    a 

38 

3H 

16 

Mi 

^ 

44 

laoSs 

ao 

3948 

48 

18   a 

38 

3H 

17 

Mi 

700 

47 

I2S3S 

ao 

4300 

S4 

IS      2 

60 

3 

14 

»Ha 

759 

51 

14015 

n 

4554 

54 

r6    2 

73 

3 

IS 

1H2 

954 

63 

IS  074 

36 

5724 

54 

17    a 

72 

3 

16 

»H» 

X018 

68 

15584 

38 

6xaft 

54 

18    a 

73 

3 

17 

>H2 

1082 

72 

X6094 

a8 

6492 

54 

17    2 

54 

3H 

16 

»^ 

y« 

60 

15458 

36 

5430 

54 

18    2 

54 

3H 

17 

»Hf 

961 

64 

I59*> 

36 

$76« 

54 

19    2 

54 

3H 

x8 

iHa 

10x8 

68 

X6  5S2 

28 

6x08 

€0 

18    3 

92 

3 

17 

H 

1364 

91 

19000 

34 

8a84 

60 

18    2 

64 

3'/^ 

17 

H 

1 133 

76 

X8468 

3D 

4798 

60 

19    2 

64 

3^ 

18 

H 

1200 

80 

19337 

33 

7200 

66 

18    a 

XIO 

3 

17 

H 

x6lS 

T08 

22  430 

40 

9*90 

66 

18    a 

82 

3>4 

17 

H 

1426 

95 

22190 

36 

8556 

73 

18    2 

130 

3 

17 

Me 

-X900 

127 

a6  036 

48 

1X400 

72 

18    2 

100 

3H 

17 

J^e 

I  721 

1X5 

25980 

44 

10316 

*  Selected  from  156  sixes  listed  by  this  firm.    These  boilen  are  made  «p  to  96  m  diam 
and  SI  ft  long, 
t  Fat  haid  ooal  or  coke. 
X  ProporUoQ  6  to  i.    The  last  two  columna  were  added  bgr  Mr.  Kiddn, 
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engineers  claim  that  a  boiler  is  better  without  it.  For  gravity-4ieating,  boilers 
without  domes  are  probably  most  used.  There  seems  to  be  no  standabo 
PROPOKTiONS  for  tubular  boilers,  as  the  practice  of  different  makets  and  engineers 
varies  somewhat.  The  proportions  given  in  the  accompanying  tables,  however, 
are  fairly  representative  of  most  of  the  boilers  made^  those  in  the  first  table 
being  designed  for  hard  coal  and  those  in  the  second  table  lor  soft  coal. 

When  soft  coal  is  used  for  fuel  the  efficiency  of  the  boiler  may  be  increased 
by  increasing  the  grate-area  about  20%. 


Proportions  of  Horizontal  Tabular  Boilers 
Made  by  the  Atlas  Engineering  Works.  Indianapolis,  Ind. 

These  are  about  the  standard  proportions  aa  used  in  the  Western  States  for  ordiaaiy 
purposes 


Nom. 
xated 
h.-p.« 

SheUt 

Mean 

thickness 

Tubes 

Heat- 
ing-suf> 

face, 
sqft   . 

Grate- 
Bur« 
face, 
sqft 

Diam- 

eter. 

in 

Length, 
ft 

Shell, 
in 

Heads, 
in 

Ntxm- 
ber 

Diam- 
eter. 

in 

Length, 
ft 

IS 
so 
as 
30 
3S 
40 
45 
so 
S5 
60 
70 
7S 
85 
xoo 
las 

ISO 

36 
36 
36 
40 
42 
46 
48 
48 
SI 
54 
54 
60 
60 
66 
7a 
72 

8 

10 

12 
12 
12 
12 
12 
14 
14 
U 
16 
14 
x6 
z6 
•     16 
Z8 

H 
H 
H 
W 
H 
W« 

H2 

Ha 
Ms 
Ms 
Me 
»Ha 

H 

H 
H 
H 
H 

Hs 
Ms 
Me 
Me 

}i 
H 
H 

26 
26 
26 
34 
40 
42 
48 
40 
44 
46 
40 

d2 

52 

64 
82 

82 

I 

3 

3 

3 

3 

3 

3H 

ZH 

3H 

4 

4 
4 

8 
10 

12 
12 
12 
12 
12 
14 
U 
14 
16 
14 
16 
16 
X6 
18 

214 
266 

318 

404 

464 

491 

SSI 

«30 

^ 

Tax 

817 

940 

1045 

1265 

1578 

1775 

5.8 
8.3 
95 

12. 0 
12.8 
14.6 

IS. 3 
16.0 
16.7 
18.0 
ao.8 
ai.s 
22.2 

25.0 

29.S 
36.S 

*  It  will  be  notked  that  these  boilers  are  rated  a  little  higher  than  the  usual  standard 
of  15  sq  ft  oi  heating-surface  to  i  h.-p. 

t  In  these  boilers  the  smoke-box  is  made  of  a  separate  piece,  so  that  the  actual  length 
of  boilers  is  xs  in  more  than  length  of  shelL 

Size  of  Tttbes.  In  the  Eastern  States  where  hard  cq^  is  used,  aH-in  tubes 
are  conmionly  placed  in  boilers  up  to  12  ft  long,  but  where  soft  coal  is  used  for 
fuel,  the  tubes  should  not  be  less  than  3  in  in  diameter  even  lor  the  smallest 
boiler,  while  for  boilers  z6  ft  long  and  over  3Vi-in  or  4-in  tubes  should  be  used. 

Setting  of  Horizontal  Tubular  Boilers.  Boilers  are  set  with  halt-fronts 
and  ruLL  noNTS.  With  half-front  setting,  the  front  end  of  the  boiler  projects 
12  in  or  more  beyond  the  brickwork  and  is  covered  with  a  cast-iron  frame  con* 
taining  two  doors  for  giving  access  to  the  flues.  With  a  full  front,  a  cast-iron 
front  is  provided  the  fuH  width  of  the  boiler  and  extending  from  the  floor  to  the 
top  of  the  brick  setting.  Fig.  14  shows  the  usual  method  offsetting  a  hori- 
zontal tubular  boiler  with  full  front,  and  the  table  opposite  it  gives  the  dimen- 
sions indicated  by  the  letters,  and  the  quantities  of  brkks  lequlicd.  These  will 
be  found  useful  in  showing  the  boilei-sctting  on  the  foundation-plan  of  the 
building,  and  also  in  estimating  the  cost  of  setting.  _, 
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Fire-Boz  Boilert.  A  fire-box  boiler  is  a  horizontal  tubular  boiler  with  a 
fire-box  formed  in  the  front  end,  as  in  Fig.  15.  The  fire-box  has  double  walls, 
the  space  between  being  filled  with  water,  so  that  the  Qre  is  entirely  surrounded 
with  water,  the  object  being  to  utilize  a  greater  percentage  of  the  heat  generated 


X 

J 

a 

.1 

I 


a.     3 


s 
o 

X 


by  combustion  than  is  possible  with  the  ordinary  tubular  boiler.  The  American 
Radiator  Company  makes  a  fire-box  boiler  intended  especially  for  heating  pur- 
poses, which  would  seem  to  be  a  very  efficient  type  of  boiler  for  buildings 
having  from  i  ooo  to  3  000  ft  of  direct-steam  radiation  or  z  500  to  6  000  ft  of  hot« 
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water  radiatkm,  and  particulariy  where  hard  coal  or  coke  is  used  for  fuel.  These 
boilers  may  be  installed  in  very  low  cellars.  The  danger  from  ezplonon  with 
these  boilers,  however,  when  used  for  steam-heating  is  about  the  same  as  with 
plain  tubular  bo3ers.  Fire-box  boilers  require  a  brick  setting  which  is  shown 
in  Fig.  15. 

Sectional  Catt-Iron  Boflere.    Boilers  o^  this  class  have  been  used  for  a 
great  many  years,  and  have  very  largely  taken  the  place  of  tubular  boilers  for 
the  heating  of  large  private  and  public  buildings,  principally  on  account  of 
their  safety  from  dangerous  explosions.    Thb,  in  fact,  is  the  chief  advantage 
of  the  sectional  b(ukr  over  a  tubular  boiler.    In  a  sectional  boiler,  should  an 
explosion  occur  from  gross  carelessness  of  the  attendant,  it  would  probably  be 
confined  to  not  more  than  two  sections,  and  do  but  little  damage  to  the 
building.    Mai^y  improve- 
ments have  been  made  in 
these  boilers,  so  that  some 
of  the  latest  patterns  seem 
to   be  about  perfect   for 
the  class  of  work  for  which 
they  are  mtended.  | 

Types  of  Sectional 
Boilers.  There  is  such  a 
great  variety  of  small  sec* 
tional  boilers  for  house- 
heating  that  it  Is  impossible 
to  describe  them  in  awork 
of  this  character.  Nearly 
all  are  of  a  portable  pat- 
tern and  are  generally 
made  with  horizontal  sec- 
tions, that  is,  with  sec- 
tions fitting  one  on  top  of 
the  other.  For  buildings 
haviag  more  than  400  ft 
of  direct  radiation  in  the 
radiators,  a   vertical  aeo- 

tioaal    boiler    is    to    be  

preferred  to  one  with  hori-  Fig.  16.    "  Ideal "  Sectional  Steam-boiler 

zontal  sections.  The  ver- 
tical sectional  boiler  is  made  up  of  a  number  of  cast-iron  vertical  sections  set  one 
in  front  of  the  other  on  a  cast-iron  base  which  fonns  the  ash-pit.  The  sections 
are  connected  together  either  by  means  of  push-nipples  fitting  tightly  into 
adjacent  sections  or  l^  connecting  each  section  to  three  drums,  one  above  the 
boiler  and  one  on  each  side  near  the  bottom.  The  latter  type  of  boiler  is  desig- 
nated as  a  scREWrBOppLE  boSltT  and  the  former  as  a  push-nipflk  boiler.  The 
push-nipple  boiler  b  the  later  type  and  seems  to  be  most  in  favor  with  steam- 
fitters.  It  affords  a  freer  circulation  of  steam  and  water  than  the  screw-nipple 
type  and  is  more  quickly  erected.  On  the  other  hand,  if  any  section  of  a  push- 
mppfe  boHer  becomes  disabled,  the  entire  boOer  must  be  thrown  out  of  use  until 
a  new  section  can  be  pat  in;  while  with  the  screw-nipple  boiler,  if  an  inter- 
mediate  secdon  fa'dbablod  it  can  be  disconnected  from  the  drums  and  the 
openingi  pligged,  ao  that  the  boiler  can  ht  run  tempovarily,  or  even  perman* 
ently,  if  it  is  large  enough,  without  taking  out  the  disabled  section.  Fig.  16 
showB  the  general  external  appearance  of  push-nipple  boilers  and  Fig.  17  of 
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the  screw-nipple  boilers.    Fig.  18  Is  a  sectional  view  of  the  Gumey  Bright 
Idea  sectional  water-tube  hot-water  boiler,  i  200  series,  adapted  to  from  5  000 

to  II  000  sq  ft  of  radU- 
tion.  Boilers  constructed 
on  the  same  principle  are 
also  made  for  house-heat- 
ing. 

Although  the  external 
appearance  of  nearly  all 
vertical  sectional  boilers 
Is  quite  similar,  the  ar 
rangemcnt  of  the  flues  or 
passages  for  the  gases  of 
combustion  differs  some- 
what in  each  different  line 
of  boilers;  and  between 
•  some  lines,  as  between  the 
Gumey  Bright  Idea  and 
the  Ideal  line  of  the  Ameri- 
can Radiator  Company, 
it  is  very  great.  In  gen- 
eral, it  may  be  said  that 

Fig.  17.    Gumey ••Brightldca"  Boiler. ScrewnippleType    those  heaters  which  have 
*       t*-  f        ^       ^Y^   greatest   amount    of 

heating-surface  in  proportion  to  the  grate-area  are  likely  to  prove  the  most 
efficient  in  point  of  economy  of  coal-consumption.    As  a  rule,  the  intermediate 
sections  of  sectional  boilers  are  alike,  so  that  the  capacity  of  the  boiler  may  be 
varied   within   certain   limits   by  increasing  the  number  of  sections.    The 
requirements  of  an  eco- 
nomical and  satisfactory 
working-boiler  for  house- 
heating  are  as  follows: 

(i)  They  should  con- 
tain a  quantity  of  water 
sufficiently  large  to  fiU 
the  pipes  and  radiators 
with  steam  to  any  re- 
quired pressure  wtthout 

LOWERING  THE  WATER  IN 
THE  BOILER  TO  REQUIRE 
AN    ADDITION    WHEN 

STEAM  IS  up;  for  should 
the  steam  go  down  sud- 
denly, there  will  be  too 
much  water  in  the  boiler. 
This    occurs   in   boilers 

made   with    very   small  Fig.  18.    Sectional  View  of  Gumey  Boiler 

parts    or    pipes    which 

have  a  small  capacity  at  the  water-line.  Such  a  boiler  requires  great  care,  for 
if  it  has  an  automatic  water-feeder  set  for  the  true  water-line,  it  will  fill  up, 
but  cannot  discharge  again  when  the  steam  goes  down;  while  if  it  has  no  feeder, 
it  is  in  danger  of  being  spoiled,  as  the  water  u  in  thD  pipes  m  TEE  roRM  or 
8IXAM. 
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It  is  true  that  a  boiler  which  oontaioB  a  small  amount  of  water  in  proportion 
to  its  heating-surface  will  get  up  steam  quicker  than  one  containing  a  larger 
quantity  of  water,  but  the  latter  will  keep  steam  much  better  when  the  fire  is 
renewed;  and  boilers  which  contain  small  quantities  of  water  are  rapidly  chilled 
as  well  as  rapidly  heated  and  must  be  fired  often  and  regularly. 

(2)  The  fijre-box  should  be  of  iron,  with  a  water-space  around  it,  to  prevent 
cUnkering  on  the  sides  and  the  necessity  of  repairs  to  brickwork,  which  are  im- 
avoidable  in  brick  furnaces. 

(3)  The  fire-box  should  be  deep  below  the  fire-door,  to  admit  of  a  thick  fire 
to  last  all  night  and  thus  keep  up  steam.  For  large  boilers  which  require  the 
services  of  an  engineer  it  is  desirable  to  have  a  large  grate-ar«i  and  a  thin  fire; 
but  such  a  fire  reqiures  to  be  renewed  too  often  to  be  suitable  for  a  house- 
boiler. 

(4)  The  fire-box  should  be  spacioxts,  for  the  sake  of  good  combustion. 

(s)  The  boiler  should  have  few  parts,  and  the  flues  and  tubes  should  be  large 
and  in  a  vertical  position,  so  that  they  will  not  foul  easily,  and  so  that  any  de- 
posit may  fall  to  the  b6ttom.  For  dwellings  the  writer  advises  those  forms 
of  boilers  which  are  without  tubes,  or  with  but  a  very  few,  as  the  tubes  will 
invariably  give  out  long  before  the  shell,  and  if  the  tubes  are  not  kept  dean 
they  will  transmit  but  a  small  percentage  of  heat. 

(6)  All  parts  should  be  readily  accessible  for  cleaning  and  repairs.  This  is  a 
point  of  the  greatest  importance  and  economy.  When  the  heating-surfaces 
become  covered  with  soot  and  ashes,  the  economy  of  the  boOer  greatly  decreases 
as  the  soot  acts  as  an  insulator  and  prevents  the  heat  reaching  the  boiler.  It 
is  for  this  reason  that  boflers  wUch  work  well  when  new  are  found  insufficient 
to  do  the  work  required  of  them  when  they  become  dirty. 

(7)  The  heating-surface  should  be  arranged  as  nearly  as  possible  at  right-angles 
to  the  currents  of  heated  gases  and  so  break  up  the  currents  as  to  extract  the 
entire  available  heat  therefrom. 

(8)  It  should  have,  if  possible,  no  joints  exposed  to  the  direct  action  of  the 
fire. 

(9)  It  should  have  a  great  excess  of  strength  over  any  legitimate  stress,  and 
should  be  so  constructed  as  not  to  be  liable  to  be  stressed  by  unequal  expansion. 

(10)  It  should  be  durable  in  oonstmctton  and  not  liable  to  require  early 
repairs. 

(xx)  The  water-space  should  be  divided  into  sections,  so  arranged  that 
should  any  section  fail,  no  general  explosion  can  occur  and  any  destructive 
effects  will  be  Hmited  to  the  simple  escape  of  the  contents. 

(is)  It  should  be  proportioned  for  the  work  to  be  done^  and  be  capable  of 
workhig  to  its  full  rated  capacity  with  the  highest  economy. 

(13)  It  should  be  provided  with  the  very  best  gauges,  safety-valves  and 
other  fixtures. 

The  boi|^  should  be  set  so  that  its  water-line  will  be  at  least  2  ft  below  the 
msin  horisontal  supply-pipe.  The  more  prominent  lines  of  sectional  lxMlers.for 
low-pressure  steam  or  hot-water  heating  are:  The  Ideal  line^  made  by  the 
Amexican  Radiator  Company;  the  Bright  Idea,  made  by  the  Guiney  Heater 
Manufactuiing  Company;  the  Mercer  and  Gold,  made  by  the  H.  B.  Smith 
Company;  and  the  Spencer,  made  by  the  Spenoer  Heater  Company.  Cast- 
iron  boilers  are  vexy  extensively  used.  Besides  being  very  effident  they  also 
have  the  merit  ol  bemg  low  in  stature,  thus  fitting  theixi,  without  constructing 
special  pits,  for  installation  in  buildings  with  low  cellais.  The  American  Radi- 
ator Company  makes  twenty  different  types  of  sectional  boilers  for  steam  and 
water,  adapted  to  aH  kinds  of  fuel,  and  fifteen  different  types  of  round  boilenk 
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Setting  and  Covering  of  Sectional  Boilera.    The  only  bfickwoik  re> 

quired  for  any  of  the  boilers  named  above  b  a  suitable  foundation  with  water- 
tight  ash-pit  about  12  in  deep.  The  outside  of  the  boilers,  however,  should  be 
plastered  with  a  substantial  covering,  from  x  to  iH  in  thick,  of  plastic  asbestos. 

Rating  of  Steam-Boilers.  Tubular  boilers  are  often  designated  as  so  many 
BORSE-POWEK.  Strictly  speaking,  there  is  no  such  thing  as  the  horse-powek 
OF  a  steam-boiler,  as  this  is  a  measure  applicable  only  to  dynamic  effect.  But 
as  boilers  are  necessary  to  drive  steam-engines,  the  same  measure  applied  to 
steam-engines  has  come  to  be  universally  applied  to  the  boiler  and  cannot  well 
be  discarded.  The  standard  established  by  the  committee  of  judges  of  the  Cen- 
tennial Exposition  in  1876,  and  since  adopted  by  the  Am.  Soc.  M.E.,  b  "the 
evaporation  of  30  lb  of  water  per  hour  from  feed-water  at  100"  F.  into  steam  at 
70  lb  gauge-pressure. "  Thb  standard  b  equal  to  33  3^5  thermal  units  per  hour. 
As  the  amount  of  water  which  any  boiler  will  evaporate  per  hour  depends  as 
much  upon  the  management  of  the  fire  and  the  kind  of  fuel  used  as  upon  the  size, 
the  above  standard  is  a  difficult  one  to  determine  with  accuracy,  so  that  in 
practice  the  conunercial  horse-power  of  a  boiler  has  come  to  be  measured  by  the 
amount  of  its  heating-surface,  that  is,  the  heating-suiface  available  m  gener- 
ating steam.  It  is  the  general  practice  to  consider  12.5  sq  ft  of  heating-stnfaoe 
in  horizontal  tubular  boilers  and  10  sq  ft  in  water- tube  bdlers  as  equivalent  to 
one  horse-power,  and  most  manufacturers  rate  their  boilers  by  thb  standard. 
The  rule  for  computing  the  heating-surface  of  horizontal  tubular  boilers  b  as 
follows,  all  dimensions  being  taken  in  inches:  Multiply  two-thirds  the  cir- 
cumference of  the  shell  by  its  length,  multiply  the  sum  of  the  circumferences  of 
all  the  tubes  by  their  common  length;  to  the  sum  of  these  products  add  two- 
thirds  of  the  area  of  both  tube  sheets  less  twice  the  combined  area  of  all  the 
tubes,  and  divide  the  sum  by  144  to  obtain  the  result  in  square  feet.  Or,  the 
heating-surface  b  equal  to  the  surface-area  of  all  the  tubes,  plus  two-thirds  the 
surface  of  the  shell  and  both  tube-sheets,  minus  the  area  of  the  holes. 

Steam-Heaters,  that  is,  boilers  intended  only  for  the  heating  of  buildings,  are 
generally  rated  by  the  manufacturers  according  to  the  amount  of  direct  ladiat- 
ing-surface  they  will  supply,  including  all  pipmg.  These  ratings  are  commoolj 
made  pretty  high,  so  that  it  b  a  safe  rule  to  use  a  boiker  having  a  rating  40%  in 
excess  of  the  actual  direct  radbtion  (radbtors)  when  the  nwdns  are  covered  and 
50%  when  they  are  not  covered.  Each  foot  of  indirect  radbtion  shoukl  be 
figured  as  equal  to  iH  ft  of  direct  radiation. 

Proportioning  Radlatiag  Svrface  to  Hoxiioiital  Tubolar  BoOera.  To 
determine  the  sue  of  boiler  necessary  to  supply  a  given  amount  of  direct  raifia- 
tion,  allow  i  sq  f t  of  heating-surface  in  the  boiler  to  6  or  7  sQ  <t  of  direct  refla- 
tion when  all  mains  are  covered,  and  rsqftto5or6sqft  when  the  taaiBis 
are  not  covered.  A  Urge  boiler  will  usually  supply  a  greater  amount  of  radia- 
tion in  proportion  to  its  heating-snrf  ace  than  a  small  one.  In  thes^  rales  the 
piping  b  not  to  be  included  in  the  radbting-suiface.  It  should  be  bofne  in  mind 
that  no  hard  and  fast  rule  can  be  given  for  proportioning  heating-surfaces; 
hence  in  bying  oat  a  heating-plant  the  architect  will  do  well  to  be  guided  by 
the  advice  of  an  experienced  engineer. 

Amount  of  Coal  Burned  per  Hour.  The  amount  of  coal  burned  per 
square  foot  of  grate-surface  per  hour  b  rarely  less  than  15  lb  with  pcmtrhcikxs, 
and  in  some  cases  b  very  much  greater,  but  it  is  usually  less  than  10  Ib^  aad  b 
sometimes  as  small  as  3  or  4  with  heating-boilers. 

Boiler-Triniminga.  Every  steam-boiler  should  be  provided  with  a  bras>< 
cased  steam-gauge,  safety-valve,  and  water-coliunn  with  gauge,  water-gauge, 
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and  i^aas.  An  automatic  damper-resulator  with  connections  for  operating  the 
draft-door  and  cold-air  check  is  also  desirable  on  house-heaters.  The  best 
safety-valve  for  low-presfture  boilers  is  the  single-weigfated  tjrpe;  it  should  be 
onnnertfd  at  tlie  top  of  the  heater. 

Syatenia  of  Piping  for  Sto«ai-Ho«tiag 

Distinction  Between  Gravity  and  Ifon-Gravity  Systems.  The  various 
S3rstems  of  steam-heatiDg  are  divided  into  two  general  classes,  gravity  cis- 
cx^LATiNG  SYSTEMS  End  NON-OKAViTY  SYSTEMS.  The  former  embraces  all  sys- 
tems in  which  the  water  of  condensation  from  the  various  radiators  returns  to 
the  boiler  by  its  own  weight,  that  is,  by  gravity,  without  the  aid  of  any  mechanical 
device.  Non-gravity  systems  require  some  special  machineiy,  such  as  a  pump 
or  return-trap,  to  return  the  water  to  the  boiler,  or,  in  some  cases,  the  water  of 
condensation  is  wasted.  The  kind  of  boiler  used  or  the  character  of  the  radia- 
tion has  nothing  to  do  with  the  distinction  between  the  two  systems,  although 
with  the  non-gravity  systems  tubular  or  power-boileis  are  generally  employed. 
Wherever  high-pressure  steam  b  carried  in  the  boiler,  the  non-gravity  system 
must  be  used;  hence,  this  system  is  often  designated  as  the  high-pressure  sys- 
tem, but  it  is  very  seldom  that  high-pressure  steam  is  carried  into  the  radiators. 
If  high-pressure  steam  is  generated  for  power-purposes,  that  portion  of  h've 
steam  which  is  used  for  heating  is  generally  passed  through  a  reducing  valve,  s» 
that  the  pressure  in  the  radiators  does  not  exceed  xo  lb  per  sq  ib«  and  if  exhaust- 
steam  is  used  it  can  be  mixed  with  the  reduced  live  steam;  otherwise  the  heating- 
system  is  exactly  the  same  as  a  gravity-system,  except  in  returning  the  water  of 
condensation  to  the  boiler.  On  the  other  hand,  where  low-pressure  steam  is  used 
and  it  is  necessary  to  place  radiators  below  the  water-line  in  the  boiler,  a  non- 
gravity  system  must  be  used  because  the  water  of  condensation  mxist  be  col- 
lected in  a  tank  or  receiver  and  returned  to  the  bdler  by  a  return-trap  or  pump. 
For  gravity-drculation  the  lowest  radiation  must  be  at  least  4  ft  above  the 
water-line  in  the  boiler.  The  same  system  of  piping  may  be  used  for  both  sys- 
tems, except  that  with  the  non-gravity  systems  the  return-pipe  must  terminate 
in  a  receiver  placed  bdow  the  level  of  the  lowest  radiator.    (See  page  1234.) 

Deflnitions  of  Terms  Used  in  DesaiUng  Stoam  and  Hot- Water  Piping. 
There  are  certain  terms  used  in  describing  steam  or  hot-water  piping  with 
which  an  architect  or  superintendent  should  be  familiar.  The  main  or  distri- 
bution-pipe is  the  pipe  leaving  the  boiler  and  which  conveys  the  steam  or  hot 
water  to  the  risers  or  branches  wUch  supply  radiating  surfaces.  In  steam- 
heating  this  pipe  is  termed  the  main  steam-pipe,  and  in  hot-water  heating  the 
MAIN  plow-pipe.  The  term  supply-pipe  is  sometimes  applied  to  main  steam- 
pipes,  but  it  is  not  technically  correct.  The  pipes  in  which  the  flow  takes 
place  from^e  radiator  are  called  return-fipes.  The  main  return  is  the  pipe 
which  coimects  with  the  boiler  below  the  water-line,  or,  in  a  non-gravity  sys- 
tem, connects  with  the  receiver.  The  risers  are  those  pipes  which  extend  in  a 
vertical  direction  to  supply  radiators.  The  vertical  pipes  in  which  the  flow 
is  downward  are  called  return-risers.  A  relief  or  drip  is  a  small  pipe  run 
from  a  steam-main  to  a  return.  It  must  be  used  at  all  points  where  water  is 
likely  to  gather  in  the  main.  The  ptich  is  the  inclination  given  to  any  pipe 
when  running  in  a  nearly  horizontal  direction.  The  term  water-line  is  used 
to  denote  the  height  at  which  the  water  will  stand  in  the  return-pipes.  In  a 
low-pressure  gravity-system  the  water-line  is  practically  the  level  of  the  water 
in  the  boiler.  The  term  water-hammer  is  appfied  to  a  very  severe  concussion 
which  often  occurs  in  steam-heating  pipes  and  radiators.    It  is  caused  by  cold 
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water  accumulating  to  such  an  extent  as  to  condense  some  of  the  steam  in  the 
pipe,  thus  forming  a  vacuum  which  is  filled  by  a  very  violent  rush  of  steam  and 
water.  The  water  strikes  the  sides  of  the  radiators  or  pipes  with  great  force 
and  often  so  as  to  cause  considerable  damage.  In  general,  water-hammering 
may  be  prevented  by  arranging  the  piping  in  size  and  pitch  so  that  the  water 
of  condensation  will  inunediately  drain  out  of  the  radiators  or  pipes.  An  aik- 
ISAP  is  an  upward  bend  in  a  lApt  which  accumulates  air  to  such  an  extent  as 
to  prevent  circulation  in  the  system.  When  an  air-trap  cannot  be  avoided, 
a  small  pipe  or  air-valve  for  the  escape  of  air  should  be  coimected  with  the 
highest  portion  of  the  bend  and  led  to  some  pipe  which  will  freely  discharge 
the  entrapped  air. 

Sjftems  of  StMfli-Plping.  Three  systems  of  piping  are  employed  in  grav- 
ity steam-heating  which  may  be  briefly  described  as  follows: 

(i)  The  BiiUs  or  Compieta-Circuit  $ystem  introduced  into  thb  country 
by  J.  H.  Mills  and  sometimes  called  the  overhead  single-pipe  system.  In 
this  system  the  main  p»pe  is  led  directly  to  the  highest  part  of  the  building,  usu- 
ally to  the  attic,  whence  distribution-pipes  are  run  to  the  various  return- 
risers,  which  extend  to  the  basement  and  discharge  into  the  main  return.  The 
supply  for  the  radiating-surfaces  is  all  taken  from  the  return-risers,  and  in  some 
cases  the  entire  downward  circulation  passes  through  the  radiating-system. 
In  this  system  the  radiators  in  the  top  story  receive  steam  first,  and  the  steam 
and  water  of  condensation  is  always  flowing  in  the  same  direction  except  in  the 
main  steam-riser.  But  one  connection  is  made  to  each  radiator,  the  steam  and 
water  of  condensation  flowing  through  the  same  opening  and  riser.  Below  the 
first  floor  the  piping  carries  only  the  retium-water  and  steam.  This  system  is 
equally  well  adapted  for  either  steam  or  hot-water  heating,  and  on  the  score 
of  posiUveness  of  circulation  and  ease  of  construction  is  no  doubt  to  be  com- 
mended as  superior  to  all  others.  It  is  also  the  best  system  for  compensating 
for  the  expansion  in  the  risers  in  tall  buildings.  The  principal  objections  to  it 
are:  (a)  The  necessity  of  placing  the  distribution- pipes  in  the  attic  or  top  story 
instead  of  in  the  basement,  which  may  or  may  not  be  of  serious  importance;  and 
(b)  the  slightly  greater  cost  of  piping  than  that  of  the  usual  one-pipe  system; 
but  as  a  rule  this  will  be  more  than  offset  by  the  better  working  of  the  »rstem. 
This  system  is  especially  recommended  for  high  buildings  and  for  mills  and 
factories  (see  page  1340). 

(a)  Ordinary  One-Pipe  System  or  One-Pipe  Basemcnt-Sjrttem.  In  this 
system  one  large  steam-main  runs  around  the  basement  to  a  point  where  the  last 
radiator  or  riser  is  taken  off  and  b  then  connected  into  a  return-main,  which 
conveys  the  water  of  condensation  back  to  the  boiler,  or  if  there  is  no  occasion 
for  dropping  the  return  below  the  basement-floor,  the  steam-main  is  continued 
around  the  basement  and  connected  to  the  return  in  the  back  of  the  boOer. 
The  steam-main  when  it  leaves  the  boiler  is  elevated  close  under  fhe  ceiling, 
and  is  graded  down  from  the  boiler  about  H  in  in  10  ft,  so  that  the  water  of  con- 
densation will  flow  towards  the  return.  In  this  system  as  in  the  Mills  system 
there  is  only  one  connection  made  to  each  direct  radiator,  which  b  an  advantage 
over  the  double-pipe  system,  as  there  is  only  one  valve  to  open  or  close  in  turning 
on  or  shutting  off  a  radiator.  Unlike  the  Milb  system,  however,  the  steam  and 
water  flow  in  opposite  directions  in  the  risers.  With  thb  S3rstem  a  good  auto- 
matic air-valve  should  be  placed  on  the  extreme  end  of  the  horizontal  return- 
main,  above  the  water-line,  to  allow  the  escape  of  air  that  cannot  escape  through 
the  radiators.  This  method  of  piping  is  the  one  now  used  most  extensivdy  and 
when  correctly  installed  gives  good  satisfaction. 
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(3)  The  Two-Pipe  System.  This  system  consists  in  having  steam  and  return- 
mains  in  the  cellar  and  two  connections  to  each  radiator.  The  steam-main  is 
graded  down  from  the  boOer  about  H  in  in  10  ft,  and  is  reduced  in  size  as  radi- 
ator or  riser-connections  are  taken  off;  at  the  end  it  is  connected  into  the  return- 
main  below  the  water-line.  The  return-main  increases  in  size  as  it  goes  towards 
the  boiler,  as  connections  are  made  to  it  from  risers  or  radiators.  Each  radiator 
receives  steam  from  a  riser  or  connection  taken  from  the  steam-main  and  empties 
into  the  return  through  a  return-riser  or  connection,  so  that  there  is  a  complete 
circulation  throughout  the  entire  system.  This  system  is  now  confined  mainly 
to  large  buildings  and  to  buildings  heated  by  indirect  radiation..  Indirect 
KAZUATOKS  must  always  have  a  flow  and  return-pipe,  and  when  used  in  build- 
ings heated  by  the  one-pipe  S3rstem  the  return-riser  must  be  entered  into  a  re- 
turn-main below  the  water-line.  The  two-pipe  system  b  naturally  much  more 
expensive  than  the  one-pipe  system,  because  twice  as  many  radiator-valves 
are  required  for  the  former  and  50  to  75%  more  piping. 

The  Vftcnnm-Syftems  of  Heating.  Several  vacuum-systems  of  heating 
are  now  on  the  market.  All  of  these  systems  are  provided  with  an  exhausting- 
device  for  producing  a  vacutun  either  on  the  return  or  on  a  pipe-line  connecting 
to  the  air-valves.  In  most  of  the  vacuum-systems  a  pump  is  applied  to  the 
return-pipe  and  by  its  action  the  pressure  is  removed  from  the  entire  system. 
The  best  known  and  most  widely  used  vacuum-system  is  the  Webster,  which  is 
described  in  detail  later  in  the  second  paragraph  following. 

The  Paul  Syftem  of  Heating.*  This  is  a  patented  system  of  exhausting 
all  air  from  the  radiators  and  piping,  so  that  the  steam  circulates  below  or  a  little 
above  atmospheric  pressure.  This  is  accomplished  by  attaching  a  patented 
air-valve  to  each  radiator,  and  at  any  points  where  air  might  possib^^  collect 
in  the  returns,  and  connecting  these  valves  by  means  of  small  air-pipes  with  an 
exhausting^pparatus  placed  in  the  boiler-room.  The  valves  are  so  constructed 
that  while  they  permit  of  the  passage  of  air  no  water  can  escape  through  them. 
The  only  difference  between  the  Paul  system  and  the  gsdinasy  single-pipe 
G&AviT¥-SYSTEM  Hes  in  reducing  the  pressure  by  exhausting  the  air  so  that  the 
resistance  is  lessened  in  pipes  and  radiators.  The  exhausting-apparatus  may  be 
operated  by  steam,  electricity,  gas,  or  water,  water  being  usually  employed 
with  low-pressure  systems.  The  cost  of  operating  the  exhausting-apparatus 
when  low-pressure  boilers  are  used  need  not  exceed  3  cts  per  day  for  a  building 
containing  4  500  sq  ft  of  radiation.  To  install  the  .system  the  steam-fitter  must 
purchase  the  valves  and  exhausting-apparatus  from  the  Automatic  Heating 
Company  and  pay  a  small  royalty,  the  amount  depending  upon  the  amount  of 
radiation  in  the  building.  As  by  this  system  better  circulation  is  provided  than 
when  the  air  discharges  into  the  rooms  through  ordinary  automatic  air-valves 
the  radiators  are  made  more  effective;  consequently  a  little  less  radiation  and 
smaller  piping  are  required  to  do  the  same  work.  The  cost  of  installation  under 
the  Paul  S3rstem  is,  therefore,  but  little  if  any  more  than  for  the  ordinary  single- 
pipe  gravity-system,  while  it  is  claimed  that  the  sjrstem  will  effect  an  economy 
of  at  least  ao%  in  the  amotmt  of  coal  required  for  heating.  The  system  is  in 
successful  operation  in  a  great  many  public  and  private  buildings,  and  the 
company  has  agents  in  most  ol  the  larger  cities  from  whom  further  information 
can  be  obtained.  One  great  advantage  of  the  system  is  that  people  m  the 
rooms  cannot  tamper  with  the  air-valves  and  there  is  no  danger  of  leaks 
in  the  valves. 


*  See  foot-Oote,  page  1334. 
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Hie  Webster  System  •  (contpofled  by  Warren  Webster  &  Company).  This, 
like  the  Paid  system,  is  a  vacaom-system  of  steam-heating,  but,  unlike  the  Paul 
system,  it  exhausts  afl  wateh  of  condensation  as  well  as  air,  so  that  the  flow-pipes 
are  at  aH  thnes  filled  with  dry  steam.  This  system  can  also  foe  appKcd  to  aU 
classes  of  non-gravity  heating-appanitus  and  where  exiiaust-steam  is  used.  A 
Webster  radiator-trap  is  placed  on  the  drip-end  of  each  radiator  and  a  small 
pipe  connects  each  valve  with  the  exfaansting-appaiatus  near  the  bofler.  The 
water  of  condensation  is  taken  to  a  receiver,  from  which  it  is  fed  back  to  the 
boiler.  With  this  system  comparatively  smiJl  supply  and  retwn-mains  may  be 
employed,  but  the  radiation  should,  K  anything,  be  increased.  The  kind  of  racfi- 
ator-trap  furnished  will  depend  upon  the  relative  amounts  of  water  and  air  to 
be  handled  and  upon  the  vacuum  which  b  maintained  in  the  return-pipes,  etc. 
As  Mr  is  heavier  than  steam  it  wiD  flow  out  from  the  bottom  of  the  radiator. 
The  trap  may  be  operated  either  by  a  float  or  by  a  thermostatic  element  con- 
sisting of  an  aneroidial  corrugated  copper  disk  containing  a  volatile  liquid. 
This  system  is  especially  adapted  to  laige  heattog-planU,  hot-bla&t  jystcms, 
and  dry-kilns,  and  may  be  successfully  and  economically  applied  to  a  great 
variety  of  manufactuiingprocesses  by  making  sUght  modifications  in  its  working- 
details.  It  has  been  successfully  installed  in  a  great  many  lajcge  buildings  through 
the  country  and  in  many  factories  and  manufacturing  plants.  Further  iiifomva- 
tion  concerning  tins  system  may  be  obtained  at  any  o|  the  offices  of  the  company. 

Return  of  Water  to  Boiler  in  Son-^kavity  Syaton»  of  Gtoom-Hoaliag. 
As  stated  on  page  1231,  whenever  the  steam-pressure  in  the  radiators  is  less 
than  that  in  tlrc  boiler,  or  when  a  radiator  is  placed  below  the  water-line,  then 
the  water  of  condensation  must  be  returned  to  a  tank,  catted  a  receiver,  placed 
below  the  lowest  radiator,  and  returned  from  the  receiver  to  the  boiler  by  means 
of  some  mechanical  device.  As  a  rule,  either  a  pump  or  a  return-trap  is  used  for 
this  purpose.  For  high-pressure  systems,  that  is,  when  steam  is  used  to  run 
machinery  or  to  run  the  fan  in  a  hot-blast  system,  a  steam-pump  running  auto- 
matically is  generally  considered  the  most  satisfactory  device  for  returning  the 
water  to  the  boiler.  Where  there  is  no  engineer  in  constant  attendance,  a  re- 
turn-trap will  generally  be  preferable.  The  return-trap  works  automatically 
and  will  return  the  water  as  effectively  as  a  pump,  besides  being  less  expensive. 
The  greatest  objection  to  a  return-trap  seems  to  be  that  if  it  gets  out  of  order 
from  any  cause,  it  is  not  as  easily  or  quickly  repaired  as  a  pump.  A  return-trap 
should  be  placed  on  or  near  the  boiler  and  the  bottom  of  the  trap  should  be  at 
least  a  ft  above  its  water-lme.  A  pump  may  be  placed  any  distance  bdow  the 
water-line  of  the  boiler  and  at  a  conaderable  distance  from  the  boiler.  In 
hot-blast  heating  tiie  pump  and  receiver  are  generally  placed  near  the  heatiitg- 
stacks  and  fan. 

Tan-System  of  Wanning  and  Ventilating.  This  system  is  used  principally 
in  buildings  where  a  large  amount  of  ventilation  is  required.  The  principle  of 
the  system  is  the  forcing  of  large  volumes  of  air  over  or  through  a  heater  and 

"  The  vacuttiO'system  of  heating  was  &st  introdoced  to  the  heating  trade  in  thiscoai>- 
try  some  time  in  the  post  seventieB  \jy  N.  Y.  Williams,  a  heating  engineer  of  Philaddplna, 
Pa.  Hb  plan  was  to  plug  up  all  air-vents  and  to  attach  a  pump  to  the  main  retitak-pipe 
and  exhaust  all  air  and  water  from  the  steam-pipes,  coils  and  radiators  in  a  system.  The 
plan  was  an  improvement  to  the  many  poorly  constructed  plants  in  use  at  the  tine,  but 
it  was  not  a  complete  success  in  Itself.  It  would  snoRT-ciRCurr,  that  is.  the  pump  would 
act  oifly  on  a  portion  df  the  system.  The  Warren  Webster  Company  bought  "tbt  inven- 
tor's rights  and  some  other  patents  and  in  time  mtroduced  the  Webster  tbermoststjc 
valve,  which  is  now  used  in  all  their  work  on  all  radiators,  and  has  had  much  to  do  in 
making  their  system  a  sucoesa.  The  Paul  and  other  vacuum-systems  have  been  intro- 
duced since. 
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thence  into  the  rooms  to  be  warmed,  and  necessitates  a  fan  for  driving  the  air. 
It  may  be  successfully  operated  in  comiecticn  with  hot-air  furnaces  (see  F.  £. 
Kidder's  work  on  Churches  and  Chapels),  but,  as  a  rule,  the  beat  is  furnished 
by  indirect  steam  radiation.  An  ordinary  fan-heating  and  ventilating-plant 
consists  of  a  steam-boiler,  one  or  aaore  stacks  oi  steam-coilb,  a  fan  or  fans 
driven  either  by  a  small  steaip-engine  or  electric-motor,  receiver  and  pump. 
The  heating-coils  are  usually  cc^ected  in  a  stack,  over  which  all  of  the  air  for  the 
building  is  passed,  and  from  the  stack  the  air  is  drawn  or  forced  through  hot- 
air  pipes  to  all  parts  of  the  building.  Direct  radiation  may  also  be  employed 
in  connection  with  this  system  for  warming  the  halls  and  corridors  or  any  rooms 
which  do  not  require  ventilation.  This  system  is  espedaUy  adapted  to  the 
warming  and  ventilating  of  schools,  churches,  hospitals  and  pubHc  buildings, 
and  to  many  kiad»  ol  manufacturing  plants^  To  insure  successful  results, 
however,  it  must  be  laid  out  by  an  engineer  famiHar  with  this  system  of  heat- 
ing. Full  information  regarding  it  may  be  obtamed  from  the  American  Blower 
Company,  the  Buffalo  Forge  Company,  or  the  B.  F«  Sturtevant  Company. 

Pipe,  Fittings  and  Valves.  The  pipe  used  for  conveying  steam  oi  hot  water 
was  formerly  made  exdiisively  of  wrought  iron,  but  at  the  present  time  the  term 
vv'KOUGBT-iRON  PIPE  is  used  merely  to  distin^ish  wrought  from  cast  pipe. 
It  is  construed  to  mean  welded  pipe,  which  is  generally  made  from  soft  steel.* 
Persons  desiring  moN  pipe  should  specify  genuine  wrought-iron  pipe,  for 
which  an  extra  charge  is  made.  Up  to  the  present  time  the  pipe  made  of  steel 
has  not  been  as  soft  as  that  of  wrought  iron,  and  is  often  not  so  well  welded  and 
is  more  likely  to  split.  Nevertheless,  steel  pipe  is  much  more  extensively  used 
than  the  genuine  wrought-iron  pipe,  aftfaough  the  latter 
is  better.  Steam-pipe  is  put  on  the  market  m  three 
grades,  or  thicknesses,  standard,  extra  strong  and 
DOUBi£-EXTRA  STRONG  (see  tables  of  Wrought-iron 
Pipe,  pages  1275  to  1276).  Each  length  of  pipe  as  sold 
is  provided  with  a  collar  or  coui)Iing  (Fig.  19)  on  one 

end  and  has  a  thread  cut  on  tht  other.    Connections 

are  made  by  screwing  the  threaded  end  of  one  pipe   j^^  ^     Wnwght-inm 
into  the  coupling  on  the  other.    Pipe  is  sold  in  random        '      Coupling 
lengths  varying  from  16  to  24  ft.    With  the  exception 

of  couplings,  the  fitthigs  used  for  connecting  pipes  and  for  giving  them  any 
desired  cfirection  with  each  other  are  made  of  cast  and  malleable  iron.  For  use 
on  heating-pipes,  cast-iron  fittings  are  generally  to  be  preferred  to  those  of 
malleable  iron.    (See  Carpenter,  Heating  and  Ventihiting  Btnldings.) 

Ffttinga  for  Joining  Pipes.  For  joining  pipes  in  the  same  straight  line,  so 
as  to  make  a  continuous  pipe  from  end  to  end,  the  coupHng,  Fig.  19,  with  right- 
hand  threads  cut  in  both  ends  is  commonly  used.  With  right-hand  couplings 
it  b  impossible  to  disconnect  the  pipe  at  any  place  without  commendng  at  th^ 
farther  end  and  disconnecting  the  pipe  section  by  section.  Redudng-couplmgs 
are  made  for  uniting  pipes  of  different  sizes.  To  connect  two  lengths  of  pipe, 
so  that  they  can  be  dbconnectcd  at  that  point  without  intcciering  with  other 
joints»  three  kinds  of  cotuoections  are  in  use: 

(i>  Sight  and  left  CoopOngs.  The  most  common  fitting  for  joining  pipes 
2  in  in  <fiameter  and  imder.  It  requires,  liowever,  that  there  shall  be  room  for 
end-motion  of  one  of  the  pipes  sufficient  to  insert  it. 

(3)  lip-ITnionfl.  These  are  generally  used  on  pipes  up  to  iH  or  2  in  in  diam- 
eter where  It  is  desirable  to  have  a  joint  that  may  be  readily  disconnected. 

•SeeNatkmilTWteCnipKiir'BBaBdbook. 
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The  union  consists  of  three  pieces;  two  of  these  parts  screw  on  to  the  ends  of 
the  pipe  and  are  drawn  together  by  a  revolving  collar  which  engages  with  the 
thread  on  one  of  the  pieces,  as  shown  in  Fig.  20.  With  this  connection  no 
appreciable  play  is  required  in  the  piping.  Unions  are  now  commonly  used  in 
connecting  radiators,  the  union  being  attached  to  the  radiator-valve. 


Fig.  20.    Lip-union 


Fig.  21.    Flange-unioB 


(3)  Flange->niium8  (Fig.  21).  These  are  used  on  pipes  exceeding  2  in  in  diam- 
eter. The  two  parts  of  the  union  are  first  screwed  to  the  pipes  and  then  bolted 
together.  A  ring  of  packing  must  be  placed  between  the  flanges  to  make  a  tight 
joint. 

Nip|ile8  (Fig.  22)  are  frequently  used  in  steam-fitting  for  connecting  pipes, 
radiators,  and  sectional  boilers.  They  are  made  with  right  threads  on  both  ends 
or  with  a  right  thread  on  one  end  and  a  left  thread  on  the  other. 


HI.22L    Oow  Nipple 


Fig.  23.     Bushing  and  Plug 


Puah-Nip|ilM  are  made  with  ends  beveled  and  ground  perfectly  true,  so  as  to 
make  a  tight  joint  by  contact  of  the  metal.  Their  use  is  confined  to  radiators 
and  sectional  boilers. 

Bushings  (Fig.  23)  are  used  for  reducing  the  size  of  an  opening  in  a  fitting. 

Plugs  and  Caps.  A  plug  is  used  for  closing  the  end  of  a  fitting  and  a  cap  for 
covering  the  end  of  a  pipe.  A  great  variety  of  cast-iron  fittings  are  carried  in 
stock,  such  as  elbows,  tees,  crosses,  branch  tees,  Y  bends,  return-bends,  etc.. 
each  of  these  being  made  in  a  great  variety  of  sizes  and  shapes.  A  descni> 
{ion  of  them  may  be  found  in  the  catalogues  of  dealers  in  steam-fitters'  sup- 
plies. 

Valves  and  Cocks.  Three  classes  of  valves  are  used  in  steam-fitting,  globe 
valves  (Figs.  24  and  26).  gate-valves  (Fig.  25)  and  check-valves  (Figs.  29 
and  30).  The  valve  shown  in  Fig.  27  b  a  globe  valve,  but  is  commonly  desig- 
nated as  an  angle-valve,  the  term  globe  valve  being  commonly  restricted  to 
those  valves  which  go  on  a  straight  Ime  of  pipe.  In  the  gate-valve  (Fig.  25) 
the  disk  which  closes  the  opening  is  at  right-angles  to  the  pipe.  The  gate-valve 
when  open  offers  less  obstruction  to  the  flow  of  steam  or  water,  and  for  thii 
reason  is  largely  used  on  water-pipes.  Some  steam-fitters  contend  that  a 
gate-valve  should  not  be  used  for  steam,  except  on  the  main  return,  near  the 
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boiler.  A  disk-valve  (Figs.  26  and  27)  is  commonly  a  globe  or  angle-valve 
with  a  composition  disk  or  ring  similar  to  the  washer  on  a  compression-cock, 
which  fits  against  the  seat  of  the  valve.  A  Jenkms  disk  is  a  valve  in  which 
the  disk  or  the  entire  valve  b  made  by  Jenkins  Brothers.  The  common  globe 
valve  has  no  removable  disk  or  washer.    (See  Fig.  28.)    Disk-valves  should 


Fig.  24.    Brass  Globe  Fig.  25.    Brass  Gate-valve  Fig.  26.     Section  of  Disk 

Valve  with  Union  Globe  Valve 

always  be  used  on  steam-radiators.  All  valves  used  for  hot  water  should  not 
entirely  stop  the  flow  when  closed.  A  union  valve  is  a  globe  or  angle-valve 
with  a  union  on  one  side  of  the  valve.  Globe  valves  are  made  for  screw,  union, 
or  flange-connections,  although  the  latter  is  commonly  used  only  on  large  pipes. 
Globe  and  angle-valves  for  2-in  pipes  and  under  are  commonly  madt  with  brass 


Fig.  27.    Angle-valve  with  Fig.  28.     Showing  Obstniction  to  Flow  of  Water 

Union  and  Copper  Disk  in  Globe  Valves 

bodies  and  either  iron  or  wooden  handles.  The  larger  sizes  are  commonly 
made  with  iron  bodies.  Radiator-valves  should  have  brass  bodies  and  wooden 
wheels.  When  it  is  desired  that  radiators  shall  not  be  under  the  control  of  the 
occupants  of  the  room,  valves  operated  by  a  key  may  be  used.  Hot-water 
radiator-valves  may  also  be  had  with  pedal  attachments  so  that  they  may  be 
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opened  or  closed  with  the  foot, 
used  on  hot-water  radiators. 


Special  forms  of  quick-opening  valves  are  largely 


Obstruction  to  Flow  Offered  by  Globe  Valves.    When  globe  valv«s  are 
placed  on  horizontal  steam-mains,  the  stem  should  always  be  placed  in  a  hori- 
zontal position,  for  if  set  vertically  the  seat  of  the  valve  forms  an  obstr\ictioa 
sufficient  to  hll  the  pii)e  at  least  half  full  of  water,  as  shown  in  Fig.  28.    Because 
of  the  obstructions  which  they  offer  to  the  flow  of  water,  globe  valves  should 
not  be  used  on  hot-water  pipes.    A  check-valve  must  be  employed  where  it 
is  necessary  that  the  flow  shall  always  take  place  in  one  direction  and  there 
is  danger  of  a  reverse-flow.    A  check-valve  is  always 
required  on  the  water-supply  to  a  steam-boiler  and 
on  all  connections  to  high- 
pressure   boilers  below  the 
water-line  except  the  blow- 
off  pipes.    Check-valves  are 
of    three   kinds,   the    most 
common   iorm    being    that 
shown  in  Fig.  29,  which  has 
a  valve  which  slides  up  and 
down.    The  swinging  check- 
valve,  Fig.  30,  is  also  com- 
monly employed.     The  third 
kind  utilises  a  ball  in  place 
of  the  sliding  valve  for  closing  the  opening.    The  ball  check -valve,  however, 
is  not  much  used  in  steam-fitting.    A  cock  operates  by  means  of  a  turned 
plug  which  has  one  or  two  holes  bored  transversely  to  its  axis.    When  the  plug 
is  turned  so  that  the  hole  is  in  line  with  the  pipe  the  water  flows  through,  and 
when  the  plug  is  turned  the  water  is  shut  off.    Cocks  are  not  much  used  in 
steam-fitting,  except  on  the  blow-off  pipe. 


Fig.  29.     Common  T^pe  of 
Check-valve 


Rules  for  Proportioning  Radiating-Surface,  and  Size  of  Steam 
and  Hot-Water  Mains  and  Returns 

Loss  of  Heat  from  Buildings.  Formerly  radiating-surface  was  estimated 
by  dividing  the  cubic  contents  of  a  building  by  an  empirical  factor  which  varied 
from  50  to  150,  depending  on  assumed  conditions.  This  practice  is  now  aban- 
doned when  accuracy  is  desired.  The  method  now  generally  used  in  computing 
radiating-surface  is  to:  (i)  Compute  the  htet  required  to  warm  the  building 
under  consideration;  (9)  compute  the  radiating-surface  by  dividing  by  the 
amount  of  heat  given  off  from  i  sq  ft  of  radiation.  The  amount  of  heat  re- 
quired for  warming  may  be  found  by  referring  to  the  following  tables  prepared 
by  the  author: 


Loss  per  Square  Voot  per  Degree  Difference  of  Temperature  (Vahrenlieit) 
per  Hour  for  Windows 


Height  of  window 

3  ft  3  in 

6  ft  7  in 

10  ft 

13  ft  3  in 

16  ft  3  in 

LoM  in  Btu  per  square  foot  per 
degree  differeooe  of  temper^ 
aturo  per  hour 

0.98 

0.94s 

0.93 

0.9a 

0.91 

yGoogk 


Losfi  o!  ^tBt  fiom  BmkLmgs 


1239 


Fbr  multiple  glass,  maHiply  the  numbers  in  the  table  by  3/(1  +  n),  where  n  fa 
the  number  of  thicknesses. 


Amount  of  Heat  fai  Britiah  Thermal  Units  Paaaing  throuch  Walls  per  Square 
PmC  el  Ana  per  Degree  Otterance  of  T« 


Thickness. 
iirhet 

Single  wall 

Wan  with 
air-space 

Brick  or 
stone 

Wood- 

Brick  or 
stone 

4 
8 
xa 
i< 
z8 
ao 
34 

38 

33 

36 

40 

0.43 
0.37 
0.3a 
o.aS 
o.a6 
0.2s 
0.24 
0.3a 

0.31 
0.30 
0.18 

0.13 
0.06s 

0.04S 

0.031 

0.03 

0.039 

0.037 

0.03$ 

0.020 
0.018 

0.36 
0.30 
0.25 

0.31 
0.19 

o.tS 

0.17 

o.is 

0.13 

0.13 
O.IO 

*  This  experiment  appUes  to  solid  wood;  it  fa  evidently  of  little  use  when  applied  to 
wooden  buikiings,  since  these  buildings  generally  present  so  many  opportunities  for  loss 
of  heat  through  ocevices. 


Values  for  the  loss  of  heat  through  bnck  walb  given  by  Rccknagel  and  Reitchel 
correspond  very  closely  to  the  values  given  above.  They  also  give  values  for 
the  coefficient  of  heat-loas,  expressed  m  Btu  per  square  foot  per  hour  per  degree 
diffexenoe  of  temperature,  as  follows. 


Singl  e  window 1 .  03 

Double  window 0.472 

Single  skylight 1.090 

Double  skylight 0.493 

Doors ; 0.410 

Plaster  1.6  to  3.6  in  thick 0.615 

Plaster  3.6  to  3*3  in  thick 0.493 


From  the  preceding  pangrai)hs  and  tables  it  will  be  seen  that  the  heat-trans- 
mission through  ordinary  wafls  employed  in  building-structures  is  essentially 
one-fourth  that  through  glass,  and  glass  transmits  approximately  i  Btu  per 
square  foot  per  degree  difference  of  temperature  per  hour.  This  leads  to  the 
foHowhig  formula.  In  which  (r  ~  0  represents  the  difference  between  inside  and 
outside  temperatures,  G  the  gkss-surface  in  square  feet,  and  W  the  exposed 
wall^surface:  • 

To  this  formula  should  be  added  a  correction  for  the  leakage,  which  is  fre- 
quently expressed  as  a  function  of  the  cubic  contents.  For  residences  it  is  prac- 
tically equal  to  nC/ss  ,  where  C  is  the  cubic  contents  of  the  room,  and  n  is  the 
number  of  times  the  idr  is  changed  per  hour.    A  more  rational  methpd  for 
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computing  leakage  would  be  to  take  it  as  a  function  of  the  exposed  surface,  in 
which  case 

Heat4o88-/(G+HH')(r-/) 

in  which  I  has  a  value  from  iH  to  2. 

HMt  from  RadiAtiiig-SiufncM.  The  foUowing  tables  give  the  amount  of 
heat  in  Btu  and  also  the  weight  of  water  condensed  from  various  types  of 
radiation  on  the  authority  of  the  author. 


Heat-Units  Bmitted  per  Hoar  per  Square  Foot  from  Vaxioos  Snrfac—, 
Direet  Radiation,  Still  Ak 


DifiFerenoe 

ature. 
deg.P. 

gree  differeoce  of  temperature 

Total  per  square  foot  per  boor  • 

Horixontal  inpe,  diameter 

Horisontal  pipe,  diameter 

1 

6  in 

4  in 

sin 

xin 

6itt 

4  in 

2in 

itn 

Radiator,  height 

Radiator,  height 

40  in 
Massed 

surface 

40  in 
Thin 

34  in 
Massed 

lain 
Thin 

40  in 
MasMd 

surface 

40  in 
Thin 

24  in 
Massed 

lain 

Thin 

80 
90 
100 
no 
lao 
13P 
140 
ISO 
160 
170 
180 
190 
aoo 

I  40 
1.43 
1.47 
1. 51 
1. 54 
1.57 
1.61 
1.64 
1.66 
1.69 
1.7a 
1.7s 
i.7« 

1.58 
X.63 
1.66 
1.71 
X.74 
i.7« 
1.81 
1.S4 
1.87 
1.91 
1.94 
x.9« 
a.oi 

1.67 
1.72 
1.76 
1.80 
i.«4 
1.88 
191 
1.94 
197 
a.oa 
a. 05 
a. 09 

S  13 

a.  18 

2.24 

2.2B 

S.34 

3.39 
2.44 
2.48 
2.53 
2.57 
2.62 
2.6s 
2.71 
276. 

1x2 
128 
147 
166 
X84 
203 
223 
244 
265 
286 
307 
330 
356 

127 

147 
167 
188 

206 

230 
252 

276 
300 
324 
348 
375 
403 

T33 
153 
175 
19B 
319 
242 
266 
291 
316 
341 
367 
393 
415 

173 
199 
aaS 

as7 
a87 

318 

346 

37« 
410 
443 
475 
512 
552 

*  Results  divided  by  z  000  give  approximate  weight  of  steam  condensed  per  hour. 

Overhand  St6nm-Plpes.*  When  the  overhead  system  of  steam-heating  is 
empbsred,  in  which  system  direct  radiating-pipes,  usually  iM  in  in  dianneter. 
are  placed  in  rows  overhead  suspended  upon  horizontal  racks,  the  pipes  running 
horizontally  and  side  by  side  around  the  whole  interior  of  the  building,  from  2 
to  3  ft  from  the  wall  and  from  2  to  4  ft  from  the  ceiling,  the  ammmt  of  xH-in 
pipe  required,  according  to  C.  J.  H.  Woodbury,  for  heating  mills,  for  which  this 
system  is  deservedly  much  in  vogue,  is  about  i  ft  in  length  for  every  90  cu  ft  of 
space.  Of  course  a  great  range  of  difference  exists  due  to  the  spedal  character 
of  the  operating-machinery  in  the  mill,  both  in  respect  to  the  amount  of  air 
circulated  by  the  machinery  and  also  the  aid  to  wanning  the  room  by  the  fric- 
tion of  the  journals.  For  this  system  of  radiation  the  MiUs  qrstem  of  piping 
should  be  used.    (See,  also,  page  1232.) 

*  A.  R.  Wolff ,  Stevens  Indicator.  x88n 
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Anout  of  Heat  in  Biitiah  Theniul  Unht  and  Number  of  ^midi  of 
Steam  Coodensed  per  Hour  for  Different  Heating-Surfaces 


Heating-eurfao* 


Stkam.    Dirbct  RAOIXnOK 

Smooth  pipes,  vertical 

Smooth  pipes,  horizontal 

Pipe  coiled 

*Cast-iron  ribbed  radiators 


Stkam.  Indirect  radiation 
Pipe  coiled,  lower  than  3  ft  3  in 
Pipe  coiled,  higher  than  3  ft  3in 
^Cast-^ron  ribbed  heater,  lower 

than  3  ft  3  in 

'Catt-lnmribbed  heater,  higher 

than3ft3ifl 


HOT-WATCR.     DiRXCT  RADIA- 
TION 

Vertical-pipe  radiator,  one  row. 
Vertical-piperadiator.  two  rows. 
Verticalrpiperadiator.  over  two 


Smooth  pipe,  under  13  ft  long. 

vertical 

Smooth  pipe,  over  13  ft  lon|r. 

vertical 

Pipe  coiled 

•Cast-inm  ribbed  radiators 


HoT-WAiBR.    Indirect  radia- 
tion 
Pipe  coiled,  under  3  ft  3  in  high 
Pipe  coiled,  over  3  ft  3  in  high . 
*Cast-iron  ribbed  heater,  under 

3  ft  3  in  high 

*Caat-4ron  ribbed  heater,  over 
3  ft  3  in  high 


Low  pressure. 
Below  7.5  pounds 


Total 

Btu 

per  hour 


a6o  tears 
rts  to  295 
240  to  ate 
ISO  to  185 


405 
370 


295 
ate 


ISO  to  i6s 
140  to  155 

HO  to  145 

i6s  to  i8s 

185  to  ao5 

150  to  165 
85  to  1x0 


24S 
235 


I8S 
I7S 


Pounds  of 


condensed 
per  hour 


o. as  too. a6 
o.a6  too.aS 
o.a3  too. as 
0.15  to  0.18 


0.39 
0.35 


o.aS 
o.a? 


High  presstire. 
Above  7«5  pounds 


Total 

Btu 

per  hour 


3iSto33o 
33t>to3SO 
295  to  31S 
x8s  toaao 


450 
430 


325 
315 


185  to  aos 

175  to  19s 

i6stox85 

aos  toaao 

aaotoa4o 
i8s  to  aos 
ixo  to  140 


9>5 
295 


235 


Pounds  of 

steam 

condensed 

per  hour 


0.30  too. 31 
0.31  to  0.33 
o.a7too.a9 
0.17  too. at 


0.425 
0.4x5 

0.306 

o.agS 


*  These  cast-inm  radiatorB  have  only  about  two-thirds  the  capacity  of  the  American 
radiatoct. 

Size  of  Steam-HaliiB  and  Retum-Pipet 

Mr.  George  H.  Babcock  gives  the  following  rule  for  gravity  heating-systans 
with  separate  returns,  two-pipe  system:  "The  diameter  of  the  steam-mains 
leading  from  the  boiler  should  be  equal  in  inches  to  one-tenth  the  square  root 
of  radiating-surface,  mains  included,  in  square  feet. "  If  the  mdins  are  cov- 
ered they  may  be  n^ected  in  figuring  rsidiating-surface.  For  the  one-pipe 
basement-system  it  will  be  safe  to  use  one-ninth  instead  of  one-tenth  in  the 
above  role,  unless  the  pipes  are  very  long.  It  is  always  better  to  have  the 
mains  larger  than  is  necessary  rather  than  too  small.    Steam-maij^  should  never 

Digitized  by  VjOOQIC 


1242 


yT#^^g  mid  Ventilation 


Ptirt  3 


be  less  than  iH  in  in  diaiiieter.  Tkesiieiof  tetOEMthatinttpiwrentiifflctory 
for  given  aise*  of  ateem-maiBs  are  given  by  the  authav  at  foUoiP%  n»  return  to 
be  less  than  i  in  diameter: 


Diameter 

Diameter 

Diameter 

steasi'pipet 

f  et  um-pipe. 

Steam-pipe. 

return-pipe. 

in 

in 

in 

in 

iH 

X 

S 

aM 

2 

iH 

6 

3 

2H 

xW 

8 

3^i 

3 

iH 

9 

4 

3W 

xH 

xo 

4H 

4 

2 

xa 

5 

For  connecting  direct  radiators  with  the  single-pipb  system,  the  following 
sizes  of  pipes  should  be  used:  For  radiators  containhi^  24  sq  ft  or  under,  i-in 
pipe;  for  radiators  containing  24  to  60  sq  ft,  xH-in  pipe;  for  racfiators  coiitaii>- 
ing  60  to  180  sq  ft,  xH-in  pipe;  for  radiators  containing  above  100  sq  ft,  2-in 
pipe. 

For  Two-Pipe  Work.  Radiators  containing  48  sq  ft  and  under,  x-in  supply, 
H-in  return;  50  sq  ft  to  96  sq  ft,  iK-in  supply,  x-m  return;  above  96  aq  ft, 
i>i-in  supply,  iH-in  return. 

For  Indirect  Heating  it  will  usually  be  sufficiently  accurate  to  use  a  pipe 
whose  diameter  is  1.4  times  greater  than  that  for  direct  heating. 

Carrying  Capacity  of  Steam-Pipea 
Table  for  tka  Capacity  of  Steam-Plpw  tea  Feat  in  Langth  with  SapaiaCa 


By  A.  R.  Won 


Diameter 

Diameter 

a-Ib  pressure 

5-lb  pressure 

of  supply. 

of  return. 

Total  heat 

Radiatint- 

Total  heat 

Radiating- 

in 

in 

transmitted. 

surface. 

transmitted. 

surface. 

Btu 

.      sqft 

Btu 

sqft 

X 

9000 

36 

iscoo 

fe 

iH 

18000 

72 

30000 

120 

xVi 

iW 

30  000 

X30 

SOODO 

aoo 

2 

iV4 

70  000 

280 

120  000 

480 

2\i 

X33  000 

528 

220  000 

880 

3 

2\i 

32$  000 

900 

375  000 

xsoo 

3Vi 

2M 

330000 

1320 

550  000 

2200 

4 

480000 

X920 

800000 

3200 

4H 

090000 

^7«o 

t  150000 

4600 

5 

2M 

9J0OOO 

37ao 

XS50  0«> 

6200 

6 

3« 

X  Sooooo 

6000 

2500000 

xoooo 

7 

2250000 

9000 

37SOOOO 

15000 

8 

3200000 

12800 

S400  000 

JX600 

9 

4^ 

4450000 

17800 

7300000 

3D  000 

10 

5800000 

23200 

9750  000 

3P«o 

xa 

9350000 

37000 

IS  500  000 

«saoD 

X4 

X3  sooooo 

54000 

23  000  000 

»aooo 

16 

19  000  000 

76000 

32  sooooo 

130  000 

Googk 


CoVeEutg  of  Pipes  1^43 

In  the  precedixig  table  each  squAM  foot  of  radi»tmff*8iMrface  to  ftMttified  to 
transmit  350  heat-units  per  hour,  a aafc  and  conservative  cttitnate*  Fof  pipes  of 
greater  length  than  100  ft  multiply  roeuka  in  the  preceding  table  bf  tile  M}U6#e 
root  of  100  divided  by  the  lebgth.  In  all  cases  the  tength  is  to  be  tAken  a6 
the  equivalent  length  in  straight  pipe  of  the  pipe,  eUiowB  ami  valvtii.* 
For  other  lengths  multiply  above  results  by  fottowing  factors: 

Length  oC  pipe  in  f est leo     «eo4So)eo«O»:^0d8do^l066 

Factor 0.71    o.s<    o.|     0.45    tt-4<    <^3^    4<3J    o.ji    #.32 

for  HeC^Water  fieatlttg.  We  may  tak6  as  a  practical  rule,  applicable  when 
the  pipes  are  less  than  ^00  ft  In  length:  The  diameter  of  main  supply  or  main 
retom-pipe  hi  a  systetti  of  direct  hot-water  heating  should  be  one  pqie-size 
greater  than  the  square  root  of  the  ntimber  of  square  feet  of  radiatlng-surface 
divided  by  9  for  the  first  story,  by  10  for  the  second  story,  and  by  11  for  the 
third  story  of  a  building;  for  ladfr^t  hot- water  heating  multiply  above  results 
by  1.5.  In  HOT-WATER  HEATING  the  return-pipe  must  have  the  same  diameter 
as  the  supply-pipe,  and  the  capacity  of  both  should  be  equal  to  the  total  capac- 
ity ai  the  riacA.  For  eqaaliitfog  hti^irAm  thoi  the  tablet  on  page  tiyi  witl 
be  found  very  convenient.  The  standard  tapping  for  hot-water  radiators  is  as 
follows:  Rac^ators  containing  40  sq  ft  and  under,  i  in;  above  40  but  not  ex- 
ceeding 72  sq  ft,  xH  in;  above  73  sq.  ft,  xH  in. 

Boiler.  To  find  the  size  of  boiler  liecessary  to  supply  any  given  amount  of 
nuUatioOy  see  page  1230. 

CoTering  of  Pipet 

Prindplei  of  InsuUtton.  Steam  and  hot-water  mains  radiate  more  hdat 
in  proportion  to  their  surface  than  do  the  radiators  which  they  Mippty,  and 
unless  this  heat  is  needed  for  wanmag  the  space  thTotfg^  whkh  the  pnpes  pass, 
it  represents  a  very  material  loss  in  the  cottsttmption  of  fuel.  To  reduce  this 
loss  to  a  minimum,  it  is  customary  to  cover  all  pipes  in  Utifinlshed  basements 
with  some  insulating  substance.  The  saving  in  fud  effected  fiy  a  good  cov- 
ering will  more  than  pay  for  its  cost  in  a  few  seasons. 

"Th6  best  insulating  substance  known  la  air  eonfiiwd  in  miBute  partides  or 
cells,  so  that  heat  cannot  be  removed  by  convedtioa.  Nfr  fKi^nHug  can  eqtial 
or  surpass  that  o(  perfectly  still  and  sCAgliailt  «ir$  Md  the  talue  of  Most  Imlttlat- 
ing  substances  depends  upon  the  powec  of  holding  mfrrtrte  quantHleis  in  such  a 
manner  that  circulation  cannot  take  idaccf.  ThA  best  known  insulating  sub- 
stance is  a  covering  of  hair-fdt,  Wool,  or  eiderdown,  each  of  which,  however,  is 
open  to  the  objection  that,  if  kept  a  long  time  in  a  confined  atoHsphere  and  at  a 
temperature  of  150'  or  above,  it  becomes  brittle  and  pattly  loses  its  iilsnlatlhg 
power. 

"A  covering  made  by  wrapping  three  or  more  layers  of  asbestos  pspet,  each, 
about  yu  m  thick#  on  the  pipe,  covering  with  a  hcyer  of  halr-fett  N  In  In  thick- 
ness, and  wrapping  the  whole  with  canvas  ot  paper  k  much  used.  This  cover- 
ing has  an  effective  life  of  aboiit  fiVe  years  on  high-pressure  steam-pipes  and  ten 
to  fifteen  years  on  low-temperature  pipes.  There  are  a  Urge  number  of  cover- 
ings regularly  manufactured  for  use  in  such  a  form  that  they  can  be  easily 
applied  or  removed  if  desired.    There  i&  a  very  great  diffeBeace  in  the  va^  of 

*  In  esse  ihett  ire  beads  or  obstrtictfoits  CoadAet  thtf  length  of  pipe  mcreasad  as  foEowB: 
Right-aegis  elbew  46  dlAinMera;  ^dbe  valve  i»s  dkmetefs;  entrafiCe  to  Uft  60  diam- 
eltrs.  For  ebtaaring  the  dfaimMer  of  iieaiiHiMiri  to  he  \a66  hi  tiOK  thett  is  i  aiepaMt^ 
return  multiply  the  above  results  by  0.82.  For  indirect  heating  without  separate  return 
multiply  above  scMh*  ky  t^f  wttft  sepiiate  neCttTD  ase  the  Mtotts  hi  the  form  given. 
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thtBt  coverings;  some  of  them  are  very  heavy  and  contain  a  large  amount  of 
mineral  matter  with  little  confined  air  and  are  very  poor  insulators.  Some  are 
composed  entirely  of  incombustible  matter  and  are  nearly  as  good  insulators  as 
hair-felt.  In  general,  the  value  of  a  covering  is  inversely  proportional  to  its 
weight,  the  lighter  the  covering  the  better  its  insulating  properties;  other  thtngs 
being  equal,  the  incombustible  mineral  substances  are  to  be  preferred  to  onxi- 
bustible  material.  The  following  table  gives  the  results  of  some  actual  tests 
of  different  coverings,  which  were  conducted  with  great  care  and  on  a  suffi- 
ciently large  scale  to  eliminate  slight  errors  of  observation.  In  general*  the 
thickness  of  the  coverings  tested  was  i  in.  Some  tests  were  made  with  the 
coverings  of  different  thicknesses,  from  which  it  would  appear  that  the  gain  in 
insulating  power  obtained  by  increasing  the  thickness  is  very  slight  compared 
with  the  increase  in  cost.  If  the  material  is  a  good  conductor  its  heat-insulating 
power  is  lessened  mther  than  diminished  by  increasing  the  thickness  beyond  a 
certain  point."* 


Tests  Made  at  Sihlej  CoQege.  ConeU  Uoivenitr.  <a  Vastoos  Ptpe-Caverincs 


Naked  iripe I 

Two  layers  asbestos  paper,  i-in  hair-felt,  and  canvas  cover 

Two  layers  asbestos  paper,  i^^n  hair-felt,  canvas  cover,  wrapped  with  I 

Manila  paper | 

Two  layers  asbestos  paper,  i  in  hair-fdt j 

Hair-felt  sectional  covering,  asbestos-lined | 

One  thickness  asbestos  board | 

Pour  thicknesses  asbestos  paper 

Two  layers  asbestos  paper 

Woolpfdt,  asbestos  lined ' 

WooWfelt  with  airspaces.  asbestos>lined | 

Wool-felt.  pla«ter-of-Paris  lined 

Asbestos,  molded,  mixed  with  plaster  of  Paris I 

Asbestos,  felted,  pure  long  fiber ' 

Asbestos  and  sponge | 

Asbestos  and  wool-felt : 

Magnesia.  m<dded.  applied  in  plastic  condition 

Magnesia,  sectional 

Mineral  wool,  sectional 

Rock-wool,  fibrous 

Rock-wool,  felted I 

Possil  meal,  molded.  ^  in  thick 

Pipe  painted  with  black  asphaltum , 

Pipe  painted  with  light-drab  lead  paint , 

Glossy  white  paint 


loo.o 
IS. 2 

ISO 
17.0 
18.6 
594 
S0.3 
77.7 
23.1 
19  7 
as. 9 
31.8 

JO.  I 

l8.g 

ao.8 

2i  4 
18.8 
19  3 
ao.3 
ao9 
39  7 
105  5 
108.7 
95  o 


S«ctioiial  CoTeringt.  It  may  be  seen  from  this  table  that  magnesia,  as- 
bestos, and  mineral  wool  are  the  three  materials  most  valuable  for  the  covering 
of  steam-pipes,  as  wool  and  hair,  although  being  better  non-conductofs,  are 
short-lived  on  steam-pipes.    Wool  covering  is  extensively  used,  however,  oq 

*  IL  C.  Caxpeater,  in  Heating  aqd  Ventilating  BuikUapL 
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hot-water  pipes.  Sectional  coverings,  molded  and  formed  to  fit  different  sizes 
of  pipes,  are  on  the  market,  and  are  used  almost  exclusively  for  covering  steam 
and,  to  a  large  extent,  hot-water  pipes.  After  the  sections  are  applied  they  are 
ommionly  secured  by  lacquered  brass  bands.  The  fittings,  such  as  elbows  and 
tees,  are  usually  plastered  with  plastic  asbestos  or  magnesia  and  then  covered 
with  canvas  applied  with  flour  paste. 

The  foregoing  data,  in  connection  with  the  preceding  table,  will  enable  the 
reader  to  judge  which  kind  of  covering  is  likely  to  be  the  most  effective. 

H^-Water  Heating.  The  system  of  heating  by  hot  water  consists  of  dr- 
culating  hot  water  instead  of  steam  in  the  radiators.  The  boiler,  pipes  and 
radiators  are  completely  filled  with  water, 
the  flow  or  drculation-pipes  bdng  attached 
to  the  top  of  the  boiler  and  the  return-pipes 
to  the  bottom;  the  water  in  the  boiler  when 
heated  rises  and  circulates  through  the  pipes 
and  radiators,  parts  with  a  portion  of  its 
heat,  thus  becoming  colder  and  heavier, 
and  passes  down  through  the  return-pipes 
to  the  boiler,  where  it  is  again  h^ted. 
There  are  two  general  systems  of  hot-water 
heating,  (z)  the  open-tank  system,  and  (3) 
the  closed-tank  system,  or  pressure-s3rstem. 

(i)  With  the  open-tank  S3rstem  an  open 
expansion-tank  is  connected  to  the  heating- 
system  in  such  a  way  as  to  receive  the 
increase  in  the  volimie  of  the  water  due  to 
exjMUision  by  heat,  and  is  connected  with 
the  outside  air  by  a  vent-pipe,  so  that  there 
is  no  pressure  on  the  tank.  Btg.  31  shows 
the  common  type  of  expansion-tank. 

(3)  With  the  pressure-system  a  similar 
tank  is  used,  but  the  vent-pipe  is  closed 
and  a  safety-valve,  which  ^  open  when 
the  pressure  reaches  a  certain  point,  is 

placed  on  the  overflow-pipe.    By  increasing         .  pig.  31.    Ezpenskm-tank 
the  pressure  on  the  system,  the  water  may 

be  heated  up  to  the  tempeiature  of  low-pressure  steam,  and  hence  less  radiating- 
surface  and  smaller  pipes  may  be  used. 

The  open  system  is  more  generally  used,  although  the  closed  system  is  used 
occasionally.  The  closed  system  is  always  open  to  the  danger  of  a  serious 
explosion  from  the  safety-valve  becoming  inoperative  or  from  the  failure  of  any 
part  of  the  apparatus.  This  system  cannot  be  recommended  for  house-heating. 
The  Honesrwdl  and  other  moderate-pressure  systems,  using  a  mercury  scale 
in  the  connection  to  the  expansion-pipe,  are  safe.  Their  highest  pressure  of 
15  lb  raises  the  maximum  tempeiature  of  the  radiators  from  axa**  F.  to  aso**  F. 
With  the  open  expansion-tank,  about  the  only  chance  for  an  explosion  is  by 
the  stopping  of  the  expansion-pipe,  either  through  freezing  or  by  the  closing 
of  a  valve  in  the  pipe.  To  avoid  this,  no  stop  or  valve  should  be  placed  on 
the  expansion-pipe,  and  it  should  be  well  protected  from  frost.  It  is  usually 
taken  off  from  the  supply  to  one  of  the  radiators  in  the  upper  story  and  the 
tank  should  always  be  at  least  a  or  3  ft  above  the  highest  radiator.  The 
capacity  of  the  tank  should  be  somewhat  greater  than  one-twentieth  of  the 
total  cubical  contents  of  heater,  pipes  and  radiators. 
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Boiler  tad  RMUatttra.    Hot-water  radsatocs  have  the  aame  appeanuiec  b» 

steara-ndiatof8»  but  bb  a  rule  there  it  aslight  diflefence  in  the  iaterior  to  improve 
the  circulation.  Almoet  any  boiler  that  ii  suitable  for  ateaai«heatijic  caji  be 
used  for  hot-*wBter  heating,  and  most  of  the  aectamal  boilers  mentioaed  oa 
page  1239  are  used  for  both  lands  of  heating.  For  hot  water,  the  aafety^valve 
and  water-gauge  are  omitted.  For  residence-heating,  a  great  variety  of  snail 
boilers  eipedally  designed  for  hot  water  have  been  placed  on  the  nMriset,  nota- 
bly the  Ideal  Ptortahle,  Spencer,  Gumey  C40O  series)  and  Palaee  King.  Nasr^ 
all  of  these  beaters  are  made  up  of  a  number  of  horizontal  cs^t-mm  sections, 
which  are  bolted  together;  the  joints  are  packed  or  pu$h-mpples  ape  used  to 
make  them  water-tight.  The  flow-pipes  are  taken  from  the  top  of  the  upper 
section,  and  the  return-pipes  are  connected  with  the  lowest  section,  which  gen- 
erally forms  either  the  fire-pot  or  the  ash-iat.  The  successful  working  of  a  hot- 
water  heating-appentns  depends  veiy  la^y  upon  the  pioper  construction  of 
the  boiler.  It  fa  generally  admitted  that  in  an  efficient  hot-water  heater  the 
water  must  be  cut  up  into  small  portion^  so  as  to  heat  quickly,  and  the  whole 
arrangement  of  the  heater  should  be  auch  that  the  least  possible  resistance  is 
offered  to  free  circulation.  The  boQer  in  which  the  most  powerful  circulation 
is  maintained  with  the  least  consumption  of  fuel  is  the  most  satisfactory  as 
well  as  the  cheapest.  The  method  employed  in  connecting  the  joints  and  the 
farilitles  for  cleaning  fire-aurfaces  are  also  points  that  should  be  carefully  ex- 
amined. For  the  capacity  of  the  various  sizes  and  styles  of  heaters  the  archi- 
tect or  owner  must  depend  largely  upon  the  tables  given  by  the  manufacturers. 
A  hot-water  i^paratus  k  generally  filled  by  connecting  the  hpuse-supply  to 
the  return-pipe  at  or  near  the  heater.  Sometimes  a  supply  is  connected  with 
the  e^qMuston-tank  and  a  ball-cock  placed  oo  it  to  insure  that  thene  shall  always 
be  3  or  4  In  of  water  in  the  tank.  At  the  bwest  point  of  apparatus  a  draw-off, 
emptying-uxk,  should  be  placed,  to  empty  the  system  at  any  time.  The  appa- 
ratus should  be  kept  fuix  or  WAf  er  during  the  .summer  months.  This  excludes 
the  air  and  prevents  conoaion  or  oxidation  of  pipes. 

Syatem  of  Piping.  Three  systeiw  of  hot-watar  piping  axe  in  VQgw^  corre- 
sponding to  the  three  systems  descHbed  Cor  attam  hestingg 

(z)  The  Ov«diead  System,  in  which  the  hat  water  ia  first  ropdtrftsd  to  the 
highest  part  of  the  building,  usually  to  the  attic,  and  fn»m  thnce  dtstobiiied  to 
the  radktors  by  cetum-pqsts,  exactly  aa  in  the  MiMs  ayateM,  aaocpt  that  with 
hot  water  a  top  and  bottom  connectaoa  is  made  with  nadi  radiator  the  water 
flowing  into  the  radiator  at  the  top  and  eint  at  iht  hettoai.  Aa  impreveaieBt 
on  this  system  is  to  have  a  separate  return  for  the  cadMitars  aa  sa  the  two-pipe 
aystem. 

(3)  Two-npe  System.  TMs  is  the  system  fnoit  coiamoaly  used.  In  this 
S3rstem  the  mains  and  distribntSng  pipe  have  an  incHnelkm  otwasd  horn  the 
heater;  (he  returns  are  paraHd  to  the  maSn  and  have  an  faelfaiadon  dawBWmrd 
toward  the  heater^  connecting  at  its  lower  part.  Jhie  iow-pipea  ace  taken 
from  the  top  of  the  main  and  supply  one  or  raoie  radSaton.  The  retum-^isers 
from  the  radiators  are  connected  with  the  return-pipe  fn  a  flisgihw  maiitter.  In 
this  system  great  care  must  be  taken  to  produce  neaxiy  eqnal  resiiCanoe  to  flow 
in  an  brandies  leading  to  the  different  radlaton.  It  wiH  be  foand  that  in- 
variably the  principal  current  Of  lieated  water  wiH  take  the  path  of  least  cedst- 
ance,  and  that  a  small  obstruction,  any  inequality  in  piping,  etc.,  is  fuffrirnf 
to  make  very  great  differences  fn  the  amount  of  heat  roofed  In  dfiSenent  parts 
of  the  same  system.  For  instance,  two  branch  pipes  conneeted  at  opposite 
ends  to  a  tee,  which  Itsdf  is  connected  by  a  center  opeidng  to  a  rfaer,  are  ainiait 
certain  to  have  an  irregular  and  unccitaip -drqi^ation.    Where  iadSraot  nadia- 

le 


y  Google 


Hot-Water  Heatitig 


mi 


tion  IB  Mwi  in  ]|ot^«atir  bMting,  tba  fetum-pve  should  be  dfopped  htkm  the 
floor  and  all  f«tuni*rUerB  should  be  separate^  connected  with  the  main 
return. 

(3)  One-Pipe  System.  In  this  ^stem  a  single  pipe  is  run  around  the  base- 
ment as  in  the  one-pipe  steam-system,  except  that  the  main  hot-water  pipe  riiee 
from  the  boiler;  the  flow-pipes  are  taken  from  the  top  of  the  main  and  the  water 
after  pasting  through  the  radiators  is  returned  by  a  separate  pipe  which  is  conr 
netted  with  the  bottom  of  the  main.  With  this  system  the  water  in  the  main 
is  chilled  wherever  the  returns  are  connected  with  it,  so  that  the  radiators  at 
the  far  ead  of  the  system  cannot  be  heated  to  as  high  a  temperature  as  those 
which  receive  the  w^ter  as  it  comes  from  the  boiler.  A  larger  main  b  required 
for  this  system  than  for  ^atem  (a) .  For  small  jobs,  and  particularly  with  boilerv 
with  horieofital  sections,  thb  system  may  be  made  to  work  satisfactorily,  but 
the  two-i^pa  system  is  always  to  be  preferred.  For  hot-water  heating,  ipedal 
fittings  are  made  which  insure  a  more  positive  circulation  than  the  ordinary 
fittings  used  in  steaiil-l>piilg» 

Rules  fer  Compotinf  Radiatfaig^Swface,  diameter  of  pipes,  etc.,  are  given  op 
pages  1340,  I34Z,  and  is42* 

Location  of  Radiators  and  Piping.  Radiators  are  more  efficient  when 
placed  underneath  the  windows  or  on  inside  walls  not  fadng  the  windows. 
Concealed  radiators  are  very  inefficient  and  are  undesirable  fh)m  a  sanitary 
standpoint.  Indirect  radiators  should  take  cold  clean  air  from  outdoors  and 
be  arranged  so  that  they  can  easily  be  cleaned.  The  boiler  or  heater  should 
be  located  as  close  to  the  chimney  as  possible.  Steam  and  hot-water  pipes 
should  be  thoroughly  insulated  where  the  placing  of  them  in  outside  walls  or 
close  to  cold-water  pipes  cannot  be  avoided.  Supply  or  return-pipes  should 
not  be  nm  in  front  of  cellar  or  other  windows.  It  is  generally  cheaper  for 
the  owner  of  a  new  building  if  the  location  of  all  the  heating-apparatus  is  care- 
fully worked  out  on  the  drawings. 

PiintiAg  Radiators  may  increase  their  efficiency.  Recent  tests  by  John  R. 
Allen  at  the  University  of  Michigan  give  the  following  relative  transmission- 
value  of  radiator-paints;* 


TrenemiwtjeiHYalue  of  lUdiater-Paints 


Kind  of  surface 

Relative 
tranimission 

Bare  iron  surface 

1. 00 

o.7« 

o.7Sa 

l.ot 

0.956 

1.038 

0.997 

o.9»7 

X.OI 

Copper  bronse 

Bnow^hite  enamel 

Terra-cotta  exiamel 

Maroon  glass  Japan 

White-lead  paint 

Whita>anc  paint 

"  The  beat-tnuosmisston  depends  entirely  upon  the  hut  coat  pat  on." 

Fram  Netas  on  Heatlag  and  VeatiUtioa  by  John  R.  Alien,  published  by  the  Domertie 
Cooqwiy*  Chka«o,  III 
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Code  ol  SymboU  Uied  by  the  Intenutioiial  Corraspondence  Schoolc  to 
IndiMto  Details  in  Heating  and  Ventilating-Work 


SYMBOLS  FOR  PIPES  AND  FITTINGS 

Plp»4Iat    OM**nlT«     Gate-ralvt     dMckTAlM         KIlww  StbOTr.  Hm 


SYMBOLS  FOR  DUCTS  AND  ACCESSORIES 
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Comparative  Advantages  and  Disadvantagea  of  Steam  and  Hot- 
Water  Heating 

(i)  Safety.  An  open-tank  hot- water  system  with  no  valve  on  the  expan- 
sion-tank cannot  possibly  explode  unless  the  expansion-pipe  should  freeze* 
which  is  quite  unlikely.  With  steam  gross  carelessness  may  cause  an  explo- 
sion, although  explosions  of  gravity  heating-plants  are  quite  rare. 

(a)  Comfort.  There  is  probably  little  difference  in  this  respect  between 
steam  and  hot  water,  if  both  are  well  designed.  Hot-water  radiators  do  not 
become  as  hot  as  steam-radiators,  and  it  is  claimed  that  for  thb  reason  they  do 
not  dry,  or  scotch,  the  air  as  much  as  steam-radiators,  and  therefore  hot-water 
heating  must  be  more  healthful.  The  heat  of  a  hot-water  apparatus  can  be 
perfectly  controlled  by  either  the  fire  in  the  heater  or  the  valve  on  the  radiator, 
by  partly  closing  it;  whereas  with  steam-radiators  the  valve  must  be  wide  open 
or  tightly  closed.  Also,  with  a  hot-water  apparatus,  some  of  the  radiators  may 
be  run  at  their  full  capacity,  while  others  may  be  partly  or  entirely  shut  off  with- 
out causing  noise  or  in  any  way  interfering  with  the  perfect  working  of  the 
system.  A  hot-water  apparatus  is  perfectly  noiseless  in  operation,  there  being 
none  of  the  snapping  or  gurgling  noises  common  with  steam. 

(3)  First  Cost.  On  an  average,  a  hot-water  apparatus  costs  about  one-third 
more  than  a  steam  apparatus  to  do  the  same  work.  This  is  because  the  hot- 
water  apparatus  requires  nearly  twice  as  much  radiating-aurface,  larger  piping 
and  more  expensive  fittings. 

(4)  Economy  in  Running.  With  a  steam-heating  apparatus,  no  heat  is 
given  off  unless  the  water  is  kept  boiling,  while  hot-water  radiators  will  give 
off  heat  with  water  in  the  boiler  at  a  temperature  of  106"  F.;  ooosequently  m 
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modemtely  wann  weather  a  hot-water  plant  will  generally  keep  the  rooms  com- 
fortable with  a  less  consumption  of  coal  than  a  steam-heating  plant.  In  very 
cold  weather,  when  the  heating-apparatus  is  worked  to  its  fidl  capacity,  there 
is  but  little  difference,  if  any,  in  the  amount  of  coal  consumed  for  either  steam 
or  hot-water  heating  In  considering  statements  as  to  the  economy  of  differ- 
ent  heating-systems,  it  should  be  remembered  that  the  economy  of  any  heating- 
apparatus  dq;)ends  largely  on  the  way  in  which  it  is  run  or  upon  the  person 
having  charge  of  the  plant. 

DisadvantagM  of  Hot-Watar  Haating.  About  the  only  objections  that 
can  be  urged  against  hot-water  heating  are  the  increased  first  cost,  danger  from 
freezing,  extra  space  occupied  by  radiators*  and  the  fact  that  a  building  cannot 
be  as  quickly  warmed  by  hot  water  as  by  steam.  It  is  also  more  difficult  to 
secure  uniform  circulation  in  a  large  hot-water  plant  than  in  a  Urge  steam 
plant.  While  in  large  buildings  and  those  that  are  not  kept  warm  ail  the  time 
many  of  these  objections  are  of  considerable  importance,  they  do  not,  as  a 
rule,  hold  good  in  residences,  which  are  kept  at  a  uniform  temperature  and  in 
which  the  extra  size  of  the  radiators  is  of  little  consequence.  The  danger  of 
freezing  is  very  much  greater  with  hot-water  circulation  than  with  steam,  and 
on  this  account  hot-water  indirect  radiation  must  be  used  with  much  caution. 

Summary.  For  a  residence  of  eight,  ten,  or  twelve  rooms  probably  90% 
of  those  who  are  familiar  with  both  steam  and  hot-water  heating  would  recom- 
mend hot  water.  For  larger  residences  and  small  apartment-houses,  about  as 
many  would  recommend  steam  as  hot  water,  and  for  still  larger  buildings, 
probably  90%  of  the  heating  engineers  would  recommend  a  gravity  steam- 
system  or  either  the  Webster  or  the  Paul  system. 

Snmmary  of  Approved  Methods  for  Design  of  Steam  and  Hot- Water 
Systems  of  Heating.  For  convenience  of  application,  the  following  condse 
summary  of  approved  methods  of  computation  for  radiating-surface,  dimensions 
of  pipes  and  grate-surface  are  here  given.* 

(i)  Computiag  Bxpoaed  Wall-Snrface.  Compute  area  of  windows  and  out- 
side doors,  G,  and  one-fourth  the  exposed  wall-surface,  H  W,  for  each  room. 
In  computing  exposed  surface,  estimate  ceilings  and  partitions  adjacent  to  un- 
heated  rooms  as  from  jo  to  50%  exposed.    Denote  this  result  by  A, 

(a)  For  Direet  Radiation.  Compute  3%  of  the  cubic  contents  of  each  room. 
For  residence  heating,  take  once  this  quantity  for  second-  and  third-floor  rooms, 
twice  this  quantity  for  first-floor  rooms,  three  times  this  quantity  for  halls. 
For  office*rooms,  store-rooms,  or  bank-rooms,  twice  this  quantity;  for  large 
assembly-rooms,  lecture-halls,  churches,  etc.,  one-half  this  quantity  under  usual 
conditions.    Denote  this  result  by  B. 

(3)  For  Badiating-Sitrface,  Direct  Heating,  multiply  the  sum  of  the  results 
A  and  B  by  oae*fourth  for  steam-heating;  multiply  this  last  quantity  by  five- 
thirds  for  direct  hot-water  heating. 

(4)  For  Dimensions  of  Piping,  Direct  Heating,  use  the  tables  given.  The 
table  computed  for  one-pipe  systems  of  steam-heating,  commercial  sizes  of  pipes, 
will  apply  with  accuracy  for  dimensions  of  pipes  for  hot-water  heating,  both 
retum-{»pe  and  flow-pipe  being  of  dimensions  shown  in  the  table.  For  two- 
pipe  systems  of  steam-heating,  use  the  special  table  for  steam  and  return- 
pipes,  or  use  the  table  referred  to  above  for  steam-pipes  less  than  3  ia>  taking 
the  main  one  pipe-size  smaller  than  tabulated  when  above  3  in  in  diameter. 
Take  in  all  cases  the  diameter  of  return  from  the  special  table.    In  applying 

*  Taken  from  work  on  Heating  by  R.  C.  Carpenter.    _  . 
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tablc%  ia  all  caseB*  find  first  the  diameter  o£  braach«s  to  each  radiator;  fleooa^ 
the  diameter  of  submain;  and  third,  the  diameter  of  main  and  retiirn»  oon«> 
HK»diog  in  each  case  to  total  area  of  radiator  and  the  equivalent  leogth  of  pipe. 
The  equivalent  length  of  pipe  is  the  actual  length  inoeased  by  allowance  for 
elbows  and  bends  as  explained. 

(5)  For  lladlatliir*Sui^we»  Indirect  Heatinc,  multiply  the  result  A^^G+UW 
by  the  foUowiog  factors  for  steam-heating:  for  the  ftm  itoty,  by  6.y;  for  the 
second  story,  by  o.6;  for  the  third  story,  by  0.5.  For  bot>watcr  htMig,  Multi- 
ply each  result  as  abova  by  five-thirds. 

(6)  for  l>hiMiisioiis  ef  Piping,  tadlTMt  fieatidg,  use  the  ubia  given  for  tlie 
ont^pipe  system  of  steam-heating,  for  finding  thfe  diameter  of  the  steam-pipe  in 
•teafn-heating  and  for  the  diameter  of  flow-pipes  and  return-pipes  in  hot-Water 
heating.  Take  the  diameter  of  the  return-pipe  for  stcam^tokUng  from  the 
special  table.    IVibles  to  be  used  as  explained. 

(7)  Site  o(  AlN^ues,  tndkeet  tteating,  should  be  computed  on  the  basis  of  a 
cross^sectional  area  for  each  square  foot  of  sufface  fn  the  radiator  as  follows: 
Pbr  ftteam-heating,  from  t.j  to  2.0  sq  in  for  the  first  storyi  from  x.d  to  t.is 
ftq  in  for  the  second  story;  and  from  0.9  to  t.o  sq  in  fot  the  third  and  higher 
stories.  The  cold<^air  flue  supplying  any  radiator  should  haVe  o.S  the  atea  of 
crosB-sedion  of  that  of  the  hot-air  flue*.  The  vent^flues  from  the  ftibfil  tfboidd 
have  an  ana  equal  to  that  of  the  hot-air  flues  on  the  fltst  story»  and  from  to 
to  10%  greater  for  the  higher  stories.  For  hot-water  indirect  heating  the  area 
of  flue  may  be  two-thirds  as  great,  redtoned  from  area  of  radiatint^ttrfaca^ 

(8)  Dhaensieiia  ef  Itegisten  fMr  Suiiplyiag  Air  should  be  ^Uch  as  to  ^ve  a 
net  area  not  less  than  from  one  and  two-thirds  to  twice  tliat  of  the  section  of 
the  hot-air  flue;  for  ventilation  pUrpoies  the  net  area  should  be  ^0%  gicater 
tiian  tlie  cross-sectional  area  of  the  hot*air  flue. 

(^)  To  C•tt^ttte  the  tteatinr-Sarfaee  in  the  boiler  or  heater,  divide  the  total 
radiating-surface,  in  which  is  included  the  surface  of  all  uncovered  pipe,  by 
from  6  to  8  for  the  area  of  heating-surface  in  a  steam-btattT,  and  by  from  xo 
to  I  a  for  the  Area  of  the  heatiog-suHace  in  a  hot-water  lieater.  To  ootnpute 
the  AKBA  or  THE  QRAtE,  divide  the  total  radiating-surface  obtainad  as  before 
by  from  120  to  ftoo  foT  steam-heating,  and  by  from  aoo  to  joo  for  hot-water 
heating. 

(10)  To  Compute  the  Area  «f  the  SmolKe-Fiue,  first  find  the  total  radiating 
surface  as  explained;  if  for  steam,  obtain  the  diameter  of  the  flue  as  e<|ilained 
in  Professor  Carpenter's  work  on  Heating,  above  referred  to;  if  for  a  hot- 
water  heating-system,  multiply  by  0^6  to  reduce  to  equivalent  steam-radiation, 
then  proceed  as  before. 

Hot*Alr,  Staasl  and  Hot-Watar  Haating  in  Ratldancii 

Choice  of  a  System.  A  great  advance  has  been  made  of  late  years  in 
the  methods  of  heating  residences  and  in  the  apparatus  intended  for  tnat  pur- 
pose. While  it  Is  impossible  fn  this  book  to  treat  the  subject  in  detail,  it  is 
believed  that  the  fbllowing  Information  will  be  of  value  in  deciding  upon  the  kind 
of  heating  to  be  used,  in  selecting  an  efficient  apparatus  and  In  seeing  that  it  is 
properly  put  in.  In  deciding  upon  a  heating-apparatus  for  a  dwelling,  the  gov- 
erning conditions  are,  generally,  (t)  the  sl^e  of  the  building,  and  (2)  the  limit  of 
fir&t  cost.  When  the  latter  condition  Is  not  a  controlling  one,  the  cost  of  run- 
ning the  apparatus  should  be  given  the  first  consideration.  For  residences  of 
eight  or  ten  rooms  and  covering  not  more  than  x  aoo  aq  ft  of  ground  the  author 

le 


y  Google 


FurnaGe-Heating  1261 

fpould  recommend  hotnur  heating  by  means  of  a  good  furnace.  For  residenoet 
covering  i  400  sq  ft,  a  oomtiination  hot-air-and-water  system  ia  reoommendedf 
or  an  entire  hot-water  system.  For  still  larger  residences,  a  steam  or  hot* 
water  apparatus  should  be  used. 

Furnace-Heating.    For  warming  residences  not  exceeding  i  200  sq  ft  of 
ground-area,  the  author  believes  a  good  furnace,  properly  set  and  with  hot-air 
pipes  of  proper  size,  suitably  located,  will  give  the  best  satisfaction,  as  it  Is 
economical  in  first  cost,  easy  to  manage,  costs  little  for  repairs,  and  furnishes 
a  pleasant  and  healthy  heat  at  no  greater  ejcpense  of  nmning  than  for  steam  or 
hot  water.    The  most  common  defects  observed  in  furnace-heating  are  over- 
heating of  the  air,  vitiating  of  the  air  by  the  gases  of  combustion,  and  imperfect 
distribution  of  the  heat.    The  first  two  defects  may  be  entirely  avoided  if 
sufficient  care  is  exercised  in  the  selection  and  setting  up  of  the  furnace  and  in 
tending  the  fire,  and  the  last  defect  may  be  reduced  to  a  minimum  by  a  wise 
location  and  proper  proportion  of  the  flues  and  registers.    The  cause  of  the 
unsatisfactory  heating  of  a  great  many  houses  by  f umices  is  the  refusal  ol  the 
owner  or  builder  to  pay 
the  necessary  price  for  a 
first-class    furnace    and 
for  the  best  workmanship 
and  materials.  The  same 
carelessness    and    skin- 
ning that  is  sometimes 
permitted  with  furnace- 
work,  if  permitted  on  a 
steam  or  hot- water  ap- 
paratus, would  in  most 
cases  prevent  its  work- 
ing   at    all.      Furnace- 
heating  may  be  divided 
into  two  parts,  the  pro- 
duction of  heat  and  the 
DiSTRiBunoN  of  the  heat. 
The  former  depends  en- 
tirely upon  the  furnace, 
its  setting,  cold-air  sup- 
ply, draft,  kind  of  fuel 
and  attendance. 

The  Fomace.  In 
principle,  a  hot-air  fur- 
nace IS  simply  a  stove  j 
or  heater  incased  with 
iron  or  brick,  so  as  to 
form  an  air-chamber  be- 
tween the  heater  and  Fig.  32.  Typical  High-grade  Cast-irpp  Fumact 
casing*    The  air  enters 

at  tiie  bottom  of  the  chamber,  passes  over  the  heated  surfaces  of  the  heater, 
and  is  conducted  by  the  hot-air  pipes  to  the  various  rooms.  The  external 
surface  of  the  fire-pot  and  all  portions  of  the  heater  which  receive  heat  from 
the  fire  or  smoke  are  called  the  radiating-surface.  As  a  rule,  the  furnace 
which  has  the  greatest  radiating-surface  in  proportion  to  the  size  of  the 
fire-pot  will  give  off  the  most  heat  for  a  given  amount  of  fuel  consumed. 
As  the  amount  of  radiating-surface  largely  affects  the  weighty  of  a  fumacer 

Digitized  by  VjOOQlC 


1252  Heating  and  Ventilation  ,  Part  3 

and  the  latter  in  a  great  measure  the  selling  price,  it  is  obvious  that  the 
best  furnaces  must  cost  the  most.  It  is  true  that  one  furnace  may  have  its 
radiating-fiurfaces  better  arranged  than  another,  so  as  to  give  off  more  heat  for 
a  less  quantity  of  metal,  but  it  is  seldom  that  a  very  light  furnace,  particularly 
if  of  cast  iron,  is  a  good  heater.  Furnaces  should  be  so  designed  that  the  smoke, 
after  leaving  the  combustion-chamber,  must  travel  around  the  radiator  one  or 
more  times  before  finding  an  exit  to  the  chimney.  With  a  chimney-flue  of  proper 
size  and  topped  out  well  above  the  roof,  it  is  possible  to  make  the  smoke  travel 
a  long  distance  and  thus  obtain  great  economy  of  fuel.  The  best  furnaces  are 
designed  on  thb  principle.  Besides  having  a  large  radiating- surface,  the  furnace 
should  have  as  few  joints  as  possible,  and  should  be  arranged  so  as  to  be  easily 

cleaned.  Furnaces  are  made  of  cast 
iron,  wrought  iron  and  steel,  either 
used  singly  or  combined.  The  radiat- 
ing-surface  above  the  flre-pot  can  be 
made  more  cheaply  of  wrought  iron 
than  of  cast  iron,  and  in  certain 
arrangements  it  is  just  as  serviceable. 
While  there  are  excellent  furnaces 
made  of  wrought  iron  and  steel,  the 
author  believes  that  a  heavy  cast-iron 
furnace  is  the  most  durable,  and  can 
be  made  as  tight.  Some  furnaces  are 
made  chiefly  of  cast  iron,  but  with  air 
or  smoke-flues  of  wrought  iron  fitting 
into  cast-iron  sockets.  This  arrange- 
ment b  not  generally  approved,  as 
the  two  metals  expand  and  contract 
unequally,  thus  tending  to  open  the 
joints. 

There  are  so  many  types  of  fur- 
naces manufactured  that  it  is  quite 
impossible  to  go  further  into  details. 
It   nuiy   be  said,  however,  that  the 

furnace  shown  in  Fig.  32,  made  by 

Fig.  33.    Typical  High-g^e  Modem  Steel-   the  Richardson  &  Boynton  Compan>'. 
plate  Furnace  ^  representative  of  the  best  type  of 

cast-iron  furnace,  and  that  shown  in 
Fig.  33,  made  by  Isaac  A.  Sheppard  &  Company,  of  a  modem  steel-plate  fur- 
nace. Fig.  34,  of  which  the  Excelsior  Steel  Furnace  Company  arc  the  makers, 
shows  a  type  of  furnace  which  consists  of  a  plain  combustion-chamber  with  a 
steel  radiator.  This  radiator  is  divided  by  a  horizontal  partition,  so  that 
smoke  must  circulate  entirely  around  it  before  it  enters  the  flue.  This  fur- 
nace is  intended  for  soft  coal.  The  more  modem  furnaces,  constructed  for 
burning  soft  coal,  have  provision  for  the  introduction  of  preheated  air  into 
the  fire-box,  thereby  preventing  the  formation  of  soot  and  causing  thorough 
combustion  and  intense  heat.  The  one  shown  in  Fig.  32  b  a  hot-air-blast 
furnace,  and  is  supplied  with  air  at  a  high  temperature  for  either  hard  or  soft 
coal,  accelerating  and  intensifying  combustion  to  a  very  high  degree. 

In  the  Twentieth  Century  fumace  the  fire-pot  contains  celU  and  slots,  cast 
within  the  walls  of  the  pot,  which  admit  air  at  twenty  points  equally  dbtributed 
around  the  circumference  of  the  same.  By  reason  of  thb  admission  of  air  the 
fire  bums  from  the  top  down  and  from  the  circumference  toward  the  center; 
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causing  an  intense  heat  around  the  outside  of  the  bowL  This  furnace  can  be 
operated  successfully  with  steam-coal.  The  Thatcher  Fiunace  Company  are 
makers  of  a  tubular  iumace  that  seems  to  possess  considerable  merit.  The 
casing  surrounding  the  heater  may  be  of  bride  or  sheet  iron.  If  of  brick,  it 
should  consist  of  two  4-in  walk  with  a  space  between,  the  inner  wall  being 
generally  built  on  a  drcle  and  the  outer  one  on  a  square.  The  Brick-set  fur- 
naces are  not  as  common  as  they  formerly  were»  as  they  can  be  ^ased  as  well 
with  iron  and  without  occupying  so  much  space  in  the  cellar.  When  cased 
with  sheet  iron,  the  furnace  is  designated  as  portable.  Portable  furnaces 
should  always  have  two  casings  with  a  z-in  space  between  them.  The  inner 
casing  iltaay  be  of  black  iron,  but  the  outer  one  should  be  galvanized.  The  hot 
air  b  thrown  into  the  pipes  better  if  the  top  of  the  casing  is  truncated,  as  in 
Fig.  33. 


HOT      AIR 
" »    r    T     1   ■        ^i 


Hg.  34.    Cottnectk>n  of  Cold-air  Duct  with  Furnace 

Cold-Air  Supply.  In  a  house  heated  by  a  furnace,  the  temperature  of  the 
rooms  is  maintained  by  a  constant  incoming  current  of  hot  air,  and  it  is  abso- 
1.UTEI.Y  NECESSARY  for  satisfactory  heating  that  proper  provision  be  made  for 
supplying  this  air  to  the  furnace,  and  on  no  account  should  a  hot-air  fiunace  be 
used  without  being  provided  with  a  direct  supply  of  air  from  outside  the  building.  | 
In  dwellings  this  may  be  best  accomplished  by  putting  an  opening  in  the  external  < 
wall  just  beneath  the  first-floor  joist  and  as  far  above  the  ground  as  the  elevation 
<q/L  the  building  will  permit    From  this  opening,  which  ahouki  bepovered  with 
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galvanised  wire  tutting  of  about  H-in  liicsh,  a  duct  or  flw  OhtM  be  cArfff«d 
to  the  air-pit  under  the  furnace,  as  ^iowd  in  Fig.  34.  The  duct  may  be  eHlier 
cartied  faorltontally  under  the  basement-ceiling  until  near  the  fnniace  and  tben 
dropped  to  the  air-pit,  or  it  may  be  carried  down  Ikgidnst  the  edfair-wall  and 
thenoe  under  the  floor  to  the  furnace.  The  portion  of  the  dUct  above  the  floor 
riiould  be  built  of  well-seasoned  matched  boards  or  of  galvanized  iron.  The 
portion  bekm  the  floor  should  be  constructed  either  of  stone,  brick«  of  glased 
tile,  and  should  be  tightly  cemented.  If  of  brick  or  stone,  the  duct  sbould  be 
covered  with  stone  slabs  with  the  edges  roughly  dressed  and  the  joints  cemented. 
The  air-ducts  should  not  be  carried  under  the  floor  if  the  soil  is  at  all  dampv  nor 


Fig.  35.    Fouadatioo  and  Pit  for  a  PorUble  Furnace 

near  any  drain.  Pig.  35  shows  the  form  and  construction  of  the  foundation  and 
pit  of  a  portable  furnace.  Besides  the  external  afavsupply,  it  is  also  a  good  idea 
to  have  a  smaller  air-duct  leading  from  a  registtf  in  the  front  baD  to  the  base 
of  the  furnace.  This  duct  may  be  of  wood,  tin,  or  galvanised  iron,  and  may 
be  connected  either  with  the  base  of  the  furnace  above  the  floor  or  feed  into 
the  outside  duct,  but  care  should  be  taken  to  prevent  the  air  from  blowing 
from  the  outside  duct  up  through  the  inside  one.  An  inside  duct  will  produce 
a  better  circulation  of  air  through  the  house,  and  on  very  cold  nights  the  out- 
side duct  may  be  shut  off  and  the  air  taken  entirely  frcnn  the  front  hall,  as  the 
air  from  this  source,  having  nothing  to  contaminate  it,  will  be  reasonably  pure. 
The  Hot-Air  Pipes  and  Registera.  The  pipes  which  convey  the  heated 
air  from  the  furnace  to  the  various  rooms  should  be  of  bri|^  IX  tin  for  sizes 
less  than  14  in  in  diameter  and  of  No.  a6  galvanized  iron  for  larger  sixes.  All 
pipes  below  the  basement-ceiling  should  be  round,  and  for  the  best  work  shouki 
be  covered  with  asbestos  papier,  pasted  to  the  pipe  with  a  specially  prepared 
paste.  The  vertical  hot-air  pipes,  to  rooms  in  the  second  or  third  stories,  are 
frequently  termed  stacks.  They  usually  pass  up  between  the  studs  of  the 
partitions  in  the  lower  stories,  and  are  necessarily  shallow.  For  medium-cost 
and  low-cost  houses  the  stadts  are  usually  made  3H  in  deep^  of  one  thickness 
of  tin,  and  wrapped  vrith  asbestos  pape^  pasted  on  the  tin.  Two  thicknesses 
of  asbestos  paper  are  but  slightly  better  than  one.  t>ouble-  waOed  statks  greatly 
reduce  the  fire-haxard  to  about  that  of  steam-heating.  For  a  better  dass  of 
buildings  double  pipes  are,  or  should  be,  used  for  the  stackil.  These  stacks  have 
an  air-space  between  the  outside  and  inside  pipes,  affording  a  circulation  of  air, 
which  makes  the  stacks  absolutely  safe,  thus  obviating  ttie  necessity  of  iron  lath 
in  front  of  the  stack.  The  table  on  page  1266  gives  the  sixes  and  dimensions 
of  safety  double  hot-air  stacks  made  by  the  Excelsior  Sted  Furnace  Company. 
Ifi  providhijr  for  hot'ttlr  stackii,  it  should  be  remembeftri  that  the  friction 

Digitized  byVjOOQlC 


Fuiaaoc-Hcatiiig  1266 

asminst  the  sidtf  of  the  ^pet  hogeiy  affocts  the  volume  of  air  conveyed,  and 
that  cooicquently  a  round  pipe  is  always  to  be  prefcned  to  a  iquate  oae,  and 
a  squaxe  pqie  to  a  aballow  pipe.  In  latge  randenoe%  s-in  or  d-tn  studding 
should  be  used  for  partitions,  so  that  Unoker  pipes  may  be  used.  Brick  flues 
should  not  be  used  for  conveying  hot  air,  as  the  loss  of  heat  fay  absorption  is  very 
great,  and  economical  results  cannot  be  obtaiaed.  The  hot-air  regbtcia  should 
be  set  in  double  ngister-boxcs  made  of  tin,  and  the  bottom  ol  esch  stack  should 
terminate  in  a  boot  or  footw 6,  aitanged  ia  such  a  way  as  to  insure  the  quick 
and  ea^  flow  of  hot  air  from  the  ieed^pipe  into  the  stack. 

Vantilatioii.  A  hot-air  fumaoeijlant,  pmperly  put  in,  wOl  fumbh  a  good 
supply  of  fresh  air,  and  therefore  afford  faiif^  |^K>d  ventilatioii,  if  means  are 
provided  for  carrying  off  the  foul  air  in  the  rooms.  The  warm  air  entering  a 
room  must  of  necessity  force  out  an  equal  quantity  of  the  air  already  in  the 
room;  exits  ate  often  found  ia  the  spaces  around  the  doors  and  windows,  bnt 
these  are  ruely  sufficient  to  cany  away  the  air  as  fast  as  it  would  enter  if  un- 
impeded. Fireplaces,  especially  if  kept  in  use,  afford  eicellent  ventilation.  A 
good  anangemcnt  for  obtaining  ventilation  is  by  building  a  laige  flue  in  a  central 
chimney  and  using  a  galvanited-ltoa  sraoke-stadc,  placed  ia  tlie  middle  of  it, 
for  the  furnace.  The  space  lurroundiiig  the  smoke-pipe  may  then  be  used  for 
ventilatioa  and  ducts  from  different  rooms  connected  with  it.  Cold-air  or  exit- 
RgisteES  should  be  placed  in  rooms  likely  to  become  air-bound.  The  space 
between  two  studs  of  an  inside  wall,  il  left  open  to  the  attic  wfll  form  an  efficient 
exit  air-flue. 

Location  of  Fnraaoe.  Unon  the  location  of  the  furnace  the  successful 
heating  of  the  house  often  depends,  and  it  isA  matter  that  requires  careful  con- 
sideradon.  As  a  general  rule,  the  furnace  should  be  located  in  the  basement, 
near  the  middle  of  the  space  occupied  by  the  registers,  and  a  little  nearer  the 
side  from  which  the  prevailing  winds  come  In  winter.  The  tendency,  in  hot- 
air  heating,  when  the  wind  is  blowing  strong  in  severely  cold  weather,  is  for 
the  rooms  on  the  further  side  of  the  house  from  the  wind  to  be  overheated, 
and  for  those  against  the  wind  to  be  poorly  heated,  the  registers  on  the  wind- 
ward adc  delivering  scarcely  any  hot  air.  Therefore,  to  counteract  this  tend- 
ency, the  furnace  should  always  be  placed  a  few  feet  toward  the  windward  side 
of  Uie  building,  provided  this  does  not  make  the  pipes  to  the  general,  or  family, 
living-rooms  longer  than  the  others.  The  height  of  the  basement  should  be 
such  that  the  ieaoers,  or  horizontal  hot-air  pipes  below  the  basement^cefllng, 
may  have  a  pitch  of  iH  in  per  running  foot  upward  from  the  furnace.  If  there 
is  no  inclination  to  these  pipes,  the  first-story  rooms  wiU  be  heated  with  difficulty. 
For  a  residence  of  ten  rooms  the  furnace-room  should  have  a  clear  height  of  at 
leastyftdfaL 

Cold-Air  Openiag.  If  only  one  eictemal  cold^afr  supply  Is  used,  it  should  be 
taken  from  the  direction  from  which  the  prevailing  winds  come.  For  build- 
ings in  exposed  situations  it  is  desirable  to  have  a  cold-air  supply  from  the 
opposite  side  of  the  building  also,  and  to  connect  the  ducts  and  furnish  each 
with  a  damper,  so  that  either  duct  may  be  used,  according  to  the  direction 
of  the  wind.  Cases  have  been  known  where  the  wind  blowing  from  the 
opposite  direction  of  the  cold-air  supply  has  sucked  the  air  from  the  house  through 
the  furnace  and  coM-air  duct,  thus  actually  reversing  the  natural  operation  of 
the  furnace.    Two  supplies  irill  obviate  thb  posslbifity. 

location  of  Sttcka  and  Registers.  To  insure  the  best  results,  the  location 
of  furnace,  stacks  and  registers  should  be  planned  out  before  the  work  of  con- 
struction begins,  for  while  the  building  need  not  be  planned  to  suit  the  heating- 
apparatus,  it  alBMt  always  taftpfKRa  that  Ui0a0ttiog  of  the  i^rtttiODs,.swinging 
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of  doors,  aod  placing  of  studs  and  joists  can  be  arranged  so  as  to  favor  the  placing 
of  stacks  and  registers,  without  seriously  affecting  any  desired  arrangonent  of 
the  pUn,  and  this  can  be  done  much  better  on  the  plans  than  after  the  house  is 
sUrted.  It  is  generally  conceded  that  the  hot-air  stacks  should  be  placed  in  tbe 
partitions  and  as  near  to  the  furnace  as  practicable,  and  that  all  horizontal 
branches  should  be  as  short  as  possible,  as  the  air  traveb  much  slower  in  the 
horizontal  branches  and  more  heat  is  lost  from  radiation.  The  registers  should 
be  placed  as  near  the  stack  as  possible;  th^  should  not  be  placed  near  the 
windows,  nor  where  the  doors  will  swing  over  or  against  them,  nor  in  the  floor 
near  an  open  fireplace.  Whether  the  register  shall  be  placed  in  the  floor  or  in 
a  partition  is  a  matter  that  should  be  decided  by  the  owner.  The  circulation 
from  a  wall-register  is  not  as  good  as  horn  one  placed  in  the  floor,  and  the 
wall  above  the  register  generally  becomes  disooloied  after  a  time  by  the  dust 
that  is  occasionally  blown  up  through  the  pipes.  Floor-registers  catch  much 
dirt  and  many  owners  object  to  having  their  carpets  cut.  The  author  bdievcs 
that  it  is  better  to  have  the  registers  placed  in  the  wall.  The  inclined  base- 
board registers  should  be  used  instead  of  floor-registers  wherever  possible. 
Convex  registers  are  to  be  preferred  for  walls,  as  th^  deliw  more  air  than 
do  the  ordinary  flat  registers.  It  sometimes  happens  that  the  stacks  must  be 
put  in  an  outside  wall.  When  this  is  the  case,  the  stack  should  be  double  and 
wrapped  with  asbestos  paper.  Stacks  should  not  be  placed  in  outside  walls, 
however,  when  it  is  possible  to  place  them  elsewhere. 

Galcvlationt  for  Siaa  of  Furnace,  Pipes  and  RegltCera 

Rules  for  Furnace-Heating.*' From  the  formulas  given,  the  following 
rules  can  be  deduced,  it  being  understood  that  the  equivalent  glas»-surface  is 
equal  to  the  area  of  windows  and  doors  plus  one-fourth  that  of  the  exposed  wall 
expressed  in  square  feet: 

(i)  To  find  area  of  grate  in  square  inches:  Divide  equivalent  ^ass-surface  in 
square  feet  by  1.25  or  multiply  by  0.8.  * 

(2)  To  find  area  of  flue  for  any  room  in  square  inches:  Divide  equivalent 
^ass-surface  in  square  feet  by  1.2  for  first  story,  by  1.5  for  second  stoiy,  by  1.8 
for  third  story. 

(3)  Make  area  of  vent-flues  0.8  of  hot-air  flues. 

(4)  Make  area  of  cold-air  box  0.8  of  given  areas  of  hot-air  flues. 

(5)  Take  area  of  chimney  smoke-flue  in  square  inches  as  one-twelfth  that  of 
grate,  with  i  in  added  to  each  dimension. 

Pipes  and  Registers.  The  tables  given  in  various  books  and  catalogues  for 
the  size  of  pipes  and  registers  vary  a  great  deal  and  must  be  used  with  consider- 
able judgment.  The  table  on  page  1357  appears  to  the  author  to  be  as  rdiaUe 
as  any. 

This  table  gives  different  sizes  of  hot-air  registers  used  in  furnace-practice^ 
together  with  the  equivalents  of  the  capacity  of  the  same  in  round  leadCT-pipes 
from  furnace,  with  an  elevation  of  at  least  i  in  to  the  foot;  also  the  equivalent  in 
riser-pipes  (or  stacks),  and  also  the  cubic  feet  of  space  in  first,  second  and 
third  stories  which  said  registers,  with  their  proper  round  and  square  pipes,  will 
heat.  The  table  is  based  on  normal  conditions,  with  runs  of  pipe  of  usual 
length,  and  is  intended  to  show  the  size  of  registers  and  pipes  necessary  to  raise 
the  temperature  of.  air  from  zero  outside  to  70^  F.  inside,  within  reasonable  time, 
without  fordng.  The  sizes  that  arc  marked  with  an  asterisk  are  those  rec- 
ommended for  general  use.    The  larger  the  register  the  less  resisUnce  to  the 

*  R.  C  Carpenter's  Heating  and  VcntilatiBg  of  Buildii«a. 
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flow  of  the  heated  air,  but  sixes  mentioned  wH  pcoduoe  good  results,  and,  being 
stock  sizes,  will  always  be  found  in  stock.  In  planning  work  arrange  to  use  the 
sizes  referred  to.  It  should  always  be  borne  in  mind,  however,  that  uniform 
beating  does  not  depend  so  much  upon  the  actual  sizes  of  the  pipes  as  upon 
the  szLAtiVE  sizes.  For  example,  in  a  two-story  house  of  eight  rooms  of 
EXACTLY  THE  SAME  SIZE  and  the  Same  amount  of  wall  and  glass-area  the  best 
heating-results  will  be  obtained  not  by  using  the  same  size  of  pipes  for  all  the 
rooms,  even  if  the  pipes  are  of  ample  capacity,  but  by  carefully  proportioiiing 
the  sizes  of  the  pipes  according  to  the  exposure,  length  of  the  leaders,  and 
location  of  the  room  in  either  the  first  or  second  story.  The  registers  in  the 
rooms  with  north  and  west  exposures  should  be  a  Kttle  nearer  the  furnace,  if 
possible,  than  the  others,  and  the  pipes  to  the  first  story  should  be  larger  than 
those  leading  to  the  second  story.  The  International  Heater  Company  states 
that  I  sq  in  of  capacity  of  hot-air  pipe  will  heat  50  cu  ft  in  stores  and  90 
cu  ft  in  diurches  when  there  is  but  one  pipe  directly  over  ^e  furnace. 


Table  of  Capacity  of  Hot-Air  Pipes  and  Registers 

Size  of 

register, 

in 

EQuivalent 
in  round  or 
leadei^pipe. 

Equivalent 
in  square  or 
riser- pipe. 

Space  in 

first  story 

same  will 

heat. 

Space  in 

second 

stoiysame 

wiU  heat. 

Space  in 

third  stoiy 

same  will 

heat. 

in 

in 

Cttft 

cuft 

cuft 

6X8 

6 

4X  8 

400 

450 

500 

•8X  8 

7 

4X10 

450 

500  . 

S6o 

•8X10 

8 

4XX0 

SOO 

8S0 

880 

•SXia 

8 

4XXX 

800 

xooo 

xoso 

•9x1a 

9 

4Xia 

1050 

laso 

x3ao 

•9X14 

9 

4XX4 

1050 

X3S0 

X450 

•loXia 

xo 

4XX4 

xsoo 

1650 

X800 

•10X14 

xo 

6Xxo 

x8oo 

aooo 

aaoo 

10XX6 

xo 

6XX0 

x8oo 

aooo 

aaoo 

iaXx4 

XJ 

6XU 

aaoo 

3300 

asoo 

•laXiS 

12 

6Xxa 

aaso 

3300 

asoo 

•laXi? 

12 

6X14 

aaoo 

a6oo 

aSoo 

iaXi9 

U 

6X14 

aaoo 

a6oo 

aSoo 

•X4XI8 

14 

6X16 

aSoo 

3000 

3aoo 

•l4Xao 

14 

6X16 

apoo 

3000 

3aoo 

•x4Xaa 

X4 

SXi6 

3000 

3800 

3400 

•i6Xao 

x6 

8Xx8 

3600 

4000 

4250 

•i6Xa4 

16 

8X18 

3700 

40QO 

4350 

•aoXa4 

IS 

loXao 

4800 

S400 

5  750 

•aoXa6 

ao 

ioXa4 

6000 

7000 

7450 

*  Sizes  recommended  for  general  use. 

Cold-Air  Box.  The  sectioiuil  area  of  the  cold-air  box  should  be  equal  to 
three-fourths  of  the  aggregate  sectional  area  of  the  leaders.  The  box,  or  duct, 
should  be  10  or  13  in  deep,  for  dwellings,  and  wide  enough  to  give  the  required 
sectional  area.  It  should  also  always  be  provided  with  a  damper,  so  that  the 
supply  may  be  regidated  to  the  heavy  winds  and  extreme  oold  weather. 
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SpedissCiMu  te  FanaM^Work 

The  following  form  is  given  as  a  guide  to  architects  in  preparing  the  specifi- 
cations for  fumace-woriL: 

SPECmCATIONS  rOR  FUSNACK-WOEK  IN  RESIDENCE  7Q&  Me TO  B£ 

BUILT  AT 

,,.,  .ASCBITSCT 


Furniah  and  set  up  oonq)lete»  where  shown  on  basement-pUn*  one 
^o.  ^-  ■■  ■  ■'  fumaoe,  portable>patteni,  with  double  casings.  Cbmiect  tlie 
lurnacs  with  tlie  chimney  with  a  No.  24  galvam2ed-imn  smoke-pipe  of  the  same 
WEO  as  the  collar  on  the  fumace;  ail  beads  or  tqnis  to  be  made  with  thneeisiflcse 
albowBt  the  pipe  to  be  strongly  supported  by  wire,  and  to  be  kept  12  in  below 
the  oeiiing. 

Air-Pit  Excavate  for  and  build  a  cold-air  chamber  under  the  fqmace  not 
less  than  18  in  deep,  vrith  S-in  bride  waHs,  laid  and  pUstered  with  cement;  also 
cement  the  bottom  of  the  chamber.  Build  the  cold-air  duct  under  cdlar-fioor, 
where  shown  on  plan, — 'ft  long,  14  in  deep  in  the  dear,  and — in  wide,  with 
sides  of  hard  brick  in  cement,  and  with  the  sides  and  bottom  smoothly  plastered 
with  cement.  Cover  the  duct  with  $-in  flagstones  with  tight  joints,  leaving 
opening  of  proper  size  for  the  wooden  boE  to  be  built  by  the  carpenter  (wooden 
box  should  be  included  in  carpenter's  specifications). 

Het-(Alr  PIpea.  Furnish  and  properly  connect  with  furnace  and  register-boxes, 
leaders  and  stacks  of  the  following  sizes,  all  to  be  made  of  bright  IX  tin,  and  the 
stacks  are  to  be  double  with  an  air-space.  All  turns  in  leaders  to  be  made  by 
three-piece  or  four-piece  elbovrs,  and  the  stacks  to  have  boots  or  starters  of 
approved  pattern. 

Sizes  ef  Pipes  and  Segistevs 


H«n ly'leader  Nostack  ia"X is" register 

Parlor ic/Meader  4"Xi4"8tadt  xo"Xia" register 

Dining-room la"  leader  e"Xi»"  stack  i2"Xis''«gi«tcr 

Library io"leader  4"Xi4"8tack  K/'Xia^regiflter 

Chamber  No.  1 9"  leader  4"Xi4"  stack  9"X  14"  register 

Chamber  No.  a 9"  leader  4"Xi»"  stack  9"Xi2^  register 

Chamber  No.  3 8"  leader  4"Xie"  stack  8"Xio"  register 


Regfatera.  All  registers  are  to  be  of  sizes  given  in  the  foregoing  Ust,  of  the 
Tuttle  &  Bailey  manufacture,  Japanned,  except  those  in  the  first  story,  which 
are  to  be  dectro-bronze-plated.  All  floor  registers  are  to  be  set  in  iron  borders 
corresponding  with  the  registers. 

Register-Boxes.  All  register-boxes  to  be  made  double;  for  first-stoiy  boxes 
the  JOISTS  ARE  TO  BE  LINED  WITH  TIN  and  provided  with  ceiung-plaixs  the 
full  size  of  register,  with  plaster-collar  attached,  so  that  pipes  and  boxes  can  be 
rempved  without  disturt>iag  the  plastering  or  defaring  the  cdliog^ 

IfiseaOaaaDas.  AH  bofisoBtal  pipes  in  the  basemcBt  are  to  bs  immd,  sod 
where  they  pass  through  partitions  they  are  to  be  provided  with  ooUais,  so  tbtt 
the  pipes  can  be  removed  without  disturbing  the  plasisrinc.  All  leadets  an  to 
be  provided  with  dampsfs  and  tin  ta^i  dffwignatmg  the  dU^tent  rooms  tkey 
supply;  and  whenever  pipes  nm  near  woodwork  the  same  is  to  be  properly  cov- 
ered with  tin  and  protected  from  any  danger  from  fire.  The  contractor  is  to 
remove  all  rubbish  made  by  him,  dean  up  all  ironwork,  and  leave  the  whole 
apparatus  in  complete  working  order,  and  furnish  a  poker  of  proper  size. 
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Otmnmtee.  The  contractor  Is  to  guarantee  that  the  furnace  shafl,  under 
proper  management,  heat  all  tooms  with  registers  connected  with  the  furnace 
to  70**  f.,  when  the  temperature  outside  indicates  xo°  F.  bdow  zero.  In  the 
event  ol  the  faihireof  the  fttmace  to  do  thfi»  the  contractor,  at  his  4iini  cxpease 
and  wtthout  unnecoiaiy  delay,  is  either  to  make  the  furnace  heat  aM  loottM 
or  substitute  another  furnace  that  will  heat  them. 

Hoi-AirHKii»Wtttor  CottblsMitfoii-FvrxiACM 

Coimbiiiftti9ii-F0nMCMi.     It  is  quite  difficult,  if  not  imposable,  to  heat 
dwellings  covering  throughout,  more  than  i  40P  nq  it  with  w^nn  air  alone. 
On  account  of  the  much  larger  exposure  and  the  increased  length  of  leaders, 
it  becK^nes  necessary  to  supplement  the  warm  air  with  an  auxiliazy  heat  which 
can  be  carried  to  remote  and  exposed  parts  of  the  houses  and  which  will  not 
be  affected  by  pressure  of  wind  or  long  and  crooked  pipes.    For  supplying  this 
auxiliary  heat,  hot  water  has  been  found  best  adapted  as  a  rule,  and  a  great 
variety  of  cOMBiNATiON-runNAaES  are  now  made  which  contain  provisidns  for 
heating  water  which  may  be  carried  by  pipes  to  radiators  located  in  those  parts 
of  the  house  most  difficult  to  heat  by  warm  air.    Such  combination-systems 
have  been  used  with  great  success,  and  for  heating  dweUings  of  ten  average-size 
rooms  the  author  believes  it  to  be  the  most  successful  system,  as  it  guaran- 
tees the  comfortable  warming  of  the  house,  and,  if  property  put  in,  thorough 
ventllatl6n,  which  cannot  be  obtained  by  any  system  of  direct  hot-water  or 
steam-radiation.    It  is  dairaed  that  neariy  100  sq  ft  of  hot-water  radiation 
can  be  obtained  by  absorbing  the  surplus  heat  which  would  usually  be  wasted 
in  a  warm-air  furnace.    The  construction  of  the  parts  for  heating  the  water 
varies  greatly  with  different  makes  of  furnaces.    Some  furnaces  have  a  portion 
of  the  fire-pot  hollow,  and  the  water  is  heated  there;  others  have  a  separate 
beater  suspended  over  the  fire-pot    It  is  impossible  here  to  conaider.ftlie  relative 
merits  of  the  various  heaters;  the  architect  should  examine  the  heaters  for  him- 
self  and  kiok  up  their  record  before  specifying  any  particular  make.    As  a  rale, 
the  parts  of  the  house  which  should  be  heated  by  the  hot  water  are  tha  haUs» 
bath-coom,  and  perhaps  the  rooms  on  the  north  or  west  sides  of  the  house.    The 
same  rules  govern  the  size  of  the  radiators  and  piping  and  the  nuinner  of  imtall- 
ing  as  in  an  entire  hot-water  pbuit. 

Hoi->Atr««iid*Steam  Combination.  There  are  also  several  furnaces  which 
have  a  small  steam-boiler  placed  above  the  fire  by  means  of  which  a  few  rooms 
may  be  heated  by  direct  steam-radiation.  Safety-valves  are  provided  so  that 
the  steam-pressure  cannot  exceed  5  lb,  and  if  the  directions  for  running  the 
apparatus  are  fdlowed,  the  apparatus  is  perfectly  safe.  The  steam-combina- 
tion possesses  some  advantages  over  the  hot-water  combination,  and  for  a  large 
residenoe  the  author  believes  that  it  will  give  more  satisfactory  results  with  in- 
telligent management. 

Sp«dflcatioa  for  Bot^Water  Heating-Apparattta  in  a  RoaldtBoa 

This  specification  contemplates  a  complete  two-pipe  drculating-system,  guaran- 
teed perfect  in  every  respect. 

Heatsr.    Furnish  and  set  up  in  cellar,  where  shown  on  plan,  one  No.  — 

water-boiler,  guaranteed  free  from  all  flaws  and  defects.    The 

ketter  to  be  set  on  a  flubstantlal  foundation  of  hard  brick  laid  in  cenant  mor- 
tftr  and  put  In  by  the  heating  contractor.  Furnish  and  deliver  one  set  of  firf 
tools,  consisting  of  one  poker,  one  slice-bar  and  one  fine  bm^  and  handle. 
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Smoke-pipe.  Connect  the  boiler  to  the  chimney  by  means  of  smolce-pipc 
made  of  No.  20  galvanized  iron,  the  diameter  of  the  pipe  to  be  equal  to  the 
outlet  on  the  heater. 

Xrimminga.  The  boiler  to  be  provided  with  one  expanaioo-thenaoxneter 
registering  from  So*"  F.  to  250°  F.  Attach  to  main  flow-pipe,  near  the  boiler, 
one  Standard  altitude  gauge.* 

Water-Connectioas  and  Blow-off.  Feed-water  with  its  supply-pipe  will  be 
brought  within  6  ft  of  the  boiler  by  the  plumber  and  left  with  one  94-in  cast-iron 
fitting  for  boiler-connection,  which  is  to  be  made  by  this  contractor,  with  suit- 
able cock.  Draw-off  cock  to  be  phiced  on  lowest  point  of  system  and  to  be 
fitted  for  hose-nipple  attachment. 

Pipes.  Furnish  and  run  all  necessary  flow-pipes  and  return-pipes  of  ample 
size,  connecting  them  to  radiators  with  pipes  of  ample  size  to  insure  the  free 
and  rapid  flow  of  hot  water  to  the  radiators  and  easy  flow  of  the  cooler  water 
back  to  the  heater.  All  connections  from  risers  to  radiators  to  be  made  below 
floors. 

Qnality  of  Materials.  All  materials  used  in  the  construction  of  this  apparatus 
are  to  be  the  best  of  their  respective  kinds,  all  fittings  to  be  hea\nly  beaded  and 
made  of  the  best  gray  iron  with  clean-cut  threads,  and,  when  practicable,  Y*s 
and  45*  L's  are  to  be  used. 

Reaming.  The  ends  of  all  pipes  used  in  the  construction  of  this  apparatus 
are  to  be  reamed  out  and  all  obstructions  removed  before  pipes  are  placed  in 
position.  All  flow-pipes  and  return-pipes  in  basement  to  be  supported  by 
neat,  strong,  adjustable  hangers,  arranged  to  suit  expansion  and  contraction, 
and  properly  secured  to  timbers  overhead.  At  all  points  where  pipes  pass 
through  ceiUngs,  floors,  or  partitions,  the  pipes  to  be  encased  in  iron  or  tin 
tubes  and  the  holes  protected  with  floor  or  ceiling-plates. 

Bzpanaion-Tank.  The  expansion-tank  to  be  made  of  No.  22  galvanized  iron, 
30  m  high  and  14  in  in  diameter,  and  is  to  be  furnished  with  a  proper  gauge-glass 
with  brass  motmtings  complete.  It  is  to  be  placed  above  all  the  radiators  in 
some  suitable  place  and  supported  on  a  prpper  shelf.  From  this  tank  an  over- 
flow-pipe will  be  run  to  basonent  or  other  suitable  place  with  a  vent-pipe  through 
the  roof. 

Radiators.    Furnish  and  set  up  the  following  radiators : 


Rooms 


MainhaU 

Sitting-room 

Library 

Dining-room 

Sitting-room  chamber. 

Library  chamber 

Dining-room  chamber, 

Kitchen  chamber 

Bath-room 


Square  feet  of 

Number 

radiating 

surface; 

sqft 

I  indirect  radiator 

108 

I  indirect  radiator 

lao 

I  direct  radiator 

40 

60 

X  direct  radiator 

40 

I  direct  radiator 

44 

I  direct'radiator 

36 

32 

I  direct  radiator 

32 

9  radiators 

SU 

*  An  altitude-gauge  indicates  the  amount  of  water  in  the  system  and  is  a 
attachment  which  avoids  the  necessity  of  consulting  the  gange'glass  ia  the  tank 
can  be  dispensed  with  if  desired. 
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In  all  284  sq  ft  of  direct  surface  and  228  sq  ft  of  indirect;  total  surface^  sia 
sq  ft.  The  direct  radiators  to  be  (American  Radiator  Company's  Rococo  hot- 
water  pattern)  38  in  high. 

Air-'TalvM.  Each  radiator  will  have  properly  connected  to  it  a  nickel-plated 
air-valve  to  be  opened  4it«l  closed  with  a  key. 

lUdiator^Valvea.  Ell£li'^tt%ct  radiator  will  be  promptly  connected  to  the 
system  of  piping  with  a  (Gumey)  quick-opening  nickel-pJated  radiator-valve 
and  union  elbow. 

Indirect  Radiation,  '^e  indirect  radiators  to  consist  of  two  stacks  of  the 
(American  Radiator  Company's  Excelsior)  hot-water  radiator  connected  to- 
gether with  tight  joints  and  firmly  suspended  from  the  basement-ceilmg  by 
suitable  wrought-inm  hangers.  The  stacks  are  to  be  so  piped  and  hung  as  to 
permit  a  qmck,  noiseless  and  constant  flow  throughout  of  the  heated  water. 
Each  stack  to  be  enclosed  in  galvanized-iron  chamber  with  proper  inlet  for 
fresh  air  and  a  corresponding  outlet  for  warm  air,  connected  by  a  galvanized 
pipe  to  the  register  in  the  room  which  the  stack  is  intended  to  heat.  The  regis- 
ters to  be  of  the  Tuttle  &  Bailey  pattern,  ^lectro-bronzed  plated,  and  of  the 
following  sizes:  hall,  12  by  19;  sitting-room,  14  by  22  in.  Registers  to 
have  floor-borders  and  to  be  set  in  register-boxes.  The  pipe  connecting  the 
stack  and  register  is  to  be  so  arranged  that  all  fresh  air  coming  in  will  be 
properly  heated  and  conveyed,  without  loss,  to  its  destination.  In  arranging 
indirect  boxes,  care  is  to  be  exercised  in  getting  ample  space  for  cold  air  under 
the  stack,  and  a  corresponding  space  for  warm  air  over  the  stack;  unless  other- 
wise specified,  this  space  is  not  to  be  less  than  12  in  above  and  xo  in  below  the 
stack. 

Covering  of  Pipe.  All  flow  and  return-pipes  and  fittings  in  cellar  above  the 
floor  to  be  properly  covered  with  i-in  hair-felt  neatly  sewed  up  in  canvas  and 
painted  one  coat  of  good  white  lead,  or  to  be  covered  with  asbestos  or  magnesia 
sectional  covering  with  canvas  cover  and  secured  by  lacquered  brass  bands. 

Bofler-Govering.  Cover  all  exposed  parts  of  boiler,  except  the  front,  with 
plastic  asbestos  iH  in  thick,  neatly  applied  and  troweled  smooth. 

Workmanahip.  All  work  to  be  done  in  a  neat,  substantial  and  workmanlike 
manner,  and  the  apparatus,  when  completed,  to  be  thoroughly  tested  and  left 
in  good  working  order. 

Gnanntee.  The  contractor  is  to  guarantee  that  the  apparatus,  when  com- 
pleted in  accordance  with  this  specification,  will  be  of  ample  capacity  to  evenly 
maintain  a  temperature  of  70"  F.  in  the  rooms  in  which  radiators  are  located 
when  the  outside  temperature  is  at  zero,  and  that  the  apparatus  throughout 
will  have  a  free  and  rapid  circulation  when  in  operation. 

Steam-Heatlsg  for  Reddences 

G0ii#nd  Reqnlremeatt.  For  indiiect  radiation,  steam-heat  is  generally 
considered  cheaper  than  hot-water  heat,  and  in  every  way  as  satislactoxy. 
For  very  large  residences,  the  author  would  recommend  steam-heat,  all  of  the 
principal  rooms  to  be  heated  by  indirect  radiation,  and  only  the  bath-room, 
halls,  and  perhaps  the  attic  and  one  or  two  rooms  on  the  north  side,  which  gen- 
erally includes  the  dinbg-room,  by  direct  radiation.  For  dining-rooms  a  special 
direct  radiator,  containhig  a  warming-closet,  is  made.  The  air-supply  to  the 
indirect  stacks  shouM  be  very  Urge  and  provided  with  a  damper,  so  that  the 
supply  may  be  regulated  accordmg  to  the  weather.  The  same  principles  apply 
in  heating  a  residence  by  steam  as  Ui  heating  any  other  building,  and  there  is  no 
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difierance  in  th«  piping  and  radiUors.  Tlie  boiien  vmA  in  nesi^fence-lieatins. 
hoivever,  are  gcmraUy  of  the  cast-iron  sectional  type  described  on  pages  1227 
to  1230.  Tlie  single-pipe  system  is  commonly  used  indwelKngs,  all  indirect 
radiators,  however,  bekig  connected  with  a  return-pipe  dropped  below  the  water- 
line.  Two  specifications  are  appended  for  steam-JiMUag^  one  for  aU  direct 
radiation  and  one  for  all  indirect  radiation;  the  lat^^f3|p  be  easily  amended  to 
provide  for  some  direct  radiation.  h  n 

Specification  for  a  First-Claas  Low-PreBsnra,  Steam-Heatiiic 
Apparatus  for  Heating  by  Direcf  Radiation 

Intefllioa*  This  specification  ii  intended  to  cover  everjrthtng  neoetsary  to 
fully  finish  and  install  in  the  above-mentioned  building  a  complete  atcank-heat- 
ing  system  in  strict  accordance  with  the  plana  and  this  tpedficatioo,  as  prepared 
by ,  architect. 

PbuM.  The  plans  herewith  are  intended  to  show  only  the  location  of  the 
boUer,  piping  and  radiators;  the  arrangement  of  the  piping  will  be  left  largely 
to  the  contractor,  subject  to  the  approval  of  the  architect. 

General  Requirement.  This  contractor  !s  to  provide  all  necessary  tools  and 
appliances  for  the  erection  and  completion  of  the  work,  and  when  completed 
Is  to  remove  aU  apparatus,  refuse  and  debris  from  the  building  and  grounds, 
leaving  the  work  in  a  clean,  uninjured  and  perfect  condition.  No  cutting  of 
any  description  tending  to  weaken  the  building  structurally  is  to  be  undertaken 
without  consulting  the  architects.  This  contractor  Is  to  be  fully  responsible  for 
the  safety  and  good  condition  of  the  work  and  material  embraced  in  this  contract 
until  the  completion  and  acceptance  of  the  same.  AU  work  b  to  be  of  the  best 
quality,  and  should  at  any  time  improper,  imperfect,  or  unsound  material  or 
faulty  workmanship  be  observed,  whether  before  or  after  same  has  been  built 
into  the  structure,  this  contractor,  upon  notice  from  the  architect,  Is  to  remove 
same  and  substitute  good  and  proper  material  and  workmanship  withont  delay 
in  place  thereof,  in  default  of  which  the  architect  is  to  effect  same  by  other 
means  as  may  be  deemdd  best,  and  is  to  dedua  the  oost  of  such  alterations  from 
the  sum  due  the  contractor  under  this  contract. 

8yitMn«  The  heating  is  to  be  effected  by  direct  radiation  distributed  through- 
out as  shown  on  plans,  and  the  circulation  of  the  steam  is  to  be  1^  the  one-pipe 
basementrsystem. 

Better.  This  contractor  is  to  build  foundation  for  boUer,  whero  shown,  xa  in 
deepb  of  common  hard  brick  laid  in  cement  mortar.  He  is  to  leave  ash-pit  for 
boiler  of  proper  alae^  is  m  deep,  cemented,  and  made  water-tigfat.  He  is  to 
furnish  and  set  up  one  C  C.  I.  sectional)  bailer,  provided  with  6-ia  k>w- 

pressure  brass<ased  steam-gauge,  water-gauge,  and  glass,  gauge-cocks,  combi- 
nation-column, safety-valves  and  blow-off  valves,  and  all  other  usual  and 
necessary  trimmings  to  complete  the  boiler,*  and  a  full  set  of  fire-tools,  consist- 
ing of  one  sGdng-bar,  one  hoe,  one  poker  and  a  deaidng-brttth.  He  !§  to  cover 
boiler  with  xH-in  of  asbestos  cement,  neatly  troweled  to  a  smooth  finish. 

Water-Feed.  The  plumber  Is  to  bring  the  water-supply  to  within  6  ft  of  boiler 
but  this  contractor  Is  to  make  connection  with  boiler  with  94-in  iron  i»pe,  stop- 
cock, and  check-valve. 

Catch-Basin.  Contractor  is  to  furnish  and  set  one  cast-iron  catch-basin,  aS 
by  36  in,  where  shown  on  plans.    He  is  to  connect  the  boiler  blow-off  pipe  to 

*  For  house-faeatfaig  plants  it  is  well  to  specify  stso  "one  automatic  damper-rcgubtoc 
Of  approvwl  patten,  wtth  coBaectien  fat  opertttinc  dntft-door  and  coUhair  check. " 
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»tcb-basiii|  «0BiM6t  same  to  sewer,  and  vtnt  with  iM-in  pipe  to  toU*  (Catch* 
basins  are  usually  omitted  in  house-beating,  a  hose  being  attached  to  the  blow* 
off-valve  lor  blowing  off.) 

Smoke-Pipe.  Contiactor  Is  to  coAaect  the  boiler  with  the  ddntner  with  $, 
round  smoke-pipe  made  of  No.  jA  galvanized  iron  with  euitaUe  hatancie  damper. 
This  Gomiection  to  be  of  same  site  as  left  for  this  purpoee  by  maker  of  beiisr. 

Main  Ptpm  and  Itlseri.  The  nudn  steem-pipe  is  to  be  of  ample  size  to  carry 
aB  the  risen  and  radlaton  attached  to  the  iy%tcm,  and  Is  to  be  so  graded  that  aQ 
water  of  condensation  will  flow  freely  back  to  the  boiler  without  noise.  From 
the  top  of  this  main  the  various  branches  are  to  be  taken  to  radiators  and  risers, 
the  connections  for  which  axe  to  he  so  loade  that  no  traps  areicrasd,  and  wfaea 
horizontal  runs  occur  they  are  to  have  a  rehe£-p}pe  to  cany  off  aH  witter  of  con- 
densation. Eccentric  fittings  only  to  be  iised  on  heatiag-nainB  where  reduced 
in  size.  Sizes  of  supplies  to  radiators  to  be  i  in  to  24  sq  ft,  iH  in  to  60  sq  ft,  and 
iH  in  to  aU  above  this  amount  of  heatmg^surfaoe.  Radbton  on  fint  stoiy  to 
be  connected  direct  to  stcan»-inain^  AM  horiaontal  pipes  to  be  one  fSte  faugef 
than  the  vertical  pipes.  All  steamHxttaectki&s  from  heating-main  to  radhitors 
and  risers  to  ran  on  a  45'  engk  ftooa  heatin^^nain  and  to  be  one  size  larger 
thao  lisecs  and  radiator-feeds. 

Pipes  ttd  FlfCliM;i<  AR  pipe  tised  thfooghodt  is  to  be  of  the  best  quality 
wrought-iron  pipe  of  standard  weight  and  thickness,  sawoth  inride,  free  from 
imperfections,  and  true  to  shape.  All  threads  to  be  dcan^cut,  straight  and  true^ 
All  fittings  to  be  of  the  best  heavy  gray  iron,  with  taper-thresds  and  to  be 
heavily  beaded.  No  inferior  pipe  or  fittings  will  be  allowed.  All  couplings  used 
are  to  be  of  the  best  make,  with  recessed  ends,  except  reducersi  which  are  to 
be  offset. 

Supports.  All  piiMng  to  be  supported  by  approved  expansion-hangen  or 
rollers  not  to  exceed  10  ft  apart.  Neat  cast-iron  floor  and  ceiling>piates  are 
to  be  used  where  pipes  pass  through  floors,  ceilings  and  partitions. 

Radiators.  Furnish  direct  radiation  to  the  amount  ennmerated  on  the  plans, 
of  the  (American  Radktor  Company's)  make.  All  3S-ln  radiators  to  be  the 
(PerfectioQ)  pattern.    All  radiators  14  hi  high  to  be  (iEtna  flue)  radiators. 

Kadlater-VeHres*  The  tadiaton  ate  to  be  furnished  with  Jenkins  disk  union 
valves  of  the  best  nlckel-tilated  metal  and  are  to  have  hard-wood  handles. 

Vflves.  An  valves  2  !a  &nd  under  to  have  brass  bodies  and  iron  wheels;  over 
2  !n  to  be  heavy  cast  iron  with  brass  stem  and  trimmings  and  iron  wheeb;  all 
valves  4  itt  an^  over  to  have  heavy  yokes.  All  gate-valves  to  be  of  (Jenkins) 
make. 

Air-Valree.  Radiators  throughout  the  totire  building  are  to  be  furnished 
with  (Marsh)  automatic  air-valves. 

Pipe'Cevertiii*  All  fftpa  in  the  cellar  above  the  floor  to  be  covered  with 
I'in  asbeiCos  (or  magnesia)  sectfonsl  covering  with  canvas  cover  and  secured 
by  lacxfiMrdd  brtM  bttids. 

Paitttiag  and  Bronzing.  AH  radiators  and  exposed  pipes  in  rooms  or  halls  are 
to  be  nently  ptlnted  tW6  coat^  of  best  tadiator-enamel  or  bronzed  in  desired 

COiOfl. 

^(nafly.  When  completed)  the  apparatus  is  to  be  tested  to  20«lb  steam* 
pressure  and  made  tight  at  that  pressure,  said  test  to  be  conducted  under  the 
supervision  of  the  architect.  Fuel  for  the  test  to  be  furnished  by  the  owner* 
and  when  accepted  the  apparatus  is  to  be  turned  over  to  the  owner  ia  < 
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plete  working  order.  All  valves  and  stuffing-boxes  to  be  properly  padced  and 
the  plant  to  be  completed  in  all  its  parts,  it  being  understood  that  this  contrac- 
tor is  to  furnish  all  miscellaneous  material,  tools,  labor,  etc.,  necessary  to  com- 
plete the  work  in  a  first-class  and  workmanlike  manner. 

Goaiaaiee.  This  contractor  shall  guarantee  that  when  the  apparatus  is 
completed  in  accordance  with  these  specifications  and  drawings  it  will  be  free 
from  all  mechanical  defects  and  of  ample  capacity  to  heat  all  rooms  where  radi- 
ation is  placed  to  a  temperature  of  70°  F.  when  the  outside  temperature  b  lo**  F. 
below  zero. 

SpedftcatioB  for  a  Saparior  Low-Praaanre  Staam-HaatiBg  Apparatua 
for  Haating  by  tha  Indiract  Systam,  with  a  Staam-Praasura 
of  from  Ona  to  Fiya  Pounds  per  Square  Inch 

Note.  This  specification  should  be  accompanied  by  a  heating-plan  showing 
the  position  of  sill  indirect  radiation-stacks  in  the  basement,  the  cold-air  inlets 
to  the  same,  and  the  size  and  general  position  <^  the  main  steam  and  return-pipes 
and  the  connections  to  the  radiators.  The  return-main  should  be  placed  at  or 
below  the  floor  and  the  steam-main  close  under  the  cdling.  The  size  and  loca- 
tion of  warm-air  registers  should  be  shown  on  the  general  floor-plans. 

Genwal  Reqoiremants.  Boiler,  trimmings,  and  smoke  and  feed-connection  to 
be  the  same  as  in  preceding  specification. 

System  of  Piping.  The  system  of  iHf^ng  throughout  is  to  be  constructed  on 
the  double-pipe  gravity  keturn  plan,  and  all  pipes  erected  are  to  be  of  ample 
size  to  insure  the  active  delivery  of  diy  steam  to  the  radiators  and  easy  flow  of 
the  water  of  condensation  back  to  the  boiler.  All  supply  and  steam-mains  and 
branch  connection-pipes  are  to  be  furnished  and  erected  by  this  contractor,  and 
are  to  be  of  the  sizes  given  and  located  in  the  relative  positions  shown  on  the 
pUns.  All  piping  to  be  graded  and  properly  dripped  and  the  steam-mains  to  be 
hung  In  position  by  means  of  expansion  pipe-hangers.  The  main  return  to  be 
run  at  or  under  basement-floor  and  protected  from  moisture.* 

Stack-Boxes  and  Floes.  The  heating  of  the  several  apartments  is  to  be  accom- 
plished by  means  of  indirect  radiators  set  m  clusters  of  stacks,  each  hung  from 
the  ceiling  of  the  cellar,  and  the  heat  from  these  stacks  is  to  be  conveyed  to  the 
room  to  be  heated  by  means  of  tin  hot-air  pipes  set  in  the  walls  and  leading  from 
the  stack  to  the  room  to  be  heated;  each  room  heated  to  have  an  independent 
STACK  and  to  be  connected  therewith  by  an  independent  tin  hot-air  pipe.  Each 
of  the  STACKS  of  indirect  radiators  to  be  enclosed  in  a  well-made  box  or  gal- 
vanized-iron  chamber  and  from  each  stack  a  galvanized-iron  duct  of  proper 
size  is  to  lead  to  the  opening  provided  for  the  same  in  outside  walL  A  damper 
is  to  be  placed  in  the  cold-air  duct  and  a  tight  door  in  the  stack-casing  b^w  the 
radiator.  The  radiators  are  to  be  hung  and  the  chambers  made  so  that  there 
will  be  a  space  of  not  less  than  (12)  in  above  and  (10)  in  bek>w  tha  stack,  and 
the  cold-air  duct  is  to  connect  with  the  bottom  of  the  chamber,  at  a  point  far- 
thest from  the  warm-air  outlet. 

Radktors.  Contractor  is  to  furnish  and  erect  in  cellar,  in  the  positions  shown 
on  plans,  ten  stacks  of  approved-pattern  indirect  radiators  which  in  the  aggre- 
gate will  have  not  less  than  (732)  sq  ft  of  radiating-surface,  and  which  will  be 
divided  up  for  the  several  rooms  to  be  heated  as  follows: 

*  In  damp  situations  the  retom-pipes,  when  necessary  to  drop  below  floor,  should  be 
funln  brick  ducts  lafcl  in  cenwnt  moctar  and  the  pipe  pMked  with  nOnersI  wool  or  «s- 
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Pint  Story 

Hall w I  stack  to  contain  xo8  sq  ft 

Parlor i  stack  to  contain   96sqft 

Dining-room x  stack  to  contain  xo8  sq  ft 

Library » r  stack  to  contain   96  8qft 

Rear  hall x  stack  to  contain   48  sq  ft 

Second  Stoiy 

Chamber  over  parlor i  stack  to  contain  73  sq  ft 

Chamber  over  dining-room i  stack  to  contain  72  sq  ft 

Chamber  over  library i  stack  to  contain  73  sq  ft 

Hall-bedroom i  stack  to  contain  36  sq  ft 

Bath-room i  stack  to  contain  34  sq  ft 

No  VALVES  are  to  be  placed  in  either  the  supply  or  return  to  radiating-stack, 
but  an  improved  automatic  air-valve  is  to  be  placed  on  each  stack. 

Registan.  Contractor  is  to  furmsh  and  set  in  position  in  each  room  heated, 
a  baseboard  or  wall-register  with  a  deflecting  damper,  of  the  size  shown  on  plans. 
All  registers  for  first  story  to  be  bronae  finish,  and  all  others  to  be  black  or  w^te 
japanned  finish,  as  shall  be  selected. 

Tin  and  OalTanised-inm  Work.  Contractor  is  to  furnish  to  builder  (who  is  to 
set  in  position  as  shown  on  plans)  all  tin  wall-pipes  and  register-boxes  for  hot 
air  to  the  rooms  to  be  heated,  all  to  be  made  of  IX  tin  and  of  the  sizes  shown  on 
plans.  Contractor  is  to  furnish  and  erect  the  galvanized-iron  casings  for  the 
ten  stacks  as  above  specified,  with  galvanized-iron  ducts  to  the  outside  openings. 
All  to  be  constructed  in  a  substantial  and  workmanlike  manner. 

Guarantee.  The  contractor  is  to  guarantee  that  the  apparatus  when  com- 
pleted will  be  of  ample  capacity  to  maintain  an  even  temperattue  of  70*  F.  in 
the  rooms  heated  when  the  outside  tempemture  is  zero,  and  that  the  apparatus 
will  afford  free  circulation  throughout  and  be  noiseless  in  operation. 

Books  on  Residence-Heating.  Much  valuable  infomiation  on  residence- 
heating  may  be  obtained  from  pamphlets  published  by  different  manufac-, 
turers,  among  whom  are  the  American  Radiator  Company,  the  International! 
Heater  Company,  the  Gumey  Heater  Manufacturing  Company,  Gorton  & 
Lidgerwood  Company,  Isaac  A.  Sheppard  &  Company,  and  the  Excelsior  Steel 
Furnace  Company  of  Chicago. 
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Tables 

Hie  foUowfiig  tables  will  be  found  useful  in  estimattng  the  sise  <^  regfsten, 
piping  and  heating-surface  of  pipes  and  boiler-tubes: 


TmHea  of  Bfset  and  INmeadoos  of  Safety  DovMa  HbChAIr  Sfa^ka 

Made  by  the  Excelsior  Steel  Furnace  Company 


4X  S 

4X10 
4XII 
4XM 
4X14 


6X12 
6X14 
«Xl6 


3HX7H 
3HX  9H  3V4X 
3HX10H 
3WX11H 


3*iXz3H  3*4X13 


6Xio|5HX  9H 
sHXi 
SHX13H 
sHXtsH 


•XIS7HXI7H 
xoXao  9HX10H 
xoXa4  9HXa3H 


I 
1 


3V4X  7 

9 

3MX10 

3MX11 


$MX 
iH  sMXii 
SMX13 
5MX15 
7MX17 


0^X10176 


9HX33 


23 

39 

3^V4 
35 
41 
47 
58 
68 
79 
1*4 


913 


6Vi 

8 

«M 

9 
xo 
II 
12 

«$ 

It 

aaH 


i5 

11 

n 

i 
II 


6xa 
8XX0 

8Xia 
9X11 
xeXxa 
toXU 
xaXKS 
xaXiy 
i4Xao 
16X24 
90X24 
91X9 


ftSO 

1000 

fJSO 
1690 
tooe 
ajBO 

2600 
3000 
4000 
S4eo 

7000 


«xa 

SXio 

9X11 
10X12H 
12X14 
ISXXT 
X4XIT 
15X18 
X5Xao 
aoXse 
aoxar 
aoXjs 


35 
45 

S5 

60 
70 
8d 
lU 
19 

2tO 

ne 

MB 


y  Google 


Tabid  of  IB^mttf-Diamalkms 


1957 


Made  br  the  Tottk  ft  Bailv  BfuafKtiDJiv  Cofnpiiky 

ResUter 

Border                          | 

Siaeof 

in 

BtltMlM 

dimenaiolie. 

Depth 
open. 

With  Hbe. 
floor  openi^. 

TlH-boi  siae, 
ia 

m 

in 

ifl 

4X  6 

IH    X  7H 

iH 

4X  i 

SVi    X  9H 

aM 

4X10 

5H    XixH 

aVi 

4X13 

iVi    XZ4U 

aii 

AXm 

4X1S 

$W    Xx6^e 
IH    XtgU 

aH 
a)4 

sxs 

6H    X9H 

a 

"iii'xHH*" 

'  SM«  x'sMe' 

5X1X 

4H    XiaH 

a 

8H    X14H 

5M<  Xix^< 

IXtj 

6H   X14H 

2 

6H    X16H 

5H<  XX3H< 

SXift 

4h   XX7H 

a 

8H    XX9H 

sMe  Xi6W« 

6X6 

t^HeX  7<H6 

aH 

99ie  X  99ie 

691e  X  6M< 

6X1 

t'HtX  9IH6 

aH 

99ie  Xxi91e 

6Me  X  8»<6 

6X0 

t>V<tXio»Ht 

aH 

99i6  Xia^e 

691e  X  99i< 

6X16 

t>^«XlxiMe 

aH 

9916  Xx3W« 

69i«  Xio^e 

6XX4 

t»H6Xxs»Me 

a?i 

9^6  Xi7^6 

6W«  Xu^e 

6X16 

t»H6Xx7»M« 

aW 

9^«  Xx99^« 

6^6  Xx6»ie 

6Xl« 

t>M«Xx9»Me 

a?i 

9^6  XaxWe 

6He  Xx8^6 

6X14 

t»H«Xas»Me 

aH 

9M6  Xa7We 

6Me  Xa4Me 

1X1 

StHeX  81  He 

af4 

io91o  Xxo^^o 

7He  X  7^6 

tXl6 

8»HeXxi»H6 

a^4 

X0916  Xi*W« 

7^6  Xxo^e 

sxst 

•W    X9M 

3 

KH    XiiH 

8H    X8H 

SXxo 

04    XixH 

3 

UH    X13H 

8H    XxeH 

sxtat 

*H    Xi3fl 

3 

xiH    X15U 

8H    XiaH 

8Xi5 

^    Xt6iH« 

3 

i4H    Xx«H 

8H    X15W 

6X18 

^    Xi9^ 

3 

x<H    X21H 

8H    X18H 

6Xit 

9H    Xaafi 

3 

ilH    Xa4H 

8H    XaiH 

8X«4 

9H    XasH 

3 

xlH    Xa7H 

8H    Xa44i 

9X0 

idTi    Xio^ 

3M 

i3H«  X13M6 

9»MeX  9^U* 

9Xiat 

idTi.  XuH 

3W 

i3Me  Xi6H« 

9»H6Xia»H« 

9Xt3 

i<       X15 

3^ 

i3H«  Xi7He 

9»HeXi3lJ^e 

9Xl4t 

xoH    XtsU 

3M 

i3Me  Xi8He 

9»fl*Xi4*Ho 

9X16 

xdH    Xi7«M« 

3W 

i3He  XaoHa 

9»^«Xi6«He 

9Xt8 

idH    Xi9^ 

3V4 

x3Me  XaaHs 

9>^«Xx8lHe 

9X40 

10%   xaij* 

3W 

x3Ho  X24Me 

9»H«XaoiH6 

toXW 

il»MeXn»M6 

3H 

I4M6  XuHe 

io»H«XiotJle 
xo»^6Xia«He 

toXtJ 

xt»M«Xl3«fl6 

3H 

i4Me  XxfiMe 

loXt4 

xi       Xl5«M6 

3H 

14M6  Xi8H< 

io»H6Xx4«H« 

20X16 

ii»M6Xi7?4 

3H 

x4Mo  Xao?<e 

xoi^eXieiH. 

loXt8 

it»MeXt9T4 

3H 

X4M6    X33^« 

io»HflXx8«H« 

loXJO 

xtiM«Xaij4 

3H 

Uhi  X24h» 

loJ^eXaotHe 

uXia 

X4M«  XI4M6 

4 

mu  Xi6^6 

xa'MoXiaiJie 

iaXi4 

X4M<  X16H6 

4 

16M6  XiSMe 

iaifieXX4«?le 

tiXti 

i3»M6Xi6»fi# 

4 

i6Me  Xm* 

iaif<«XiS«H« 

'  for  tj^Mdel  ride-wfll  fegken,  Me  fki<6  1 370.  • 

t  These  sisa  axe  tboee  most  Ukdy  to  be  found  in  the  stock  of  local 
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DimaiBloas  of  R0tist«n  aad  Bocd«n.   (Cotttfaui«d) 

Register 

Border 

Sue  of 

body, 
in 

Depth 

With  ribe. 

Tin-box  sitt, 
in 

dimensions, 
in 

open. 
In 

floor-openmg, 
in 

X2XX6 

X4H6  XxS 

4 

x6Me  XaoMo 

MiM<Xx6iM< 

xaXx7* 

x4Me  XX9 

4 

16^'is  XaiJle 

i2»fi«Xi7«Hs 

xaXxi 

X4He  XaoHe 

4 

i6Me  XaaMe 

uiMoXiSiMft 

iaXi9 

i4He  X2iM« 

4 

mu  X23M6 

i2iM«Xx9iH< 

xaxao 

X4Me  X22 

4 

x6^<«  X24Tie 

X2»M6X20«HS 

xaXii 

X4H6  Xa6 

4 

x6^6  X28Me 

I2lM»X24«hs 

xaXao 

i4He  X32 

i4Vio  X38 
x6M6  Xx6»1e 

4 

4 
4 

12X36 

X4XI4 

xi'MsXiiiMi' 

uii'xuH' 

14X16 

i641e  Xi8M« 

4 

18>M6X20»M« 

UH    X16H 

i4Xr8 

16H    X2oHe 

4 

l8»M6X22tM« 

14H    Xi8Ti 

X4XJ0 

x6*^6  X2afl6 

4 

x8tMoXa4»Ms 

14U    XaoH 

X4X» 

i69i    X24U 

4 

x8»MeXa6»Mt 

un  xmA 

isXas 

i7«HeX27»Me 

4H 

i9»MoX29»Mt 

x6H    Xa6U 

X6X16 

18M6  Xi8«6 

4H 

aoH    XaoH 

16H    Xi6?i 

x6Xi8 

i8^1e  Xao^le 

4W 

aoH    X22H 

x6H    XxSTi 

i6Xao 

x8Mo  X22M6 

4H 

aoH    Xa4H 

x6H    X2oTi 

i6X» 

i8^ie  X24M« 

4H 

aoH    Xa6H 

16H    XaaTi 

X6X34 

x8Me  X26»He 

4H 

aoH    Xa874 

16H    XasH 

16X38 

i8Me  X3oMe 

4H 

»H    XJ2H 

i67/«    X38H 

i6X3a 

X8M«  X34Me 

AM 

20H    X36U 

x6H    X32ji 

18X18 

aoMs  XaoMs 

4H 

aa»MeX22iM« 

18H    X18W 

xSXai 

aoMe  X23M6 

4H 

22»MoX2S»M* 

18H    XaiH 

i8Xa4 

aoMe  X26Me 

4H 

a2»MeX28tM« 

x8H    Xa4Ti 

i8Xa7 

20^6  Xag^ls 

4H 

22»MeX3i»M« 

X8H    Xa7j4 

18X30 

aoMe  X32H 

4H 

22i^<«X34»Ms 

iVA    X30H 

18X36 

aoMe  X38W 

4H 

22»M«X40»M« 

18U    X36;i 

aoXao 

aa^i    X22H 

SH 

2SH    X2SJi 

ao»M«Xao»Mt 

»Xa4 

22H    X264i 

S4 

25H    Xa9H  • 

aotMeXa4»M« 

aoXa6- 

22*i.    X28H 

SH 

2SH    X3XH 

ao»MeXa6»H« 

aiXag 

a3H    X31H 

5H 

26Vi    X34H 

ai»MeXa9>He 

24X24 

26M«  Xa6Mo 

SH 

29H    Xa94 

a4»M«Xa4«M6 

24X27 

26M6  X299i 

SH 

29^4    X32W 

a4>M»X27'*1o 

24X30 

267/(t  X32H 

SH 

29M    X3SH 

a4»HtX^>»H« 

24X32 

26M6  X34H 

SH 

29V4    X37W 

a4»H«X3a»M« 

24X36 

26M.  X38H 

SH 

29H    X4XVi 

a4»MeX36»Me 

24X45 

a6T1t  X47H 

5H 

a9»i    XsoH 

a4»M6X4$»Mo 

27X27 

29M«  X29Me 

6 

32^4    X32H 

27>M»X27»Mo 

27X38 

29M6  X40H 

6M 

32V4    X4iM 

27»MsX3B»Ms 

30X30 

32H    X32H 

IH 

3SVi    X35H 

30»M«X30»H« 

30X36 

32H    X38H 

7^4 

3SW    X4i^i 

3«>'MeX36«9<i 

30X42 

32H    X44H 

7^ 

3SH    X47J6 

30»M»X42»^o    1 

Tallies  of  Pipe  and  Register-Capacities 


l^d 


Bstfanated  Capacity  of  Pipes  and  Baiisttrs 

BOUND  ] 


Diameter 

of  pipe. 

in 

Area, 
sqin 

Diameter 

of  pipe. 

in 

Area, 
sqin 

Diameter 

of  pipe. 

in 

Area, 
sqin 

7 
8 
9 

lO 

II 

38 
SO 
63 
78 
9S 

12 

14 
i6 
i8 

20 

113 
154 
201 
254 

314 

23 

34 
26 
26 

30 

380 
452 
531 

616 
707 

RBCTANGULAR  HMS 

Siieof 

pipe, 
in 

Area,      | 

sqin       1 

Siieof 

pipe. 

in 

Area. 

sqin 

Siseof 

pipe. 

in 

Area, 
sqin 

4X8 
4X10 
4X12 
4Xl6 
6X10 
6Xi2 
6X16 
8XIO 
8Xia 
8Xl6 

3a         I 

40 

48 

64 

6o 

7a 

96 

8o 
,96 
laS 

8X20 
8X24 
10XI2 

loXiS 
ioXi6 
ioXi8 
10X20 

X2XI2 

wXiS 

12x16 

160 
192 

120 

ISO 
160 
180 

200 
144 
180 
193 

iaXi8 
laXao 
12X24 
14X14 
14X16 
14X20 
16X16 
16X18 
i6Xao 
16X34 

216 
240 
288 
196 
224 
260 
256 
388 
320 
384 

RBGISTBKS 

Size  of 

openinSt 

in 

Capacity, 
sqin 

Siieof 

opening. 

in 

Capacity, 
sqin 

Siseof 
opening, 
•    in 

Capacity, 
sqin 

6X10 
8X10 
8Xia 
8X15 
9Xia 
9Xi4 
loXia 

40 
S3 
64 
8o 

72 

84 
80 

10X14 
10X16 
12X1S 
12X19 
14X22 
15X25 
16X24 

93 
107 
120 
152 

205 
250 
256 

30X30 

20X24 

30X26 

21X29 

27Xa7 
27X38 
30X30 

267 
320 
347 
406 
486 
684 
600 

Sixeof 

openingt 

in 

Capacity, 
sqin 

Siseof 

opening. 

in 

Capacity, 
sqin 

Size  of 

opening. 

in 

Capacity, 
sqin 

7 
8 

9 

lO 

26 

33 

42 
52 

12 

14 
16 

18 

75 
103 
134 
169 

20 
24 
30 

*> 

209 
301 
471 
679 
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T.  ft  B.  Special  M»-V«ll  IMtli^  f Of  SMtov  Fferps  «m1  Thin  Pwrti^ 
Use  in  Bfsebo^da 

This  ragiiter  has  a  single  valve,  and  the  bout  projects  s  in  into  thevooa^;  with  it  a6  by 
zj-in  flu^  can  be  ma4  with  3-in  studdipg,  that  !•»  in  thfl  fixft-story  ipoma 

SUSS  ANQ  cAPAqins 


Register 

Tin  flue 

Round  pipe 

Netair- 

Ust^ize. 

opeaing  in 

Size. 

Gatiacity. 

Sice. 

Capacity. 

in 

register-face, 
sq  in 

in 

sqin 

in 

aqtn 

7X10 

47 

4    XiQ 

40 

7 

38 

7Xx2 

56 

4    Xia 

48 

8 

s 

8X13 

70 

S    X13 

6s 

9 

8XXS 

80 

5    XZ5 

7fi 

xe 

78 

X0X13 

86 

IS    X13 

78 

XO 

73 

8X17 

95 

SHX17 

93 

M 

95 

Diameter  of  ICain  and  Branch  B^ea  and  Sqim^  Feet  of  CfiU-Suface  Tfl^T  Will 

Stiffly  in  an  Open  Hot-Water  Apparatna  wheii  Poihi  ptf e  at  Pifferpnt  AMitadea 

for  Direct  Bndiation  or  hi  the  Lpwer  Steqr  for  Indinct  Radiatiaii^ 


In- 

Diam- 
eter of 

direct 

Direct  radiation. 

radia- 
tion 

Height  of  coU  above  bottom  of  boiler,  In  feet 

pipe, 
in 

0 

XO 

20 

3D 

40 

SO 

60 

70 

80 

100 

sqft 

«lft 

sqft 

sqft 

sqft 

aqft 

sqft 

aqft 

sqft 

aqft 

H 

49 

SO 

52 

53 

55 

57 

59 

6x 

63 

68 

X 

87 

89 

92 

95 

98 

IDI 

103 

X08 

H2 

X2I 

iH 

136 

X40 

X44 

149 

XS3 

158 

x6i 

169 

?7S 

189 

iH 

196 

202 

209 

2x4 

22a 

228 

235 

243 

^ 

27X 

2 

349 

359 

370 

380 

393 

S 

413 

433 

449 

483 

2hi 

546 

S6i 

577 

595 

6x3 

^ 

678 

70X 

755 

3 

78s 

807 

835 

856 

888 

9X2 

94t 

974 

X009 

1086 

3H 

1069 

X099 

I132 

li» 

lao? 

I24X 

X283 

1327 

1374 

1480 

4 

X395 

1436 

1478 

1520 

I  571 

X62I 

x6S4 

X733 

X79S 

X933 

4W 

X767 

I  817 

187X 

X927 

>988 

205a 

8  120 

2x93 

2?72 

2  445 

5 

JII85 

2244 

2309 

2379 

2454 

2S3I 

2  5?4 

?7I3 

280s 

3019 

6 

3x40 

3226 

3  341 

34?4 

3  552 

3648 

3763 

3897 

4036 

4344 

7 

4276 

4396 

4528 

4664 

4806 

4964 

5132 

5308 

5496 

5920 

8 

5S80 

5  744 

5  9X2 

6o8e 

6284 

6484 

66x6 

6932 

7x80 

7  73$ 

9 

9068 
^740 

7268 

7484 

7708 

7952 

8206 

8482 

8774 

908^ 

9780 

xo 

8976 

9236 

9516 

98x6 

10X24 

10296 

io8S2 

1X220 

X2076 

'  F«  Srlnitnaqn, 
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Tables  of  H^ating^iiHMt  of  P^ 


im 


Diameter  of  Steem-Sumly  Myep  4ll4  6lMf9  Vffft  til  l>irect  Radiatioo  They  WiU 
Supply  with  $  F9P944  Slefm-Pressure  * 


Diam- 

Dwtanoe of  radiator  from  boiler,  in  feet 

eter  of 

pipe. 

in 

9 

«4 

100 

2?5 

324 

400 

484 

sqft 

«qft 

fqft 

•qft 

«qlt 

saet 

«ift 

^ 

340 

90 

72 

48 

40 

36 

*» 

Ih 

z 

18, 
324 

I4S 
•59 

98 

172 

82 
144 

74 
129 

68 
118 

iH 

1361 

SI© 

40i 

P73 

226 

204 

185 

2796 

I04f 

839 

659 

466 

419 

3B1 

*M 

48i4 

1831 

1465 

7rr 

814 

732 

666 

7700 

2887 

^310 

1540 

1283 

11,5 

XOfO 

3H 

11323 

4246 

.3097 

2064 

1887 

J698 

1544 

iS«i9 

5932 

4  745 

3164 

2636 

2372 

2157 

4W 

2X236 

79S9 

6366 

4245 

3537 

3184 

2894 

27997 

10  361 

8a99 

6599 

4666 

4x44 

3768 

44  2J0 

16586 

13269 

8846 

7372 

6634 

6031 

64013 

24  005 

19204 

12802 

10668 

9603 

8729 

896IS 

3360s 

26884 

17923 

14936 

13442 

12  220 

120  275 

45X03 

36082 

24  055 

20046 

18  041 

X64OI 

zo 

IS6277 

58  604 

46883 

31  355 

26046 

2344X 

21  310 

'  F.  Sdiun&nn. 


H«t-Wataff  Hefttinf 

MBAsmtnoMT  or  now-pives  and  unniN-pirBs 
For  the  puipeae  M  MccrtaininK  the  amount  of  beating-surCace  in  flovr-pipes.  ntiunt 
pipes,  and  riterk,  tlie  foHowing  table  ii  iiae(|* 


Size  of 
pipe. 

Square  feet 
in  one  lin* 

Stufaoe  of  pipe  covering 

^4^n  hair-felt  and 
fanvaa 

Table  of  quantity  of 

water  contained  in  100 

linear  feet  of  pipe  of 

different  diameters 

pipe, 
in 

length  by 

Pian^eter 

CoiileflUiii 

100  feet  ia 

length. 

gal 

H 

I 

iW 

iH 

2 

2M 

3 

3H 

4 

0.27 
0.34 
0.43 

0.50 
0.62 
e.75 

X.*7 

I 

2 

aH 
3 
3^ 

4 

0.79 
0.96 

1.04 
1.09 

1. 20 
1.37 

It 

I 
iV4 

a 

3 

3^ 

4 

4.S0 
771 
XO.Sf 
XT.4I 
24  80 
38.38 
5136 
6613 

To  4etarai(Ae  tfat  surfaoe,  mtikiphr  the  length  of  pipe  by  ttv(  figures  ^ven  in 
the  Uhle,  jilwjiyii  pohiUig  aft  twQ  ptces. 
Ba^jVla.    ^00  Hn  ft  of  x-in  pipe  multiplied  by  0.J4  equals  170  sq  It. 
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Bqittditttioii  of  Ptpe-Anti 

R.  C.  Caxpeater 


Diam. 

of 
pipes. 

m 

Number  ol  small  pipes  lequired  to  make  area  equivalent  to  one 

larger  pipe  with  allowance  for  friction                                | 

in 

in 

I 
in 

in 

iV4 
in 

2 

in 

aW 
in 

L 

^^ 

ii 

*^|  4  , 

k 

3H 
4W 

X 

a.o 

37 
Z.8 

X 

r.6 

1.7 

1.0 

II. 3 
54 
3.1 
1.5 

I 

19.0 
9. a 

W 

1.7 

I 

9.3 
4.5 
3.1 
1.83 

I 

55. 0 
35.5 
14.7 
7.3 
4.7 
2.9 
1.7 
I 

80.0 
39.0 
a7.o 
10.6 
7.1 
4.1 

2.S 

1.5 

I 

108.0 

53-0 
30.0 
14.7 

Ii 

3.5 
2.4 
1.4 

I 

Z46.0 
70.0 
39.0 
19  5 

%i 

4.7 

\\ 

1.3 

I 

188.0 

900 
S3-0  1 

11, 

3.5 
as 
1.7 
1.25 

X 

BqinHttrion  of  Pipe-Aroas 
Babcock  ft  W0COX 


Diam. 
of 

1^- 

Number  o£  smaller  pipes  equivalent  to  one  laiger  pipe 

H 

I 

iVi 

a 

3 

4 

5          6 

7           8 

9 

10     ' 

in 

in 

m 

m 

in 

m 

in 

in 

in        in 

m 

in    < 

^ 

a.a7 

4.88  15.8 

31.7 

96.9 

aos-o 

377.0 

6ao.o   918.0     

X 

a.os 

6.9 

T, 

42. 5 

90.4 

166.0 

273.0 

405.0  1569.0 
198.0   a78  0 

779.0 

....   1 

I 

I 

35 

ao.9 

44.1 

81. 1 

1330 

380.0 

536  0 

iH 

I 

13 

6.1 

13.0 

a3.« 

39  2 

58.1     81.7 

112. 0 

157  0 

'  a 

31 

6.5 

II  9 

19-6 

29  0     40.8 

558 

7«-5 

aH 

X.8 

3.87 

7.1 

XI. 7 

17.4  :  344 

31  4 

47  0   1 

3 

I    . 

2. 12 

n 

6.4 

9  5  !  13.3 

ao.9 

«.7 

4 

I 

3.0 

4.5       6.3 

8.6 

12,1 

1 

I 

1.6 

24       3.4 

4.7 

6  6 

I 

1.5      a.i 

2.8 

40 

7 

I          1.4  ,    X  9 

2.7 

8 

...  1   ... 

... 

....  ,  .... 

....       I          1.3 

19 

*  Nominal  diameters  standard  steam-pipes  and  gas-pipes. 

To  find  the  number  of  2-in  pipes  to  ddiver  as  much  flnUl  as  one  5 -in  pipe: 
In  the  column  headed  5,  and  opposite  a,  read  9.9  in  upper  table  and  11.9  in  lower  table,  the 
equivalent  number  of  24n  pipes. 


TaUo  of  ICaJxu  and  Bnuichot 
American  Radiator  Company 

Main  Branch 

X    -in  will  supply  2 '4-in 

iM-in  will  supply  a 1    -in 

xj4-in  will  supply  a xM-in 

a    -in  will  supply  a i^f-in 

aH-in  will  supply  a  xH-inand  x  xM-in.or     i  a    -in  and  i  iM-tn 

3  -in  will  supply  I  aV4-inand  x  a   -in.  or     a  a    -in  and  x  x^i-in 
3f4in  will  supply  a  a^i-in  or     13   nn,  and  i  a    -in  or     3  2    -in 

4  -in  will  supply  x  3^-in  and  x  a)44n.  or      a  3    -in  or     4  a    4n 
4H4n  will  supply  i  3^i-in  and  i  3    -in,  or     z  4    -in  and  x  aVinn 

5  -in  will  supply  x  4    -in  and  x  3   -in,  or     i  4^-tQ  and  x  aH^n 

6  -in  will  supply  a  4    -in  and  x  3   -in.  or     4  3    -in  or  xo  a    4n 

7  -in  will  supply  i  0   -in  and  x  4    -tn,  or     3  4    -in  and  I  a    -in 

8  -in  will  supply  a  6    -in  and  i  5    -in,  or     54    -in  and  a  a    -in 
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DimensioiiB  of  Standard  Double-Extxa-Stronc  Pipe 


Actual 

Actual 

Nominal 

Nominal. 

external 

internal 

Thickness. 

MeUl-area. 

weight 

in 

diameter. 

in 

sqin 

per  foot. 

in 

in 
0.344 

lb 

H 

0.S40 

0.398 

0.507 

1.7 

H 

X.050 

0.433 

0.3x4 

0.726 

2.44      ! 

1.31S 

0.587 

0.364 

1.087 

3.^      < 

iH 

1.660 

0.885 

0.388 

1.549 

5.2        1 

iH 

1.900 

1.088 

0.406 

1905 

6.4            ' 

2.37s 

I  491 

0.442 

3.686 

9.03          , 

aW 

a.87S 

I.7SS 

0.560 

4.073 

13.68          ' 

3.S00 

3.384 

o.6q8 

555.4 

X8.s6 

3W 

4.000 

3.716 

0.643 

6.772 

22.7$ 

4.S00 

3- 136 

0.663 

8.180 

27.4B 

4H 

5.000 

3564 

0.718 

9.659 

32.53 

S.563 

4.063 

0.7S0 

11.341 

38.12 

6.635 

4.875 

0.875 

15.807 

S3.II 

7.625 

5.875 

0.875 

I8.S5S 

62.3$ 

8.625 

6.875 

0.875 

31.304 

71.62. 

LAf-VftU 

[>BD  CASING 

SH 

8.635 

8.365 

0.180 

4-775 

16.67 

m 

8.635 

8.167 

0.339 

6.040 

90.10 

8U 

8.635 

8.083 

0.37X 

7  125 

2438 

8H 

9 

8.640 

o.x8o 

4.987 

17. 60 

9H 

10 

9-577 

0.3II 

6.504 

2X90 

loH 

IX 

10.594 

0.303 

6.886 

26.71 

ixH 

13 

II  .594 

0.303 

7.526 

303s 

mW 

13 

W.457 

0.27X 

10.852 

31  7S 

I3W 

14 

1343a 

0.384 

12.34 

42.Q2 

I4>4 

xs 

14.416 

0.393 

13.49 

47.66 

isH 

16 

15 -416 

0.392 

14.41 

SX.47 

Sfliioke-Pr«T«ntion 

Claaajflcation  of  Sorricea.  O.  H.  Landreth,  in  a  report  to  the  state  Board 
of  Health  of  Tennessee,  published  in  Engineering  News,  June  8,  1893,  classifies 
the  great  number  of  smoke-prevention  devices  which  had  been  invented  up  to 
that  date  as  foUows: 

(i)  Meehaakal  Stokers.  They  effect  a  material  saving  b  the  labor  of 
firing  and  are  efficient  smoke-preventers  when  not  pushed  above  their  capacity 
and  when  the  coal  does  not  cake  badly.  They  are  rarely  susceptible  to  the  sud- 
den changes  in  the  rate  of  firing  frequently  demanded  in  service. 

(a)  Air-Vltt«8  in  side  walls,  bridge-walls  and  grate-bars,  through  which  air 
when  passing  is  heated.  The  results  are  always  benefidaX  but  the  flues  are 
difficult  to  keep  dean  and  in  order. 

(3)  CoUnf-Aiches,  or  spaces  in  front  of  the  funuure,  arched  over,  in  whidi 
the  fresh  coal  b  coked,  both  to  prevent  cooling  of  the  distilled  gases  and  to  force 
them  to  pass  through  the  hottest  part  of  the  furnace  just  beyond  the  arch. 
The  results  are  good  for  normal  conditions,  but  ineffective  when  the  fires  are 
forced.    The  arches,  also,  are  burned  out  and  injured  by  woriung  the  fire. 
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(4)  I>Md  Platw,  or  fwrts  o{  the  ^rate  next  the  furnace-doon  reserved 
for  wanning  and  coking  the  coal  before  it  is  spread  over  the  grate.  These  give 
good  results  when  the  furnace  is  not  forced  above  its  normal  capacity.  This 
embodies  the  method  of  coke-firing  mentioned  before. 

(s)  DownrDraft  Fnmacas,  or  furnaces  in  which  the  air  is  supplied  to  the 
coal  above  the  grate  and  the  products  of  combustion  are  taken  away  from 
beneath  the  grate,  thus  causing  a  downward  draft  through  the  coal,  carrying 
the  distilled  gases  down  to  the  highly  heated  incandescent  coal  at  the  bottom 
of  the  layer  of  coal  on  the  grate.  This  is  the  most  perfect  manner  of  producing 
combustion  and  b  absolute^  smokeless. 

(6)  StMUB  Jati  to  draw  air  in  or  inject  air  into  the  furnace  above  the  grate^ 
and  also  to  mix  the  air  and  the  combustible  gases  together.  A  very  efficient 
smoke-preventer,  but  one  liable  to  be  wasteful  of  fuel  by  inducing  too  TtLpid  a 
draft. 

(7)  BaMe-Plates  placed  In  the  furnace  above  the  fire  to  aid  In  misdng  the 
combustible  gases  with  the  air. 

(8)  Double  Furnaces,  of  which  there  are  two  different  styles,  ndther  of 
which  has  proved  practical. 

Among  the  devices  which  seem  to  have  proved  both  practical  and  effective 
are  those  of  the  Smoke  Prevention  Company  of  America  and  of  the  American 
Stoker  Company. 

Ventilation 

Ventflation  as  applied  to  a  room  or  building  tonsists  in  supplying  pure  air 
to  dilute  and  drive  out  that  which  has  become  vitiated.  JPofect  ventilation 
consists  in  supplying  an  adequate  amount  of  fresh  air  warmed  or  cooled  to 
a  comfortable  temperature  in  such  a  manner  that  the  circulation  shall  be  con- 
stant and  thorough  in  all  parts  of  the  room  or  building  and  at  the  same  time 
without  the  creation  of  drafts.  Ventilation  may  be  broadly  classified  as  non- 
systematic  and  SYSTEMATIC. 

NoAHiyeteiiiatic  Ventilation  may  be  considered  as  including  all  ventHatbn 
produced  without  systematic  provision  for  the  admission  and  escape  of  the 
fresh  air  and  power  for  moving  the  air.  All  rooms  in  a  building  of  ordinaiy 
construction  receive  some  ventilation  whenever  the  temperature  of  the  room 
is  above  or  below  that  of  the  surrounding  air.  Pettenkofer  found  that  by  dif- 
fusion through  the  walls  the  air  of  a  room  in  his  house  containing  2  650  cu  ft 
was  changed  once  every  hour  when  the  difference  of  exterior  temperatures  was 
34°  F.  With  the  same  difference  of  temperature,  but  with  the  addition  of  a 
good  fire  in  a  stove,  the  change  rose  to  3  320  cu  ft  per  hour.  With  all  the 
crevices  and  openings  about  doors  and  windows  pasted  up  air-tight  the  change 
amounted  to  i  600  cu  ft  per  hour.*  Even  in  the  case  of  direct  heating,  where 
no  air  b  purposely  supplied  for  ventilation,  there  will  be  a  change  of  air  by 
diffusion  of  the  air  in  the  room  which  the  writer  has  found  practically  met  by 
an  allowance  equal  to  from  one  to  three  changes  m  the  cubic  contents  per 
hour.  Whenever  air  is  introduced  into  a  room,  as  by  ordinary  indirect  or  hot- 
air  heating,  an  equal  amount  of  air  must  be  driven  from  the  room,  or  if  air  is 
drawn  from  a  room,  as  by  the  draft  in  a  fireplace,  an  equal  amount  of  air  must 
enter  the  room.  Heating  by  hot-air  furnaces  and  by  indirect  steam  or  hot- 
water  radiation  will  generally  provide  sufficient  ventilation  for  private  residences, 
especially  if  the  principal  rooms  are  provided  with  fireplaces  or  ventilation-flues. 

*  Beating  and  Veotilatiiig  BtiiUiflgs,  R.  C.  Carpenter. 
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FW  Syttommtie  VentUatioii  provision  must  be  made  for  the  adminloii  and 
expulsion  of  the  air  through  Sues  or  definite  openings  and  for  powkr  for  moving 
the  air.  The  power  for  moving  air  for  ventilating  purposes  is  obtained  in  two 
ways:  (i)  by  expansion  due  to  heating,  and  (a)  by  a  fan  operated  by  an  electric 
motor  or  by  a  steam-eaginc  or  gaa-enginc.  Systematic  ventilation  alto  pce- 
Buppofes  an  attempt  to  admit  a  definite  aoiouat  o(  air,  and  the  first  step  in 
any  system  of  ventilation  would  naturally  be  to  decide  upon  the  amount  of  air 
nqiuimd. 

Amottnt  of  Air  Rebuffed  for  VeatUation.  Authorities  differ  greatly  on 
this  point,  except  that  for  school-buildings  it  is  generally  agreed  that  so  ox  ft 
of  aif  per  minute  for  each  occupant  or  i  8qo  cu  ft  per  hour  should  be  the  Sud- 
ani.* For  churches  the  same  amount  will  give  very  fair  ventilation*  but  Cot 
thiatcrs  and  auditoriums,  which  are  usually  more  closely  packed  and  ocoxpied 
for  a  longer  period,  the  air-supply  should  be  from  2  000  to  2  500  cu  ft  per  sittlAf 
per  hour.  Hospitals  require  the  greatest  air^lilution,  and  for  such  buildings  an 
air-supply  of  from  4  000  to  6  000  cu  ft  per  hour  for  each  bed  should  be  provided, 
depending  upon  th^  character  of  the  cases  treated,  contagious  diseases  naturally 
requiring  the  greater  amount.  The  quantity  of  air  required  is  sometimes  mea^ 
ured  by  the  number  of  times  the  air  in  a  room  will  need  to  be  changed,  but  to 
determine  this  accurately  it  is  necessary  to  fall  back  to  the  supply  per  person. 
Thus,  if  a  schoolroom  ty  by  31  ft  and  13  ft  high  contains  fifty  pupils  and  a 
teacher,  and  i  800  cu  ft  per  hour  is  required  per  person,  the  total  air-supply  re- 
quired per  hour  will  be  i  800  multiplied  by  51  or  91  800  cu  ft.  As  the  cubic 
capacity  of  the  room  is  11  232  cu  ft,  the  idr  in  the  room  must  be  changed  8.a6 
times  per  hour  to  supply  30  cu  ft  of  air  per  minute  to  each  person.  It  is  seldom 
that  the  air  in  a  rooin  is  changed  oftener  than  four  times  per  hour  by  natural 
ventilation. 

Valddty  of  Bntaiiag  Air.  The  velocity  of  the  air  through  the  inlet-«egis- 
tcrs  or  grilles  should  not  exceed  from  4  to  6  ft  per  second,  the  general  allowance 
being  s  ft  per  second  when  the  inlet  is  7  ft  or  more  from  the  floor. 

'  Estimating  Quantity  of  Air.  The  quantity  of  atr  passing  through  a  flue 
or  opening  is  measured  by  multiplying  the  sectional  area  of  the  flue,  or  the  net 
area  of  opeitfng  In  square  feet,  by  the  velocity.  Thus  with  a  velocity  of  5  ft 
per  second  the  quantity  of  air  passing  through  an  unobstructed  opening  i  ft 
square  will  equal  5  cu  ft  per  second,  300  cu  ft  per  minute,  or  18  000  cu  ft  per 
hour.  Vdodties  of  air  are  measured  by  an  instrument  called  an  ansmoueies. 
'  Location  of  Inlet  and  Outlet.  W.  R.^riggs,  of  Bridgeport,  Conn.,  some 
years  ago  demonstrated  quite  conclusively  that  in  a  rectangular  room  of  moder- 
ate slxe  the  best  results  are  obtained  when  the  inlet  is  in  an  inner  wall  near  the 
ceiling  and  the  outlet  is  nearly  under  the  inlet  and  close  to  the  floor.  This  b 
now  the  general  practice  in  well-dedgned  schoolhouses,  and  for  churches  and 
hospitals  when  warmed  by  Indirect  radiation.  For  cubical  rooms  not  exceeding 
30  ft  square  the  author  considers  that  one  inlet  is  better  than  several.  In  the 
Veptilatlon  of  theaters  the  air  Is  sometimes  admitted  through  the  celling,  but 
more  pften  through  the  risers  of  the  floor  or  through  specially  designed  seat-ends. 

8iaa  of  Fluaa .  The  si^  of  the  flues  both  for  inlet  and  outlet  is  detenainisd 
by  th0  quantity  of  air  to  be  moved  and  its  vekidty,  or 

_^      ,  t  a     '       **      quantity  of  air  In  cubic  feet  per  minute 

sectional  area  of  flue  m  sq  ft  - V~: — r— ; r-~ 

velooty  m  feet  per  nunuta 

'  ""Hit  amount  is  ncMrad  by  Uw  in  UaaiaohiisitU,  Utah,  lUnob,  Indiana,  0Uo»  ete. 
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The  actual  velocity  wQl  depend  upon  the  motive  power,  the  length,  size, 
shape  and  surface  of  tbe  flue,  the  number  of  turns  or  offsets,  and  whether  the 
flue  ia  vertical  or  horiaontal,  so  that  after  the  theoretical  slae  of  the  flue  has  been 
determined,  the  actual  sixe  will  oftentimes  need  to  be  increased  by  an  amount 
which  must  be  determined  largely  by  the  Judgment  of  the  designer.  For  this 
reaaon  conaidenble  pimctical  experience  with  forced  hot-air  heating  and  ventllat- 
lag  IB  raquired  to  lay  out  the  system  of  flues  to  the  best  advantage,  and  the 
architect  when  designing  such  a  plant  will  do  well  to  secure  the  assistance  of  an 
expert.  With  fao-systema  ol  ventiktloB  the  inlet-openings  should  be  of  such  slae 
that  the  required  amount  of  air  may  be  introduced  with  a  velocity  not  exceeding 
500  ft  per  minute  when  the  inlet  is  5  ft  from  the  floor  or  988  ft  per  minute  when 
the  inlet  ia  in  the  floor  or  In  the  walls  near  the  floor.  In  figuring  the  size  of  ordi- 
nary registeiB  the  required  area  should  be  increased  about  50%  to  allow  for  the 
griUes  or  pattern.  With  light  grilles  of  M«  by  Mt-in  iron  an  allowance  of  10% 
will  ordinarily  be  suffideot.  The  velocity  of  the  air  in  vehtigal  vlvea  supply- 
ing the  mleta  should  not  esceed  that  through  the  opening  by  more  than  50%, 
which  gives  a  velocity  in  the  vertical  flues  of  from  500  to  800  ft  per  minute.  The 
rate  of  flow  through  the  connections  to  the  base  of  the  flues  should  in  turn  be 
higher  tbM  that  through  the  fluei,  while  the  vdoclty  in  the  main  horiaontal 
distiibutiiuHlucta  should  be  ftiU  higher.  *<In  fact,  in  schools  and  churches  the 
plan  should  be  to  gradually  reduce  vdodties  from  the  point  of  leaving  the  fan  to 
the  point  of  discharge  to  the  rooms.  Careful  investigation  has  shown  that,  every* 
thing  considered,  the  velodty  in  the  main  horiaontal  ducts  from  the  fan  should 
not  fall  below  i  50Q  ft  per  minute  and  preferably  a  000  ft  per  minute. "  *  The 
siae  of  veut-flues  or  eduction-flues  when  air  is  forced  into  the  rooms  by  a  fan 
should  be  from  two-tbirda  to  thiee-fourths  the  sectional  area  df  the  induction^fluea. 


Table  Showiiig  the  QwatftF  ef  jar.  te  Cohio  Feet.  Diecharged  per  Mhiute  Throiigb 

a  Fhie  e(  WWoh  the  Cceet^Sectioaal  Area  ia  One  Souar e  Foot 
nmmNAL  rmtmAivtm  tm  ram  Am,  33*  P.;  auowamcb  kw  vriction,  90  fba  cbnt 
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Velocity  of  Air  in  Vertical  Flnei  Due  to  Bzpanaion  by  Heal.  The 
velocity  of  air  in  a  heated  flue  is  dependent  upon  the  excess  of  temperature  of  the 
air  in  the  flue  above  that  of  the  room  or  space  into  which  the  flue  empties*  the 
height  of  the  flue,  the  loss  by  friction  and  the  pressure  which  must  be  rensted 
by  the  entering  air.  Thus  in  a  room  heated  by  indirect  radiation  or  a  warm- 
air  furnace,  if  no  provision  is  made  for  ventilation  the  heated  air  must  force  its 
way  into  the  room,  pushing  out  an  equal  volume  of  air  around  doois  or  windows* 
while  if  there  is  a  good  ventilating  flue  the  movement  of  air  into  the  waim-air 
flue  is  assisted.  The  table  preceding  this  paragraph,  quoted  by  various  writer^ 
shows  the  velocities  *  of  air  that  may  be  expected  in  vent-flues  under  the  con- 
ditions noted.  To  detennine  the  number  of  cubic  feet  of  air  discharged  per 
HOUR  per  square  foot|of  cross-section  of  the  flue,  multiply  the  figures  in  the 
table  by  60.  While  this  table  does  not  strictly  apply  to  flues  conveying  warm 
air  into  a  room  it  b  sufficiently  accurate  for  practical  purposes.  In  residence- 
heating  the  velocity  in  flues  in  feet  per  minute  is  likely  to  be  as  follows:  First 
stoiy,  from  150  to  240;  second  stoiy,  300;  third  story,  360;  fourth  stoxy,  4»o. 
Also  in  usual  conditions  of  residence-heating  the  temperature  of  the  air  in  the 
supply-flues  averages  about  30*^  F.  above  the  temperature  of  the  air  in  the  room. 

Shape  and  Material  of  Air-Ducta.  The  smoother  the  surface  of  a  flue  the 
less  will  be  the  friction  of  the  air  against  it  and  the  greater  the  velodty.  Hot- 
air  or  warm-air  flues  should  alwasrs  be  made  of  metal,  preferably  galvanized 
iron  for  flues  exceeding  la  in  m  diameter.  Brick  flues  should  be  Uned  with  tin 
or  galvanized  iron  when  they  convey  warm  air,  not  only  to  reduce  the  friction 
but  also  to  lessen  the  cooling  of  the  air.  When  brick  flues  are  used  for  ventila- 
tion lining  is  not  so  necessary,  although  it  will  materially  increase  the  draft. 
Regarding  the  shap^  of  the  flue  or  duct,  round  iMpes  are  the  best,  and  square 
pipes  next  best,  and  rectangular  pipes  ^ouki  always  be  made  as  nearly  square 
as  possible.  With  indirect  or  natural  systems  of  ventiUtion  each  inlet-register 
should  be  supplied  by  a  separate  pipe  from  the  heater,  and  but  one  pipe  should 
be  taken  from  a  steam  or  hot-water  stack.  With  forced  systems  of  waiming  and 
ventilation  all  of  the  air  from  the  heater  often  enters  one  huge  main,  from  which 
distributing  pipes  are  taken  off  to  supply  the  risers  to  the  registers.  With  this 
system  no  branches  should  leave  the  mains  at  right-angles,  but  should  branch  off 
at  an  angle  of  45**  with  easy-radius  curves  in  all  cases.  No  90**  elbow  should  be 
made  with  less  than  seven  pieces  or  less  inside  radius  than  the  diameter  of  the 
pipe.  No  45"  elbow  should  be  made  of  less  than  four  ineces.  Each  and  every 
branch  air-duct  to  flues  should  have  a  damper  near  the  base  of  the  flue,  and  at 
every  Y  in  the  S3rstem  there  should  be  placed  a  reguUting  damper.  All  of  these 
dampers  and  fenders  should  be  adjustable.  Upon  completion  of  the  system, 
these  dampers  should  be  adjusted  by  trial  so  that  each  register  will  receive 
its  proportionate  supply  of  air,  and  should  then  be  set.  All  warm-air  pipes 
shouki  be  covered  with  one  thickness  or  several  thicknesses  of  asbestos  paper 
to  reduce  the  loss  of  heat. 

Natural  Systems  of  Heating  and  Ventilating.  All  systems  in  which  the 
air  moves  upwards,  due  to  the  expansion  caused  by  its  own  heat,  are  com- 
monly classified  as  natural  systems.  With  such  systems  the  ventilation  is 
sometimes  caused  by  AsrautlNG  shafts  or  Urge  flues,  each  containing  a  heater 
of  some  sort  at  its  base  to  increase  the  temperature  of  the  air  in  the  flue  and  thus 
increase  the  velodty.  Except  where  they  can  be  heated  without  additwnal  cost, 
aspirating  shafts  are  not  as  economical,  as  a  rule,  as  fans.  Buildings  containing 
but  one  large  room  can  generally  be  fairly  well  ventilated  by  using  a  heavy  gal- 
vanized-iron  smoke-flue  for  the  furnace  or  boiler  and  locating  the  flue  in  the 
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center  of  a  large  brick  chimnQr,  utiliziiig  the  space  around  the  flue  for  venti- 
lation. The  heat  which  escapes  from  the  flue  will  cause  a  good  draft  vnthout 
additional  cost.  A  draft  may  also  be  produced  in  a  vent-flue  by  means  of  coils 
of  steam-pipes  placed  in  the  flue  just  above  the  air-inlet,  or  a  gas-heater  may 
be  employed  for  heating  the  flue.  The  draft  produced  by  aspiration  is  not  usu- 
ally suf&dent  to  draw  air  any  dbtance  through  horizontal  ducts.  Natural  sys- 
tems of  ventilation  are  only  effective  when  used  in  connection  with  warming 
and  afford  no  ventilation  in  warm  weather. 

Fan-Systems  of  VentiUtion.  Ventilation  by  means  of  a  fan  may  be  effected 
by  either  of  two  systems:  (i)  by  the  Pi£Ninc-SYSTEii,  in  which  the  air  is  forced 
into  the  room  to  be  warmed  and  ventilated,  or  (2)  by  the  exhaust-system, 
in  which  the  air  is  exhausted  from  the  room. 

The  Ezhaiist-System.  There  are  many  objections  to  the  adoption  of  thu 
system,  and  as  a  rule  it  should  be  avoided  when  the  plenum  method  can  possibly 
be  used.  With  the  exhaust  system  a  partial  vacuum  is  created  within  the 
room  and  all  currents  and  leaks  are  inward,  so  that  air  rushes  around  doors 
and  windows,\forniing  unpleasant  and  sometimes  dangerous  currents  of  air. 
The  circulation  of  the  air  in  the  room  is  also  less  thorough  when  exhausted  than 
when  forced  ip.  The  exhaust-system  as  a  rule  b  used  principally  for  affording 
ventilation  in  hot  weather  or  for  removing  disagreeable  odors,  dust,  etc.,  for 
which  purpose  it  is  both  economical  and  effective  when  properly  installed. 

The  Plenttin-System,  or  Hot-Blast  System,  on  the  other  hand,  maintains 
a  slight  pressure  in  the  room  or  rooms  ventilated  and  the  leakage  is  outward 
instead  of  inward.  By  this  S3^tem  the  temperature  of  the  air  and  point  of 
admission  are  completely  under  control.  For  heating  and  ventilating  theaters, 
hospitab  and  large  schools  and  churches  this  is  undoubtedly  the  best  ssrstem  that 
can  be  employed,  and,  with  the  possible  exception  of  churches,  is  as  economical 
of  fuel  and  maintenance  as  an  indirect  steam-heating  plant,  while  affording 
superior  ventilation  and  greater  comfort.  This  S3rstem  has  also  been  applied 
to  office-buildings,  factories  and  buildmgs  used  for  various  purposes.  The  sys- 
tem may  be  used  in  summer  as  well  as  in  winter,  and  by  providing  a  cooling- 
chamber,  the  air  may  be  cooled  to  any  desired  temperature.  As  ordinarily 
installed  a  forced-blast  system  consists  of  a  heater  and  fan  with  flues  and  ducts 
for  conveying  the  air  to  the  various  apartments  as  explained  on  page  1234,  and 
the  entire  apparatus,  with  the  exception  of  the  vertiod  flues,  is  usually  located 
in  the  basement. 

Two  systems  of  ducts  are  commonly  employed,  the  single-duct  and  double- 
duct  S3rstem.  A  typical  arrangement  of  the  single-duct  system  is  shown  in 
Fig.  36.  The  fan  is  located  at  one  side  of  the  fre^h-air  chamber,  so  that  air  is 
drawn  into  it  at  A  and  is  forced  through  the  heater  into  a  warm-air  chamber 
from  which  one  large  duct  with  distributing  branches  is  taken  off.  A  by-pass 
is  provided  so  that  a  portion  of  the  air  passes  under  the  heater  without  bdng 
warmed,  and  by  means  of  a  damper  at  the  mouth  of  the  duct  more  or  less  of 
the  cool  air  may  be  mixed  with  the  heated  air  as  desired.  With  this  ^stem  all 
of  the  air  conveyed  through  the  ducts  is  of  the  same  temperature.  With  the 
double-duct  system  the  upper  duct  conveys  only  warm  air  and  the  under  duct 
cool  air,  and  the  mixing-damper  is  placed  at  the  bottom  of  the  riser  to  each  outlet. 
By  this  S3rstem  the  temperature  of  the  air  to  each  room  may  be  regulated  inde- 
pendentiy  of  the  others.  A  modification  of  the  single-duct  sj^tem  is  commonly 
used  in  heating  schools  in  which  a  large  double  chamber  is  located  near  the 
heating-stack,  one  portion  being  at  all  times  filled  with  warm  air  and  the  other 
portion  with  cool  air.  From  this  double  chamber  a  single  duct  is  led  to  each 
room,  and  the  connection  is  made  with  the  chamber  in  such  a  way  that  either 
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all  warm  or  all  cool  aivj  or  any  propottkm  of  bothi  biajr  bd  admitted  into  the 
duct»  the  mlzitig  being  controllod  by  a  damper  operated  by  a  tbermoatat  pittcscd 
in  the  room  with  which  the  duct  connects*  This  anmniement  saves  the  coat  of 
running  two  pipes*  and  when  a  thennoatat  fegulatiilf -apparatus  ia  tiled  to  am- 
trol  the  dampen^ia  the  ttost  practical  system.    When  there  are  sdvend  nxHss 


C^ 


fig.  $6.    Type  of  Sbftle^Qct  SysteA  of  Pafi-vefitdatloa  ind  Seating 


to  be  warmed  and  a  thermostatic  regulating-apparatus  is  not  employed,  so  that 
the  mixing-dampers  must  be  operated  by  hand,  the  double-duct  system  should 
be  employed. 

The  system  shown  in  Fig.  36  answers  very  well  for  warming  churches  and 
auditoriums.  Fig.  37  shows  the  Knowles  Mushroom  Ventilator  with  cast^ixiMi 
sleeve.  It  is  especially  adapted  for  concrete  floors.  It  is  made  with  a  4H  or  a 
5-in  opening  and  a  6-in  sleeve.  When  the  fan  is 
to  be  run  in  warm  weather  provision  sbowld  be 
made  so  that  a  volume  of  air  equal  to  the  entire 
capacity  of  the  fan  air  may  pass  around  the 
heater.  By  the  arrangement  illustrated  in  Fig. 
36  the  fan  is  placed  between  the  heater  and  the 
cold-air  chamber  and  forces  the  air  through  the 
heater.  The  fan  may,  however,  be  placed  on 
the  other  side  of  the  heater  so  as  to  pull  the  air 
through  it  by  exhaustion,  at  the  same  time  fores 
ing  the  heated  air  into  the  ducts.  Both  anaage* 
mcnts  are  used,  but  the  former  is  the  one  mors 
commonly  employed.  With  the  forced-blast 
systems  of  warming  and  ventilating  a  freah-air 
chamber  of  ample  size  must  be  provndcd  adjacent 
to  the  fan  or  heater  and  communicating  with 
the  outside  air  by  a  large  duct,  the  opening  to 
which  should  be  located  as  high  above  the  ground  as  practical  tibnditioaa  wiH 
admit. 

Foreed  BlMt  in  Connection  with  Warm-Air  FttmlicM.  Seteral  scboola 
and  churches  have  been  succeaefully  warmed  and  ventilated  by  utilising  wann^ 
air  furnaces  of  the  long  tubular  pattern  to  eupply  the  heat  and  an  elactrio 
motor  to  furnish  the  power.    For  churches  of  moderate  siae  this  system  wmild 


Fig.  37.  Mushroom  Ventilator 
With  Cast-iron  Sleeve.  Es- 
jjetUlly  Adapted  for  Con- 
cseteFlooni 
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appear  to  have  some  advanta^^es,  eipeeially  in  ooonomy,  over  the  steam- 
systems.  A  descriptkm  of  such  a  system  with  UhistrationB  may  be  found  in 
Mr.  F.  E.  Kidder's  book  on  Chuffchea  and  Chapela,  pa«a  148. 

Viiui.  Four  types*  of  fans  are  used  in  connectSon  with  the  heating  and 
ventilating  of  buildings,  the  disk-fan,  the  steel-piate  blower  or  paodix- 
WQEEL  FAN,  the  MULTIVANE-PAN  and  the  CONE-FAN.  The  DISK-FAN  rcccives  the 
air  at  one  side  and  delivers  it  at  the  opposite  aide,  the  principal  notion  of  the 
air  being  parallel  with  the  axis.  Thb  type  is  only  used  for  exhausting  air,  and 
is  commonly  used  for  ventilating  single  rooms  in  warm  weather.  Most  of  the 
dectric-fans  used  for  ventilating  kitchens^  restaumnts,  etc.,  are  of  this  type. 
Hie  BLOWER  OR  TOE  PASDLE-WRECL  PAN  are  the  t3rpes  commonly  used  with 
the  forced-blast  systems  of  heating.  It  is  aet  in  a  steel  casing  and  is  provided 
with  from  six  to  ei^t  blades.  The  tips  of  the  blades  are  beat  backward  with 
respect  to  the  drec^on  of  rotation.  The  multivank-pan  is  provkled  with 
numerous  blades  with  the  tips  bent  forward.  TUs  fan  has  great  capadty  In 
proportion  to  the  space  occupied.  A  wieU*k]iown  example  of  this  type  is  the 
Sirocco  fan  made  by  the  American  Blower  Company,  and  also  the  Sturtevant 
Multivane  fan  made  by  the  B.  F.  Sturtevant  Company.  The  cone-pan  is  a 
spedal  type  of  the  paddle-wheel  fan  with  converging  entrance-passages.  A  fan 
of  high  efficiency  is  made  by  the  Bu£falo  Forge  Company.  Fans  may  be  driven 
from  a  running  countershaft,  from  an  engine  directly  connected,  or  from  an 
electric-motor  or  water-motor.  Fans  are  commonly  driven  by  an  electric-motor 
and  this  will  be  found  the  most  convenient  power  under  most  conditions.  In 
schools,  which  are  not  used  much  in  warm  weather,  and  in  buildings  where 
steam  is  kept  up  all  the  year  round,  a  small  s^eam-engine  will  generally  be 
most  economical,  espedally  when  the  exhaust-steam  can  be  used  for  heating. 
All  fans  make  some  noise,  hence  they  should  be  located  where  th^  will  be 
heaid  the  least. 

Capacity  of  Fans.  The  catalogued  capacities  of  all  makes  of  fans  are  their 
capacities  when  running  light  in  the  open  air,  not  being  attached  to  any  ducts 
or  heating-coib.  These  capacities  will  be  reduced  from  25  to  $0%  when  so 
attached,  depending  on  the  length  of  the  ducts  and  the  method  of  distribution. 
In  6guring  capacity  of  fans  for  fordng  air  through  heating-coils  and  ducts  it  is 
customary  to  call  the  peripheral  velocity  of  the  fan-blades  equal  to  the  Unear 
velocity  of  the  air,  and  to  take  one-«alp  of  the  theoretical  delivery  as  the  actual 
effidency.  Tlie  perip'ierel  vekxdty  is  obtained  by  multiplying  the  revolutions 
per  minute  by  the  drcumferencs  of  the  wheel.  Thus  a  fan  6  ft  in  diameter  run- 
ning 200  revolutions  per  minute  has  a  peripheral  velocity  of  200  x  18.84 ""  3  7^8  ft 
per  minute.  Deducting  50%  for  loss,  the  actual  velocity  of  the  air  would  be 
I  884  ft  per  minute.  The  discharge-opening  in  a  fan  6  ft  iq  diameter  will  have 
a  section-area  of  at  least  xi.5  sq  ft.  Multiplying  this  area  by  the  working 
velocity  we  have  91  666  cu  ft  per  minute  as  the  probable  actual  discharge  of  the 
fan.  F.  K.  Still,  of  Detroit,  who  has  had  extensive  engineering  experience  with 
forced-blast  systems,  says  that  the  MAXmuif  liicit  op  speed  without  serious 
noise,  of  a  pressure-blower  having  from  six  to  eight  blades,  is  2  500  revolutions 
per  minute,  and  that  except  in  rare  cases  the  blower  should  run  at  from  iflo  to 
200  revolutions  per  minute.  The  multivane-type  of  fan  is  adapted  to  run  at 
high  speeds  without  noise  up  to  i  500  revolutions  per  minute.  With  a  disk-fan, 
used  for  ventilation  only,  the  velodty  shouki  never  exceed  900  ft  per  minute. 
As  exptained  above,  the  actual  capadty  when  CDnnected  with  a  heating  and 
ventHating-system  will  be  reduced  from  25  to  90%  |rom  the  values  in  the  t^le 

*  The  types  of  fans  are  tOostntod  in  Cafpeatflt't  HMting  and  V«iitiU^{^ 
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on  this  page,  while  the  horse-powers,  on  the  other  hand,  are  probably  some- 
what in  excess  of  those  actually  required.  For  further  information  on  this 
subject  the  reader  is  referred  to  the  catalogues  of  the  various  manufacturers 
of  blowers,  and  to  R.  C.  Carpenter's  Heating  and  Ventilating  Buildings.  The 
following  rule  is  given  by  the  author  for  determining  the  approximate  capacity 
of  fans  of  standard  proportions. 

Approximate  Rule  for  Determining  the  Capacity  of  Fans.  The  capacity 
of  fans,  expressed  in  cubic  feet  of  air  delivered  per  minute,  is  equal  to  the  cube 
of  the  diameter  of  the  fan-wheel  in  feet  multiplied  by  the  number  of  revolutions 
per  minute,  multiplied  by  a  coefficient  having  the  following  approximate  value: 

For  a  fan  with  a  single  inlet  delivering  air  without  pressure^  0.6;  delivering  air 
with  pressure  of  i  in,  0.5;  delivering  air  with  pressure  of  x  ox,  04.  For  fans 
with  double  inlets  the  coefficient  should  be  increased  about  50%.  For  prac- 
tical purposes  of  ventilation  the  capacity  of  a  fan  in  cubic  feet  per  revolution 
will  equal  0.4  the  cube  of  the  diameter  in  feet.    Expressed  as  a  formula 

m  which      Q  -  cubic  feet  per  minute; 

D  «  diameter  of  fan- wheel  in  feet; 

n  —  number  of  revolutions  per  minute. 

Table  of  Capacity  and  Power  Required  for  Steel-Plate  Bloweia  of  Texioos 

Siiea 
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Power  Required  for  Fane.  The  effidency  of  fans  under  working  condi- 
tions aversffes  about  50%.  Consequently  the  actual  power  required  will  be 
double  the  theoretical. '  The  theoretical  power  can  be  expressed  by  the  follow 
ing  formula 

Hi...  0*1.-1- 

6347  3665 

in  whkh         H^.  -  theoretical  horse-power; 

Q  *■  cubic  feet  of  air  per  minute; 

h'  -  pressure  of  air  in  inches  of  water; 

0  -  pressure  of  air  in  ounces  per  sq  inch. 

CHIMNETS* 

Objoet  A  chimney  is  required  for  two  purposes,  (i)  to  create  the  draft 
necessary  for  the  proper  combustion  of  the  fuel,  and  (3)  to  furnish  a  means  of 
^^'•rharging  the  noxious  products  of  combustion  into  the  atmosphere  at  such  a 
height  from  the  ground  that  they  may  not  prove  a  nuisance  to  people  living  in 
the  vicinity  of  the  chunney.  A  good  draft  is  absolutely  essential  to  the  satis- 
factory and  economical  working  of  either  a  heating  or  power-plant,  and  it  is 
poor  economy  to  build  too  small  a  stack  and  thus  limit  the  boiler-capacity. 
Where  the  gases  of  combustion  are  poisonous,  as  in  the  case  of  smelters,  or 
spedally  qozious,  tall  chimneys  enhance  the  value  of  surrounding  property,  if 
in  a  town,  far  more  than  the  cost  of  the  chimney,  and  should  be  required  by 
law. 

Theory  of  Chimney8.t  To  produce  an  efifective  draft  in  the  furnace  a 
chinmey  requires  size  and  height.  Each  pound  of  coal  burned  yields  from  15 
to  30  lb  of  gas,  the  volume  of  which  varies  with  the  temperature. 

The  Weight  of  Oee  carried  off  by  a  chinmey  in  a  given  time  depends  upon 
three  things,  size  of  chimney,  vdodty  of  flow  and  density  of  gas.  The  density 
decreases  directly  as  the  absolute  temperature,  while  the  velocity  depends  on 
the  intensity  of  the  draft  and  the  frictional  resistances  of  the  stack,  breeching, 
boiler-passes  and  fuel-bed.  In  designing  a  stack  it  must  be  made  of  sufficient 
height  to  give  the  proper  available  draft  above  the  fire  in  the  furnace-chamber, 
and  to  accomplish  this  for  the  operating  and  furnace-conditions  which  exist  at 
some  power-plants,  it  must  often  be  250  ft  high  or  over. 

The  Intensity  of  Dntft  at  the  base  of  the  stack  is  independent  of  the  size, 
if  the  small  amount  of  friction  which  exists  in  a  well-designed  stack  is  neglected. 
It  will  depend  upon  the  difference  in  weight  of  the  outside  and  inside  colunms 
of  air,  whkh  varies  directly  with  the  product  of  the  height  into  the  difference  of 
temperature.  This  is  usually  stated  in  an  equivalent  column  of  water  and  may 
vary  from  o  to  possibly  2  fai. 

To  Find  the  Mazimimi  Dntft  for  any  given  chimney  the  heated  column 
being  6x3^  F.  and  the  external  air  62**  F.,  multiply  the  height  above  the  giate» 
in  feet,  by  0.0075.  The  product  is  the  draft-power  in  mches  of  water.  The 
DmNSiTY  or  DKAFT  required  varies  with  the  kind  and  condition  of  the  fuel 
and  the  thickness  of  the  fires.  Wood  requires  the  least  and  fine  coal  or  slack 
the  most.    To  bum  anthracite  slack  to  advantage  a  forced  draft  of  from  i  to 

*  The  Editor-in-chief  hss  received  valuable  assistance  and  data  for  the  revision  of 
this  subject  from  Hemy  C.  Meyer,  author  of  Steam  Power-Plants.  Their  Design  and  Con- 
structk>n,  the  Babcock  ft  Wflcoz  Company,  the  Alphons  Cuatodis  Chhnney  Construc- 
tion Company,  H.  R.  Hefaiidce,  The  Heine  Chutoney  Company  and  TheJM.  W.  Kdk>cg 
Company. 

t  Baboock  ft  Wila»  Compeoy. 
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2  In  of  water  u  n«teasaiy  in  addition  to  thd  chunnfey-drtit  A  cUftuMj  with 
GiAct^LAH  cttOBS-sKcnoNd  18  bettof  tlu&  one  with  square  cross-seotionb  and 
one  in  which  thb  cro8»-Mctional  area  is  the  aame  throughout  its  height  ia  better 
than  one  in  which  this  area  decreases  with  the  height.  The  cioss-sectional  area 
at  the  topi  however,  may  be  either  larger  or  smaller  without  particular  detriment. 

Chimneys  for  Polrer-Plants  ^ 

Size  of  Chimneys  for  Power-Mtnts.*  The  effective  Kttx  or  a  CBtioffBY 
for  a  given  power  varies  inversely  as  the  square  root  of  the  height.  The  actual 
area,  in  practice,  should  be  greater,  because  of  retardation  of  velocity  due  to 
friction  against  the  walls.  On  the  basis  that  this  is  equal  to  &  layer  of  air  2  in 
thick  over  the  whole  interior  surface,  and  that  a  commercial  horse-power  re- 
quires the  consumption  of  an  average  of  5  lb  of  C6al  per  hour,  we  have  the  foUow- 
ing  formulas: 

£;-^-^-o.6V5  (1) 

B-^i^aEVk  (2) 

5*ia-\/S  +  4  Ca) 

^-i5.$4yi  +  4  (4) 

Cs) 


m 


in  which  B  »  horse-power;  k  «  height  of  chimney  in  feet;  E  -  effective  area 
and  A  ■«  actual  area  in  square  feet;  S  -  side  of  square  chimney  and  D  -  diam- 
eter in  inches  of  chimney  with  ciiciilar  cross-section.  Hie  following  table  of 
sizes  of  chimneys  was  calculated  by  means  of  these  formulas. 
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CommeKial  hone-power  capacities  of  boder 
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'  These  fonnuiaa  are  Kiven  by  Kent,  and  are  gentt«l|y  aecfcpUd  ift  ■^^V" 

Digitized  by  VjOOQIC 


Chimneys  for  Hoti^Heaten 


IW 


81m  of  Cilamtyi  for  fioiifeA^HMtdrt.  Chimotty^flues  M  htAttAg-tLpptL- 
ratus  should  be  ample  in  size  and  carried  as  nMriy  stnUght  Aft  posAible  fnin  a 
point  near  the  teUar-floor  to  Above  the  highest  ptojectioh  of  the  noft  They 
should  be  ind^itedeBt,  having  ilo  connection  with  other  flues  or  opening  and 
always  of  the  same  Area  from  top  to  bottom.  A  wdl^jofaited  tfle  flue,  prefer^ 
ably  roUndi  ia  better  than  a  square  brick  flue  of  fauger  area.  The  chfmney^fltic 
should  be  carried  3  or  4  ft  below  the  smoke>pipe  entrance  and  provided  with  a 
deanniUt  door  at  the  base,  tightly  fitted*  to  facilitate  the  nmoval  df  sccumu^ 
lated  dust  and  soot.  The  siae  of  flues  may  be  caleulated  from  the  follbwing 
table: 


Total  cubic 
contents  01 
buildiugt 

Cttft 

Averaseof 

dlttct  radiation. 

steam. 

■qft 

Tile  flues. 

etandard  siacs, 

square  or 

rsctangular, 

outside 
dimensions. 
In 

Tile  dues. 

slies,  round, 
nmae 

in 

BHck  tiues. 
inside 

in 

• 

to  000  to  aoooo 
3$  000  to   5^  Ooo 

00  000  XO  100  OOG 

i«o  000  to  150  9bo 

aooto    400 

4Soto    900 

X  oootoz6oo 

xtfootojooo 

8HX8V4 
8HX13 
13    X13 
18    XX8 

8 
10 
u 

8X8 
8Xi4 
tiXri 
t6Xi6 

The  above  tabte  gives  tht;  ptobable  sise  of  brtck  flues  tbt  bbiMiiigs  of  VAribus 
cubic  contents.  It  is  approximately  correct  and  may  b^  used  In  deteritilnin^ 
the  dke  of  a  chitnney  during  preliminary  operations  for  thfe  prepankiton  M 
building-plans;  the  exact  size  shouM  be  determined  after  the  Actual  amoutlt  of 
radiatbn  for  a  buikling  is  determined.  Indirect  radiation  should  be  counted  as 
50%  more  than  direct  radiation  and  corresponding  areas  of  flues  be  proVidisd 
for.  The  amount  of  radiation  deterinines  the  requisite  size  bf  boiler,  and  there- 
fore the  area  of  the  flue.  No  chlniney-fiue  should  be  leto  than  8  in  in  depth» 
nor  of  a  smaller  tht  than  the  smoke-pipe  from  the  heater.  For  a  itltt^!^ 
nxifot.  an  8  by  8>m  tile  flue  vrill  generally  answer,  but  an  8  by  la-in  flue  is 
better.  For  mspLAces  the  sectional  area  of  the  flue  for  burning  wobd  olf 
bituminous  coal  shouM  be  ffbm  one^tenth  to  one-eighth  that  of  the  flreplace^ 
opening  for  a  rectangular  flue  and  one-twelfth  for  a  dmilAf  ftae.  Pbr  bliftilng 
anthradte  coal  the  above  proportkMis  may  be  reduced  to  dne-tweifth  And  out' 
sixteenth  respectively.  Wheti  practicable,  chimneyi  ^honkl  extend  above  the 
highest  surrotniding  loel,  to  prevent  down-draft  caused  by  eddies.  Wheh  thift  fis 
impracticable  a  revolving  cUmney^top  will  often  prevent  doWfi-dTAffai.  They 
may  also  often  be  avoided  by  covering  the  top  of  the  chimney  with  a  stone  flag 
and  leaving  openings  in  two  parallel  siaes  of  the  chimney,  the  sides  parallel  to 
the  ridge  of  the  adjoining  roof  or  building  being  closed.  The  walls  or  the 
TLUE  should  be  as  smooth  as  possible.  Tile  flue-lining  is  preferable.  Brick 
flues  should  be  either  smoothly  plastered  on  the  inside  with  rich  lime  mortar 
or  the  joints  should  be  filled  full  and  struck  with  the  pdtit  of  the  ttoWel;  If 
the  bricks  are  laid  in  cement  mortar,  the  author  recommends  fetrikifig  the  jtihits 
instead  of  plastering.  The  walla  of  attached  chhnneya  with  flues  not  excwNiil^ 
8  by  12  in  may  be  4  in  thick  for  heights  of  so  ft.  Fines  ta  by  Z3  in  and  hutdr 
should  have  walls  8  in  thick  to  within  10  ft  of  the  top.  Aside  from  strength 
or  stability,  thick  walls  are  preferable  to  thin  walls. 

Stability  of  Chi^iiiAyAi  A  general  rule  for  the  diameter'of  the  bate  of  briek 
chimneys  standing  free,  approved  by  mafiy  years  of  ptActKaMn  Engbuxd  a^ ' 
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the  United  States,  is  to  make  the  diameter  of  the  base,  or  the  »de  of  a  square 
chimney  one-tenth  of  the  height. 

Conttmctioii  of  Brick  Chimneys.  "For  chimneys  of  4  ft  in  diameter  and 
100  ft  high  and  upwards,  the  best  form  is  drcuUr  with  a  straight  batter  on  the 
outside.  A  drcular  chimney  of  thb  size,  in  addition  to  being  cheaper  than  any 
other  form,  is  lighter,  stronger,  and  looks  much  better  and  more  shapely. 
Chimneys  of  any  oonsklerable  height  are  not  built  up  of  uniform  thickness 
from  top  to  bottom  nor  with  a  uniformly  varsdng  thickness  of  wall,  but  the 
wall,  heaviest  of  course  at  the  base,  is  reduced  by  a  series  of  steps.  All  bdler- 
chimneys  of  any  considerable  size  should  consist  of  an  outer  stack  of  sufficient 
strength  to  give  stability  to.  the  structure  and  an  inner  stack  or  core  inde- 
pendent of  the  outer  one.  This  core  is  by  many  engineers  extended  only  to 
a  height  of  50  or  60  ft  from  the  base  of  the  chimney,  but  the  better  practice 
is  to  run  it  up  the  whole  height  of  the  chimney.  It  may  be  stopped  o£F, 
say,  a  couple  feet  below  the  top  and  the  outer  shell  contracted  to  the  area  of 
the  core,  but  the  better  way  b  to  run  it  up  to  about  8  or  12  in  from  the  top  and 
KMt  contract  the  outer  shdl.  But  under  no  cirounstances  should  the  core  at 
its  upper  end  be  built  into  or  connected  with  the  outer  stack.  This  has  been 
done  in  several  instances  by  brick-layers,  and  the  result  has  been  the  expansion 
of  the  inner  core,  which  lifted  the  top  of  the  outer  stack  squarely  up  and  cracked 
the  brickwork.  "1[ 

Notwithstanding  the  above,  a  number  of  tall  brick  chimneys  have  been  built 
without  an  interior  wall. 

Thickneit  of  Walla.  The  following  is  considered  as  a  general  guide,  only, 
for  the  thickness  of  the  outer  walls  of  tall  chimneys;  the  whole  subject  of  tall 
chimneys  is  quite  complicated  and  for  definite  results  in  any  particular  case  the 
services  of  an  expert  engineer  must  be  employed:  For  the  first  25  ft  from  the 
top,  one  brick  (8  or  9  in);  for  the  second  25  ft,  one  and  one-half  bricks,  and  so 
on,  increasing  one-half  brick  for  each  25  ft  from  the  top  downwards.  If  the 
inside  diameter  exceeds  5  ft  the  top  length  should  be  one  and  one-half  bricks, 
the  next,  two  bricks,  etc.;  if  under  3  ft,  the  top  may  be  one-half  brick  for  to  ft. 
The  batter  should  be  not  less  than  x  in  36  to  give  stability.  The  inside  core 
may  be  4  in  thick  for  25  ft  from  the  top,  then  8  or  9  in  for  50  ft.  Two  chim- 
neys of  the  Edison  Station,  Brooklyn,  each  150  ft  high,  have  inner  cores  80  ft 
high  and  one  brick  thick  for  the  full  height,  the  first  50  ft  being  of  fire-brick. 

Fire-Brick  Lining,  If  a  chimn^  has  but  one  wall  it  shoukl  be  lined  with 
fire-brick  for  at  least  30  ft,  and  if  it  has  an  inner  core,  the  latter  is  usually  built 
of  fire-brick  for  30  or  50  ft  from  the  bottom.  The  top  of  tall  brick  cfaUnneya 
should  be  protected  by  a  cast-iron  cap,  which  shoukl  be  connected  by  a  large 
copper  wire  to  an  electrical  ground  driven  into  dan^>  earth. 

List  of  Tall  Chimneys 

Diam. 
Height,  inside 
ft       at  top. 
ft 
*Great  Falls,  Mont.,  Boston  &  Montana  Consolidated  Copper  and 

Silver  Mining  Co 506       50 

tFrdberg,  Saxony,  Germany,  Halsbrttcke  Foundry 460         8 

Glasgow,  Port  Dundas,  ScotUnd,  F.  Townsend 454 

*  Constructed  by  the  Alphons  Custodis  Chhaaey  Construction  Company,  New  Yotk 
City, 
t  Constructed  hy  H.  R.  Hdnkke.  Incorpocaied,  New  Yoik  City. 
Y  From  The  Locomotive.  1884  and  1886. 
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UsI  of  Ttll  Chiameyt  (ContbiiMd) 

DUm. 

Height,  iaside 

ft       attop, 

ft 

Glasgow,  St.  Rollox.  Scotland,  Tenant  &  Co 436H     . . 

Creuflot,  Fnmce,  Messrs.  Musprath  Chemical  Works 406 

Halifax,  Dean  Clough  Mill,  Scotluid,  Messrs.  Crossley's 381 

*£aston,  Pa.,  C.  K.  Williams  &  Co 375         7 

Li^cashire,  Bolton,  England,  Dobson  &  Barlow 367 

^Rochester,  N.  Y.,  Eastman  Kodak  Co.  (two  chimneys) 366  9  and  xj 

'Constable  Hook,  N.  J.,  Orford  Copper  Co.  (two  chimneys) . » . .  365        to 

Boston,  Mass.,  Fall  River  Iron  Co 350       xx 

Chicago,  111 3SO 

'Newark,  N.  J.,  Heller  &  Merz  Company 3So         8 

IHerculaneum,  Mo.,  St.  Joseph  Lead  Co 350       so 

East  Newark,  N.  J.,  Clark  Thread  Co 335 

Barmen,  Prussia,  Germany,  Wesseniield  &  Co 331 

Edinburgh,  Scotland,  Gas-Works 339 

fCopper  HiU,  Tenn.,  Tennessee  Copper  Co 3^5        ^ 

tindianapolis,  Ind.,  Indianapolis  Traction  Co 320        13 

Huddersfiekl,  England,  Brook  &  Son,  Fire-clay  Works 3x5 

Smethwick,  England,  Adams  Soap-Works 312 

'Providence,  R.  I.,  Rhode  Island  Suburban  Railway  Co 308        16 

•New  York  City,  N.  Y.,  New  York  Steam  Heating  Co 308        15 

Carlisle,  England,  P.  Dickon  &  Son 300 

Bradford,  England,  Mitchell  Brothers 300 

'Garfield,  Utah,  American  Smelting  and  Refining  Co 300       30 

'Hayden,  Ariz.,  American  Smelting  and  Refining  Co 300        25 

tMcGUl,  Nev.,  Steptoe  Valley  Traction  Co 300        15 

(Douglas,  Ariz.,  Copper  Queen  Consolidated  Mining  Co 300       22 

Greenhithe,  Kent.,  England,  J.  C.  Johnson 297 

Lowell,  Mass.,  Merrimac  Manufacturing  Co. 283 

Dundee,  Scotland,  Camperdown,  Linen  Works,  Cox  Bros 282 

Creusot,  France,  Schneider  &  Co 280 

*New  York  City,  Manhattan  Railway  Co 278        17 

Darwin,  North  Lancashire,  Darwin  &  Mostyn  Iron  (^ 275 

Pittsburgh,  Pa 275 

'Philadelphia,  Pa.,  Southern  Electric  Light  and  Power  Co 275        18 

•Kansas  Qty,  Mo.,  Metropolitan  Street  Raflway  Cb 265        x6 

{Solvay,  N.  Y.,  Solvay  Process  Co 263        X2 

Lancashire,  Eng.,  Barrow-in-Furness,  Hematite  Iron  Co 259 

Bradford,  England,  Manningham  MUIs,  Lester  &  Co 256^    . . 

jNew  York,  N.  Y.,  New  Yoric  Assay  Office 256         7W 

Manchester,  N.  H.,  Amoskeag  Manufacturing  Co 255 

West  Cumberland,  England,  Hematite  Iron  Works 250 

Lancaster,  England,  Story  Brothers 250 

Lawrence,  Mass.,  Washington  Mills 250 

fMcGill  Nev.,  Steptoe  Valley  Traction  Co 250        X3 

'  Constrncted  by  the  Alphoos  Custodia  Chimney  Coostruction  Company,  New  Yotk 
City, 
t  Coostracted  by  H.  R.  Hemkke,  Incorporated.  New  York  City. 
X  Comtnicted  by  The  Hnie  Chhnney  Company,  Chlcigo,  HI. 
f  Coostracted  by  The  M.  W.  KeDogg  Company.  New  York  City.  r^^^^T^ 
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Ufll  «I  Till  Oblam«ys  (0«n«teiMa) 

Hdgfat,  inside 
ft      attQ|», 
ft 

^Kansas  CHy,  Mo.,  Annour  Packing  Co t$o        14 

^Boston,  M«ss.,  Ediaoa  Electric  Ilhimlnatuig  Co 150        16 

*New  York  City,  Jacob  Ruppert  Ice-Plant 950        10 

fRqcklord,  Del.,  Jos.  Bancroft  &  Sons 050        14 

tNiagara  Falls,  N.  Y.,  Acker  Process  Co 250        loH 

fiDotroiti  Mich.,  Solvay  Process  Co 150        14 

{Baptist's  Island,  P.  Q.,  Wajraganack  Pulp  and  Paper  Co 950        lo 

Cheshire,  England,  Connah's  Quay  Chemical  Co «45 

^Kansas  City,  Mo.,  Consolidated  Electric  Light  and  Power  Co.  943        10 

Bradford,  England,  Newland's  Mill 140 

^Cleveland,  Ohio,  Cleveland  City  Railway  Co 940        13 

Boston  Nftvy  Yard,  Mass. 939 

tChicago,  IU„  Scars-Roebuck  Co 939        14 

Providence,  R.  I.,  Narragansett  E.  L.  Co 938 

fDayton,  Ohio,  National  Cash  Register  Co 937        14 

^MUlinocket,  Me.,  Great  Northern  Paper  Co 935        i* 

•Weehawken.  N.  J..  N.  Y.  C.  &  H.  R.  R.R.  Co 933        " 

Lawrence,  Mass.,  Pacific  Mills 233 

Hardvnch,  Dovercourt,  England,  Pattrle  &  Sons 930 

flndianapolis,  Ind.,  Indianapolis  Water  Co 930         9 

Lowell,  Ma«s.,  Fremont  &  Suffolk  Co 995 

^Milwaukee,  Wis.,  Pabst  Brewing  Co 995        11 

iWheaton,  III.,  Elgin,  Aurora  and  Chicago  R.R.  Co 995        xx 

iCanton,  111.,  Parlin  &  Orendorff  Co 995        X3 

fSo.  Bethlehem,  Pa.,  Didier  March  Co.  (four  chimneys) 915  8 

fNew  Orleans,  La.,  American  Sugar  Refining  Co.  (three  ch(mneys)  995        x  9 

tGrand  Rapids,  Mich.,  Waterworks 225        xo 

fLowell,  Mass.,  Hamilton  Manufacturing  Co 995        x  x 

*£dgewater,  N.  J.,  New  York  Glucose  Co 995        X9 

*Washington,  D.  C,  St.  Elizabeth's  Insane  Hospital 995        10 

Woolwich  Arsenal,  England,  Shell-Foundfy 924 

Northfleet,  England,  F.  C.  Gostling  &  Co 920 

IIElizabethport,  N.  J.,  Plymouth  Cordage  Co 220 

Ivorydale,  Ohio,  Procter  ft  Gamble 918 

Lawrence,  Mass.,  The  Tower  Pacific  Mills 915 

Philadelphia,  Pa.,  The  Fidelity  Insurance  Co 9X9 

Dewsbury,  England,  Olroyd  i.  Sons 910 

Lanarkshlve,  England,  Coltness  Iron-Works sto 

Wflmington,  Del..  City  Water-Works ee^ 

Philadelphia,  Pa.,  Finley  &  Schlecter 909 

Camden,  N.  J.,  Highland  Mill,  S.B.  Still  ft  Co 909 

Ironton,  Ohio,  Etna  Iron-Works soo 

Shamokin,  Pa.,  John  M.  Sharpless  ft  Co 900 

*  Coo9tnicted  by  the  Alpkons  Costodis  Chimney  Constnictkm  Company,  New  Yotk 
GUy. 

t  Constructed  by  H.  R.  Heinfeke.  Incorporated,  New  York  City. 
t  Constructed  by  the  Htiae  Chimaey  Conpeoy,  CbioBgD,  10. 
I  Constructed  by  The  M.  W.  CeQ<«i  Conpftiv.  New  Yeik  GHy. 
I  Reinforced  coDcnte. 
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Lift  of  TiB  Chlmnf y«  (CMitiiiii«4) 

DiiuB. 
Hfii^t.  iiiii<k 
f^      At  toy, 
ft 

Dulotli.  Mian., Hartnutu General  ElectricCo aoo 

Passaic  N.  J.,  Passaic  Print-Wor)u • * soo        ., 

tMiQAMpoUsi  Mtnnt,  Geoecal  JUectric  Co aoQ       i^H 

iKalanuuoo*  Micb^  Biyant  Paper  Ca sqq       io 

tChicasOk  III,  United  SUtes  Brewing  Co soo         B 

tBvtler,  Pa.,  Foised  SUael  Wheel  Co aoo       i  a 

ICodajT  Rapids,  la^  Sinclair  &  Co.,  Ltd «oo       lo 

^>etiDit«  Mich.,  Padtard  Motor  Car  Co 900       la 

iRohey,Ii»d.,  Western  ObicoM  Co........ aoo       10 

tSouth  Bethlehem,  Pa.,  Didier  March  Co 200       10 

Creuwt,  Fraoccii  Schneider  ft  Co. r97 

East  Newark.  N.J,  Clark'*  Thread-MiU igz 

Cleveland,  Ohio,  Ohio  KoUioc  Mill  Co 190 

Nottingham,  England,  Stanton  Iron  Co 190 

Deepear,  SheSeU.  England,  Fox  ft  Co x86 

Philadelphia,  Pa..  John  Uag  Paper-MlUs x8x 

Bayopae,  N.  J.,  Loinbard,  Ayies  ft  Co.  Oil  ilefinery x8o 

Winaipeg,  Man,  Winnipeg  Agrkultural  College 150        6 

t  CewtiiietedbrH.1t.HaiBick«,InBoipoiated.NewYeckCfty. 
I  GMetnici«d  hy  The  Umm  Ckmmy  Cofapeart  Chtcngo,  III 

Radial-Brick  Chlsiuieya.  These  chimneys  we  buUt  with  special  blocks 
formed  to  suit  the  drcuUr  and  radial  lines  of  each  section  of  the  chimney  so 
that  the  finished  brickwork  has  joints  of  an  even  thickness  throughout  and  a 
perfectly  mooth  surface.  The  blocks  being  much  larger  than  common  bricks, 
there  exe  only  from  one-third  to  one-half  as  many  joints.  Radial-brick  chim- 
neys are  always  circular  in  plan  above  the  base.  The  best  form  of  base  is  octag- 
onal in  cross-section  so  as  to  permit  the  breeching  to  enter  the  chimney  at  a 
flat  surface  and  at  the  same  time  comply  beet  with  the  ndee  of  stability.  £x« 
cept  for  chemical-works,  refineries,  furnaces,  etc.,  radial-brick  chimneys  are 
built  with  a  single  thell,  a  lining  only  being  provided  in  the  Immediate  vicinity 
of  the  flue-entrance.  All  radial  bricks  arc  perforated  vertically  and  this  insures 
thorough  burning  and  allows  the  mortar  to  enter  the  perforations,  thus  forming 
a  vertical  anchorage. 

Radial  bkicks  for  chimney-construction  have  been  used  extciwvely  In  Eng- 
Und, 'Germany.  France  and  Russia  since  JS70.  They  were  not  Introduced  Into 
this  country,  however,  until  1898.  About  forty-five  years  ago  (1869  or  1870) 
Alphons  Custodfs,  of  Diisseklorf.  Germai^,  originated  a  method  of  building  tall 
chimneys  of  perforated  radial  blocks,  made  from  selected  clay^  and  burned  at  a 
very  high  temperature,  and  in  1898  an  American  company*  wa«  formed  for  the 
purpose  of  erecting  chimneys  by  this  method  of  construction.  Since  that  thne 
the  company  through  various  agencies  has  buUt  more  than  six  thousand  cfatmneya 
in  all  parts  of  the  worM^  The  taBest  and  largest  chimney  in  the  worid  (i9i3)> 
506  ft  high  and  50  ft  in  Internal  (fiameter  at  the  top,  was  built  by  this  company 
in  1907  (or  the  Boston  ft  Montana  Consolidated  Copper  and  Silver  Mining  Com- 
pany, at  Great  Falls,  Mont. 

Mr.  H.  R.  Heinicke,t  of  Chemnlta,  Germany,  buHder  of  the  460-ft  stad:  at 

*  Alphons  CusledlB  Chlrnney  CenMructidB  Cenpaay,  New  Yoik  City, 
t  H.  R.  Hdafeke,  Incorponted,  New  YeA  City.  ^  1 
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Halsbriicke,  Germany,  has  employed  radial  bricks  made  especially  for  each 
chimney.  This  firm  has  erected  (up  to  1911)  over  350000  ft  of  chimneys  of 
various  diameters  in  all  parts  of  the  worM,  and  through  bng  and  costly  research 
has  done  much  to  make  chimney-building  a  science.  The  chimney  at  Hals- 
brUcke  b  a  very  remarkable  one  on  account  of  its  proportions.  In  a  height 
of  460  ft,  the  diameter  at  the  top  is  only  8  ft,  whereas  the  506-ft  stack  at  Great 
Falls,  Mont.,  has  a  diameter  of  50  ft  at  the  top. 

The  Heine  Chimney  Company*  has  erected  many  important  high  chimneys. 
The  essential  difference  in  the  methods  of  construction  used  by  this  company 
from  those  of  the  other  chimney-constructors  is  that  the  Heine  Chimney  Com- 
pany uses  perforated,  interijockxng,  radial  bricks.  It  is  claimed  that  this 
interlocking-feature  has  an  advantage  over  the  straight-sided  bricks  in  acting 
as  a  preventive  of  deep  weathering  of  the  joints  and  of  air-leaks.  In  additioa 
to  this  it  is  claimed  that  the  circumferential  strength  of  the  walls  when  bnilt 
of  this  type  of  bricks  is  considerably  greater  than  when  built  with  plain-sided 
or  corrugated  bricks.  The  perforations  in  these  bricks  are  fewer  but  larger  than 
those  of  some  of  the  other  constructors.  The  brickwork  is  laid  on  full-mortar 
beds  with  shoved  joints.  These  Urge  perforations  allow  the  mortar  to  rise 
in  them  thus  forming  pins  which  give  the  walls  great  strength  and  enable  them 
to  withstand  the  stresses  due  to  expansion  caused  by  the  high  temperature  of 
the  flue-gases.  In  walls  more  than  one  brick  thick,  the  bricks  are  laid  up  in 
English  bond,  that  is,  with  alternate  header  and  stretcher-courses.  This  com- 
pany advocates  this  method  of  construction  even  in  chimneys  built  with  the 
ordinary  straight-sided  common  buikling-bricks.  Among  the  many  important 
chimneys  constructed  by  the  Heine  Chimney  Company  is  the  one  erected  at 
the  St.  Joseph  Lead  Company's  plant,  at  Herculaneum,  Mo.  The  height  of 
this  chimney  is  350  ft  and  the  inside  diameter  at  the  top  30  ft.    (See  page  1626.) 

The  W.  M.  Kellogg  Company!  has  designed  and  built  many  radial-bri(± 
chimneys  for  power-plants,  chemical-works  and  other  purposes.  Several  of  the 
important  chimneys  put  up  by  them  are  mentioned  in  the  list  of  tall  chimneys 
already  given.  Some  of  the  details  of  construction  differ  from  those  of  the  other 
companies  mentioned.  One  of  the  points  of  difference  is  the  detail  relating  to 
the  corrugations  on  their  bricks.  These  corrugations  are  H  in  wide  and  H  m 
deep  and  are  placed  along  the  vertical  sides  of  the  bricks  as  they  lie  in  the  walL 
The  adhesion  between  the  bricks  and  mortar  is  increased  by  thb  increased  area. 
It  is  claimed  that  testa  made  show  that  this  is  the  case.  On  account  of  these 
corrugations  it  is  not  considered  necessary  to  embed  any  ironwork  in  these 
chimnesrs  to  prevent  the  development  of  cracks  due  to  heat-expansion.  Iron- 
work has  sometimes  been  inserted  when  plain-sided  bricks  have  been  used.  It 
Is  claimed  that  this  design  is  somewhat  heavier  than  that  employed  by  some  pther 
constructors,  thb  company  holding  that  it  b  not  safe  to  figure  on  wind-pressure 
of  less  than  25  lb  per  sq  ft  of  projected  area.  Among  the  many  tall  chimneys 
erected  by  thb  company  may  be  mentioned  especially  the  chimney  at  Douglas, 
Ariz.,  erected  for  the  Copper  Queen  Consolidated  Mining  Company. 

Reiiiforced-Coiicr«to  Chimneys.  Chimneys  constructed  of  reinforced  con- 
crete came  into  quite  extensive  use  in  the  United  States  about  1901  although 
some  were  built  before  that  time.  There  are  now  (1914)  several  hundreds  of 
them  in  use.  While  the  methods  used  in  their  construction  have  improved 
greatly  m  later  years  those  used  at  first  were  not  very  satisfactory  and  results 
prove  that  many  of  those  first  built  were  not  properly  constructed.  In  some 
instances,  no  doubt,  efforts  toward  speed  and  economy  reduced  the  quality 


*  The  Heine  Chimney  Company,  Chicago,  HI. 
t  The  ^.  M.  KeUoiK  Company.  New  Yock  City* 
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of  the  work.  There  seems  to  be  no  reason  why  a  tall  chimney  cannot  be  built 
properly  of  wdl-graded  and  properly-handled  concrete,  but  the  old  methods 
of  building  chimneys  of  dry  morUr  with  forms  which  have  to  be  removed 
every  day  led  to  trouble  in  the  past. 

Cases  have  been  noted  where  concrete  chimneys  have  been  taken  down  and 
where  it  was  found  that  there  was  insufficient  adhesbn  between  the  concrete 
and  the  steel  reinforcement.  It  is  claimed  by  some  that  the  ordinary  boiler- 
temperatures  in  chimneys  tend  to  destroy  the  life  of  the  concrete  and  in  time 
to  weaken  the  structures. 

In  regard  to  the  general  construction  of  reinforoed-concrete  chimneys: 
(i)   There  is  an  outer  main  shell,  a  lining  or  inner  shell  and  the  base. 

(2)  The  thickness  of  the  outer  shell  varies  from  4  to  6  in  at  the  top  and 
from  8  to  12  in  at  the  bottom,  the  height  and  diameter  of  the  structure  affect- 
ing these  details. 

(3)  The  thickness  of  the  inner  shell  is  usually  4  in  and  the  material  used  is 
fire-brick  or  concrete,  the  former  havfaig  greater  resistance  to  very  high  tem- 
peratures. 

(4)  The  reinforcement  usually  consists  of  H-in  rods  set  from  i  to  2  ft  on 
centers  and  placed  vertically. 

(5)  It  is  well  to  extend  the  lining  up  at  least  one-half  the  hdght  in  order 
to  prevent  cracking. 

(6)  The  resistance  to  wind-pressure  is  taken  care  of  by  the  outer  main 
shell  which  is  designed  to  resist  also  the  temperature-stresses  due  to  the  differ- 
ence in  temperatures  of  the  interior  and  exterior  of  the  chimney. 

(7)  As  in  all  chimneys,  the  area  of  the  base  of  the  chimney  is  designed  to 
resist  the  greatest  pressure  on  the  earth  or  foundation-bed  caused  by  the 
dead  load  of  the  chimney  itself  and  the  increased  vertical  pressure  due  to  the 
wind,  And  in  the  calculations  for  the  resistance  of  the  structure  to  wind-pressures 
engineers  assume  from  25  to  50  lb  per  sq  ft  on  the  projected  area.  The  latter 
pressure,  however,  probably  exceeds  any  ever  exerted  against  a  structure  of 
thisUnd. 

(8)  Experiments  which  have  been  made  on  the  effect  of  winds  of  high 
velocity  against  flat  surfaces  seem  to  indicate  that  a  pressure  of  about  20  or  25 
lb  i>er  sq  ft  are  actually  safe  theoretical  maximums. 

Self-ftuitaiiiiiig  Stetl  Chimneyi  are  largely  used,  espedally  for  tall  chimneys 
of  iron-works  and  power-houses  from  150  to  300  ft  in  height. 

"The  advantages  claimed  are:  Greater  strength  and  safety;  smaller  space 
required;  smaller  cost  by  30  to  50%  as  compared  with  brick  chimnesrs;  avoid- 
ance of  infiltration  of  air  and  consequent  checking  of  the  draught,  common 
in  brick  chimneys.  They  v^  usually  made  cylindrical  in  shape,  with  a  wide 
curved  flare  for  10  to  25  ft  at  the  bottom.  A  heavy  cast-iron  base  plate  is 
provided,  to  which  the  chimney  is  riveted,  and  the  plate  is  secured  to  a  massive 
foundation  by  holding-down  bolts.    No  guys  are  used."  * 

*  Mechanical  Eiigincen'  Pocket-Book,  WUiam  Ktot 
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HtBEAOUCS,  PLUMBING  AND  DftAmAGC,  ILLtJMI- 
NAITOG-OAS  AND  OAS-PIFING 

By 
J.  J.  COSGROVE 

eORSttiTmo  sAmtASY  taatsttsL 

(X)   HTDRAULIG8 

Watar  is  pracdcftUy  an  incompressible  liquid,  wdghing,  at  tKe  average  tonper- 
ature  of  6a^  F.,  62.355  ^  to  the  (u  It  and  6435  lb  to  the  gaDon.  These  figures 
change  slightly  with  changes  in  temperature  and  atmospheric  pressure,  and  a 
slight  variation  for  the  same  temperature  will  be  found  in  different  works. 

Pmaove  of  Watar*  The  piessiire  af  atiU  watef  in  pounds  per  square  inch 
*  against  the  sides  of  any  pip^or  vcatel  of  any  shape  whatevtt  ia  due  alone  to  the 
HEAD,  or  height  of  the  surface  of  the  water  above  the  point  considered  pressed 
upon,  and  is  equal  to  o^^a  lb  per  so  in  for  eveiy^  foot  of  head  at  62*"  Fi  The 
fluid-pressure  per  square  inch  is  equal  in  all  directions.  To  find  the  total  pres- 
sure of  quiet  water  against  and  perpendicular  to  any  surface^  whether  vertical* 
horizontal,  or  inclined  at  any  angle,  whether  it  be  flat  or  cutved,  multiply 
together  the  area  fax  squafe  feet  of  the  surface  fsresied,  thd  v«rtical  depth  of  its 
center  of  gravity  beloW  the  surface  of  the  waleri  and  the  constant  fia^.  The 
product  will  be  th«  reqiiinsd  piesniro  in  pounds.  This  may  be  expressed  by 
formula  as  foUoWss 

in  which 

P  m  the  pressure  In  pounds  of  quiescent  water  on  the  surface  tonsidered; 
it  ^  the  area  pressed  upon  in  square  feet;  and 


Dmthn  vertical  depth  in  feet  of  center  of  gravity  ol  surface  considered. 


Table  A.    Preesnre  In  Pounds  per  Square  Inch  for  I)ifferent  Beads  ol 
Waier  in  l^eet 


Head, 
ft 

6 

i 

2 

3 

4 

^ 

•  6  : 

r 

8 

9 

0 

0.433 

0.866 

z.a99 

1.732 

2. 165 

2.598 

3.031 

3.464 

3.897 

10 

4.330 

4.763 

5.196 

5.6S0 

6.062 

6.495 

6.928 

7.361 

7.794 

8.227 

20 

8.660 

9093 

9.526 

9.959 

IC.3^ 

xo.825 

11.258 

IX. 691 

12.124 

12.557 

30 

12.990 

13423 

13.856 

14.289 

14.722 

15.155 

15.588 

16.021 

X6.454 

X6.887 

40 

17.320 

17.753 

18.186 

18.619 

19.052 

19.485 

19.918 

20.351 

20.784 

21.917 

50 

21.650 

22.083 

22.|X6 
26.'M 

22.949 

23.382 

23.81S 
»*.14S 

24.248 

24.681 

25.XI4 

25.547 

60 

25.980 

26.413 

^.m 

9^.7t« 

2«.S78 

29.0tX 

i9.444 

29.877 

70 

30.310 

30.743 

31.176 

31.609 

32,e4» 

39.4W 

»9« 

33341 

337^4 

34.207 

80 

34.640 

3S.073 

35.506 

35939 

36.372 

36.808 

37.138 

37.671 

38.104 

3^.537 

90 

38.970 

39.403 

39.836 

40.269 

40.702 

41.135 

41.568 

42.001 

42.436 

4A.867 

TlM  pfasttte  for  graater  heads  cad  be  readily  found  fay  multipliatioft  or  addi- 
tSon;  thus,  the  pfcasure  for  a  head  of  iioft  k  ten  times  that  for  ix  Iti  The  psea* 
sure  for  X18  ft  is  equal  to  the  pt^ssuit  for  tio  ft  $dua  that  for  ftSti 
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now  of  Water  in  PIpoa.  Owing  to  the  many  practical  and  variable  ooi^ 
ditions  which  affect  the  flow  of  water  ki  pipes,  such  as  the  smoothness  of  the 
pipe,  number  and  character  of  the  joints,  bends  and  valves  in  the  pipe,  to  say 
noting  of  the  size  and  length  of  the  pipe,  all  formulas  for  the  velocity  and 
discharge  of  water  in  and  through  pipes  can  only  be  considered  as  approximate. 
The  following  fonnulas  and  data  are  taken  lazgely  from  the  National  Tube 
Company's  Book  of  Standards,  1902  edition.  They  agree  fairly  well  with 
similar  tables  by  Kent  and  Trautwine,  both  of  whom  devote  much  space  to  this 
subject.  The  quantity  of  water  passing  through  a  given  pipe  is  governed  by 
the  sectional  area  of  the  pipe  or  outlet  and  the  mean  velocity.  The  velocity 
depends  primarily  upon  the  euessukb  or  bead,  and  is  greatly  affected  by 
mcnoN,  which  again  varies  with  the  smoothness  of  the  bore,  the  diameter 
and  length  of  the  pipe,  and  whatever  obstructions  there  may  be  in  the  pipe. 
The  HEAD  is  the  vertical  distance  from  the  surface  of  the  water  in  the  reservoir 
to  the  center  of  gravity  of  the  lower  end  of  the  pipe  when  the  discharge  is  into 
the  air,  or  to  the  level  surface  of  the  lower  reservoir  when  the  discharge  is  under 
water.  When  the  pressure  is  produced  by  mechanical  means,  the  head  of  water 
in  feet  may  be  readily  determined  by  the  foUowing  table: 


Table  B.«    Far  Convertiiig  PrMwre  ia  Ponnds  per  Sqaaf«  Inch  into  Head  of 
Water  hi  Feet 

sure 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

23.0947 
46.X894 
69.364X 
92.3788 
115.473s 
138.5682 
x6x.66a9 
184.7576 
207.8523 

2.309 

25.404 
48.499 
71.594 
94.688 
1X778 
X40.88 
163.97 
187.07 
210.16 

4.619 
27.714 
50.808 
73.903 
96.996 

120.09 

143.19 
X66.26 
189.38 

212.47 

6.938 
30.023 
53.118 
76.2x3 
99.307 
122.40 
145.50 
168.59 
191.69 
214.78 

9.238 
32.333 

55.427 
78.522 
101. 6a 
124.71 
147.81 
170.90 
194.00 
217.09 

11.547 
34.642 
57.737 
80.831 
10393 
126.02 
150.  X2 
173.21 
196.31 
2x9.40 

13.857 
36  952 
60.046 
83.141 
X06.24 
129.33 
152.42 
17S.S2 
198.61 

22X.7X 

X6.I66 
39.261 
62.356 
85.450 
108.55 
131.64 
154.73 
177.83 
200.92 

224.03 

18.476 
41.570 
64.665 
87.760 
XXO.85 
13395 
157.04 
180. 14 
203.23 
226.33 

JO.TftS 
43.880 
66.975 
90.069 
XU.16 
136.26 
15935 
182.45 
20554 
228.64 
1 

*  Tables  A  and  B  are  exact  for  water  at  63*  F.  and  (or  atmospheric  pressure  at  14.7 
lb  per  sq  in. 

To  find  the  volodty  of  water  discharged  from  a  pipe-line  k>nger  than 
four  times  its  diameter,  knowing  the  head,  length  and  inside  diameter,  use  the 
following  formula: 


^-"^Vz^ 


in  which 

V  "  approximate  mean  velocity  in  feet  per  second: 

M  -  coefficient  from  the  table  below; 

d  -  diameter  of  pipe  in  feet; 

k  -  total  head  in  feet; 

L  ••  total  length  of  line  in  feet. 

The  following  coefficients  are  averages  deduced  from  a  large  number  of  experi- 
ments. In  moat  cases  of  pipes  carefully  laid  and  in  lair  oonditioD»  th^  should 
give  results  vaiyiog  not  more  than  from  5  to  10%, 
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Diameter  o£  pipe  is  feet 

J     M 

^  L^-SAd 

o.os 

o.io 

o.so 

I 

IS 

2 

3 

4 

m 

m 

m 

m 

m 

m 

m 

m 

0.00$ 

39 

31 

33 

35 

37 

40 

44 

47 

O.OI 

34 

3S 

37 

39 

42 

45 

49 

53 

0.09 

39 

40 

4a 

45 

49 

Sa 

S6 

59 

o.oo 

41 

43 

47 

SO 

54 

57 

6o 

63 

o.ps 

44 

47 

sa 

54 

56 

fo 

«4 

67 

O.IO 

47 

SO 

54 

S6 

58 

69 

66 

TO 

o.ao 

48 

SI 

SS 

58 

te 

64 

67 

70 

Given  the  head.  A  -  50  ft;   the  length,  £  -  5  280  ft  and  the  diam- 
eter, d  «  3  ft;  to  find  the  velocity  and  quantity  of  dischaiiKe. 
Substituting  these  values  in  the  foregoing  formula,  we  get 


^/  dxh         4/    2X50~      A  /loo 

y  L+S4d  "  VsaSo+ioS"  ¥5388"®*'^ 


In  column  headed  * 


A  /     hd 

I  y  7 3  find  o.io,  which  is  the  value  nearest  to  0.136, 

▼  X.  +  54  w 

and  look  along  th»  fine  until  column  headed  2  is  reached;  then  read  62  as 
the  value  of  coefficient  m. 

Then  v«  6a  x  0.136  •■  843a  ft  per  sec,  the  velocity  required. 

To  find  the  diacharge  in  cubic  feet  per  second,  multiply  this  velocity  by 
area  of  cross-section  of  pipe  in  square  feet. 

Thus,  3.1416  X  (i)*  X  8w(32  -  26.49  cu  f t  per  sec. 

Since  there  are  7.48  gal  in  a  cubic  foot,  the  dischaige  in  gallons  [>er  second  *• 
2649  X  743  -  i9«-2. 

The  above  formula  is  only  an  approximation,  since  the  flow  is  modified  by 
bends,  joints,  incrustations,  etc. 

To  find  the  head  in  feet  necessary  to  give  a  stated  discharge  in  cubic  feet, 
use  the  formula 

0.000704  Q*(£-f  54^ 


in  which 

k  -  total  head  in  feet; 

L  «  total  length  of  line  in  feet; 

d  -  diameter  of  pipe  in  feet; 

Q  ■■  quantity  of  water  in  cu  ft  per  seoood. 

Bxample.  Given  the  diameter  of  pipe,  d  -  0.5  ft;  the  length  of  pipe,  L  » 
20  ft;  and  the  quantity  of  water  to  be  discharged,  g  •  3-07  cu  ft  per  sec;  to 
find  the  nec^ssaiy  head. 

Substitnting  these  values  in  the  above  formula,  we  get 
0.000704  X  9.4  X  (ao-h  27) 

(o.5)» 

0.000704  X  9*4  X  47  ,^  ,.  •    J  ..     J 

, tr2 — zn — 21  «  g.gj  ft  the  reqmied  head. 

003125  n  ] 
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The  foUowing  fonnula  is  simpler  and  can  b«  UMd  when  54  i  in  idaticm  to 
X^  is  80  small  as  to  be  negligible: 

.     e.eooy04<?*xX 

*- — ^ — 

If  the  pipe  instead  of  being  straight  has  easy  curves  (say  with  radius  not  less 
than  five  diameters  of  the  pipe)  either  horizontal  or  vertical,  tbe  dischaige  will 
not  be  materially  diminished  90  long  as  the  total  beads  and  tptal  actual  leagths 
of  pipe  remain  the  same,  but  it  is  advisable  to  make  the  radius  as  much  more 
than  five  diameterB  at  can  cooveniently  be  done. 

To  find  the  diameter  of  a  pipe  of  given  length  to  deliver  a  given  quantity  of 
water  under  a  given  head  use  the  following, 


in  which 

d  -  diameter  of  pipe  En  feeti 

Q  «  cubic  feet  per  second  delivend; 

L "»  length  of  line  in  feet; 

h  -  head  in  feet. 

Biample.  Given  the  bead,  A»  700  ft;  the  length  d  pipe,  Lm  ^aop  ft; 
the  quantity  to  be  delivered,  Q  -  4  cu  ft  per  sec;  requited  the  diameter  of  pipe 
necessary. 

Substituting  these  values  in  the  foregoing  formula,  wc  get : 


I-o.234y — 


^^  ■•  o.«34  ^^57  •  0.545  ft  -  6.54  In 
700 


To  find  the  diameter  of  pipe  required  to  deliver  a  given  quantity  of  water 
with  a  given  head. 

Role,  (i)  Reduce  the  head  to  feet  per  100  ft;  (2)  from  Table  C,  page  i9$9, 
find  the  discharge  for  the  head  thus  obtabed  through  a  pipe  z  ft  in  diaroeter; 
(3)  divide  the  required  discharge  by  that  obtained  from  Table  C;  look  for  the 
quotient  in  the  column  of  Table  D,  p4ge  1300,  headed  Ratio  of  Discharge,  etc, 
and  opposite  it,  in  the  adjoining  columns  of  the  table,  will  be  found  the  re- 
quired diameter. 

Note. .  The  use  of  Tables  C  and  D  gives  results  sui&ciently  convct  for  pipes 
less  than  700  diameters  m  length. 

Bnmple.  If  the  head  of  water  from  a  reservoir  to  the  pomt  of  delivery  b  20 
ft  in  a  dbtance  of  i  860  ft,  what  is  l]ie  diameter  of  a  pipe  required  to  ddiver  6 
cu  f t  of  water  ptx  second? 
ao  ft  bead  in  x  860  ft  -  30/18.60  ft  in  looftor  i«^5  ft  in  100 
From  Table  C  we  find  that  the  discharge  per  second  with  a  bead  of  1.136  ie 
3.989  cu  ft;  for  a  head  of  ijo7$  it  would  be  about  3^  cu  ft.  Diyidioff  the  re- 
quired discharge  6,  by  3.8  cu  f t  per  sec,  we  have  1.58.  From  Table  D  the 
diameter  of  pipe  having  a  ratio  of  discharge  equal  to  1.58  is  found  to  be  about 
14H  in;  therefore  we  must  use  a  15-in  pipe  to  obtain  the  required  discharge.  If 
the  required  dischatgo  i$  in  galkos,  divide  by  7*5  to  reduce  to  cubic  feet  K  Id 
cubic  feet  per  minute,  divide  by  60  to  reduce  to  feet  per  second. 


yGoogk 


HydmtilkB 


1390 


Tmble  C.    VctecMiMi  and  DiMtaMgM  TtarM^  a  8Mlilii»  SdMlh  Pipe  One 
Foot  in  Diameter  and  One  MUe,  or  5  a8o  Diameten.  in  Length 


Hibdiiifwi 
perieoft 

Head  ia  feet 
per  mile 

XS^'JII 

Dtfchangein 

cubic  MBt 

perBoc 

per34bouf8 

0.0566 

3 

I.t3 

0.8914 

t^ 

0.0758 

4 

1.31 

X.018 

6.0947 

o.ixas 

i 

\& 

liJfi 

W403 

o.l3tS 

7 

\1& 

X.306 

O.I5I4 

8 

1.455 

i^% 

0.1703 

9 

1.96 

0.1894 

10 

2.08 

'  i*^ 

166  333 

0.aa73 

13 

2.37 

0.d6j|a 

^ 

\& 

1^9^ 

O.JQSO 

\% 

'tSifi 

o'StS 

18 

3.78 

30 

3.93 

3.3(IX 

198809 

IM 

30 

3.« 
3.99 

3.573 
3.8I9 

333  U6 
143604 

oiw 

3.B8 
4- IS 

ii    ■ 

363  i6d 
383  288 

o.«5«3 

45 

5.08 

198  309 

?:f 

% 

\% 

^^ 

raad 
t.SiB 

s 

l:g 

4.602 

^2470 
397613 

^ 

6.33 

4.900 

433  435 

j:Jg* 

too 

\% 

5. 144 

%'^ 

2.^73 

130 

7.18 

s'si 

487  209 

2.  J63 

xjt) 

7.47 

506  an 

2.052 

140 

7.76 

6!o94 

^531 

2.841 

liD 

8.(» 

6.332 

3JJSJI 

3.030 

160 

8.ao 

6.sa4 

!:i 

170 

8.9« 

«.tX0 

0loi7« 

1»0 
190 

8.80 
9.04 

?:?S 

196418 
W3440 
^704 

3.788 

300 

9.28 

7.276 

4.a6i 

22s 

9.84 

8!x68 

664848 

J:S 

250 

10.4 

705728 

27s 

10.8 

8.482 

733844 
769824 

5.02 
6.629 
7.570 

30O 

I1.3 

8.914 
9.621 

3S0 

12.3 

83x168 

400 

13.1 

X0.28 

888624 

8.S32 

4SO 

13.9 

10.91 

943056 

947 

Soo 

14.7 

XI. 50 

994032 

10.41 

§s 

15.4 

12.09 

1044576 

11.36 

x6.i 

12.64 

X  092  096 

12.30 

650 

16.7 

13.  XI 

XX32704 

I3.as 

700 

17.4 

13.66 

X  X80224 

14.20 

'& 

18.0 

14.13 

I  220832 

IS.  IS 

18.6 

14.55 

1257408 

16.09 

850 

19.1 

X5.00 

X296000 

17.04 

900 

19.6 

1539 

1329696 

17.99 

9So 

20.3 

XS.94 

X  377  216 

18.94 

1000 

20.8 

16.33 

I  411  456 

M.73 

1200 

22.7 

17.82 

JM 

26.52 

1400 

^1 

19.24 

30.30 

1600 

30.57 

1777248 

34.08 

x8oo 

27.8 

21.83 

x886  112 

37.87 

2000 

29.3 

23  01 

1988064 

47-35 

2500 

32.8 

35.73 

222x560 

S6.81 

3000 

35  9 

2819 

2436040 
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TaUe  D. 

muatUn  of  Pipes  and  Rat 

k)  of  Diidbaice 

Ratio  of  di^ 

Ratio  of  dia- 

Diameter 

Diameter 

charge  to  that 

Diameter 

Diameter 

chafsetotlMt 

of  pipe, 
in 

of  pipe, 
ft 

throiisha 

.  x-ft  pipe 

with  the  aame 

head  per  mile 

of  pipe, 
in 

of  pipe, 
ft 

thionaha 

x-ft  pipe 

with  the  same 

head  per  mile 

I 

0.0833 

o.ooao 

laH 

1.042 

1.X06 

•     xH 

o.zaso 

O.00S5 

X3 

Z.083 

X.221 

3 

0.1667 

0.0XX3 

X4 

X.X67 

X  470 

a^ 

o.ao83 

0.0x96 

X5 

x.aso 

X.746 

3 

o.asoo 

0.03x0 

x6 

X.333 

a.QS3 

3W 

0.2917 

0.0458 

X7 

1.4x7 

2.388 

4 

0.3333 

0.0643 

18 

IS 

a.7S4 

4H 

0.37S0 

0.0857 

X9 

1.S83 

3.153 

5 

0.4167 

o.ixi9 

20 

1.667 

3.585 

5H 

0.4583 

0.142a 

2X 

1.75 

4.051 

6 

o.S 

0x767 

22 

1.833 

4551 

6H 

O.S4I7 

0.2X59 

23 

1.9x7 

5.084 

7 

0.5833 

0.2600 

84 

2 

S.649 

7H 

0.6250 

0.3090 

a4H 

a.osa 

6.000 

8 

0.6667 

0.363X 

26 

a.x67 

6.9xa 

8H 

0.7083 

0.4220 

28 

a.333 

8.3x9 

9 

0.75 

0.4871 

30 

3.5 

9.8aa 

9H 

0.79x7 

0.5S7S 

30H 

a.sai 

xo.o 

zo 

0.8333 

0.6337 

31 

a.667 

IX  .6 

loH 

0.8750 

0.7157 

34 

a.833 

135 

XI 

0.9x67 

0.8044 

36 

3 

15.5 

xiH 

0.9583 

0.8967 

38 

3x67 

X7.8 

.    xa 

x 

X 

40 

3.333 

ao.a 

Thit  table  shows,  also,  the  relative  dischaxgiiigcapadtin  of  bagpipes.  Thus, 
one  xa-in  pipe  is  equal  to  two  9-in'  pipes,  to  nearly  six  6-in  pipes,  or  to  thirty- 
three  3-in  pipes. 
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Prea- 
rarein 
main, 
lb  per 
aqtn 

Diflcharie  in  cubic  feet  per  minute  froia  the  pipe 

Condition  of 

Nominal  diameters  of  iron  or  lead  service-pipe  in  inches 

H 

H 

H 

I 

iH 

3 

3 

4 

6 

TbiDiiKh 
3Sftof 
acnrke- 

back. 

30 

1. 10 

1.9s 

3.01 

6.13 

16.S8 

33-34 

88.16 

173.85 

444.63 

40 

1.27 

a. 23 

3.48 

7.08 

19.14 

38.50 

XOX.80 

300.75 

513.42 

SO 

1.4a 

a.48 

3.«9 

792 

31.40 

43.04 

X13.83 

224.44 

574.03 

te 

I.S6 

a.71 

4.36 

8.67 

2344 

47.15 

134.68 

245.87 

636.8X' 

75 

1.74 

303 

4.77 

9.70 

36.31 

S3.7X 

139.39 

274.89 

703.03 

100 

a.ox 

350 

550 

XX. 30 

30.37 

60.87 

160.96 

3x7. 4X 

8x1.79 

pflLMOTB 

130 

a.99 

3.99 

6.36 

13.77 

34.SI 

69.40 

183.53 

361. 9X 

9*5.58 

Through 
xooftof 
•ervke- 
pipe;  no 
bnck- 

30 

0.66 

X.16 

1.84 

3.78 

10.40 

31.30 

58.19 

1X8.13 

317.33 

40 

0.77 

1.34 

3.Y3 

4.36 

13.  OX 

3459 

67.  X9 

136.41 

366.30 

SO 

0.86 

x.so 

3.37 

4.88 

13.43 

37.50 

75.  X3 

152.51 

40954 

60 

0.94 

1.6s 

3.60 

534 

14.71 

30.13 

83.30 

167.06 

448.63 

75 

X.05 

X.84 

3.9X 

597 

16.45 

33.68 

93.OX 

X86.78 

501.58 

100 

1.39 

a.i3 

3.36 

6.90 

18.99 

38.89 

106.34 

215.66 

579.18 

premuv 

X30 

139 

3.42 

3.a3 

7.66 

21.66 

44-34 

X3X.I4 

245.91 

660.36 

Throni^ 
xooftof 
wrvke- 
pipe  and 
iS-ft  ver- 
tical rise 

30 

0.55 

0.96 

X.53 

3.  II 

8.57 

1755 

47.90 

97.17 

360.56 

40 

o.M 

I.X5 

1. 81 

3.73 

10.34 

30.95 

57.30 

xx6.oi 

311.09 

50 

0.75 

1.31 

3.06 

4.34 

11.67 

23.87 

65.18 

132.20 

354.49 

60 

0.83 

1.45 

a.39 

4.70 

13.94 

36.48 

73.38 

146.61 

393.13 

75 

0.94 

1.64 

2.S9 

5.33 

14.64 

39.96 

81.79 

165.90 

444.85 

xoo 

X.IO 

1.92 

3.03 

6.31 

17.10 

3S.OO 

9555 

193.82 

519.73 

130 

i.a6 

2.30 

J.48 

7.14 

19.66 

40.33 

109.83 

233.75 

59731 

30 

0.44 

0.77 

X.33 

3.S0 

6.80 

14.XI 

38.63 

78.54 

311. 54 

TnxOB^i 
no  ft  of 
•ervice- 
pipeand 
3»A  ver- 
tical fte 

40 

OSS 

0.97 

X.S3 

3.  IS 

8.68 

17.79 

48.68 

98.98 

366.59 

50 

0.6s 

I.X4 

1.79 

3.69 

10.16 

30.83 

S6.98 

115.87 

313.08 

60 

0.73 

i.aB 

2.03 

4.X5 

XX  .45 

23.47 

64.33 

I30.S9 

351.73 

75 

0.84 

1.47 

2.33 

4.77 

13.15 

36.95 

73.76 

X49.99 

403.98 

100 

1. 00 

1.74 

3.75 

S.6s 

15.S8 

31.93 

87.38 

177.67 

478.55 

130 

x.is 

3.03 

3. 19 

6.S5 

18.07 

37.03 

10X.33 

206.04 

554.96 

Table  E  may  also  be  used  when  the  pressure  is  b  feet-head  of  water  by  redudng 
the  head  in  feet  to  pounds  per  square  inch  by  Table  A.  Thus,  if  we  wbh  the 
diichaise  per  minute  through  a  H-in  pipe  xoo  ft  long  with  a  head  of  70  ft,  we 
find  fxom  Table  A  that  a  head  of  70  ft  corresponds  to  a  pressure  of  30  lb  per  sq 
in,  and  from  Table  E  we  find  the  discharge  through  a  H-in  pipe  100  ft  bng  with 
a  pressure  of  30  lb  to  be  x.84  cu  ft  per  minute. 
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I9bl2     Hydraulics,  Plumbing  and  Drainage,  and  Gas-Piping    Part  3 
Table  F.    Matiott  ^  Water  In  Pipea  tsMd  m  Bilk  and  Hoviaad's 

The  following  table  gives  the  friction-loss  in  pounds-pressure  per  square  inch 
for  EACH  xoo  ft  of  length  In  dean  Iron  pipes  of  different  sizes,  dischaiging  given 
quantitJOB  of  water  per  minute.  This  fricticin-loss  is  greatly  iocraased  by  bends 
or  irregularities  in  the  pipe. 


To  find  the  frictioo-head  m  feet,  muhlply  by  a^ 

Gallons 

Sizes  of  pipes,  inside  diameter 

per  minute 

H 

in 

lia 

iHin 

lHi» 

ain 

aHin 

3  in 

4  In 

S               3 

3 

l^ 

0.3X 

o.ia 

10             13 

.0 

I 

05 

Q.47 

o.xa 

15                  3fl 

7 

6.9« 

a 

38 

0.97 

o.a6 

• 

ao             50 

•4 

ia.3 

4 

07 

X.66 

0.42 

as             78 

.8 

X9.0 

6 

40 

a.6a 

0.64 

o.n 

o.xo 

o.n 

99 

a7.S 

9 

X5 

375 

0.91 

U 

37.0 

la 

4 

.5  05 

x.aa 

40 

48.0 

|6 

I 

6.Sa 

1.60 

o.ao 

45 

30 

a 

8.XS 

a.oa 

50 

a4 

9 

xo.o 

3.44 

"o^ii 

0.35 

•.09 

75 

•••«♦. 

5<> 

1 

a3.4 

Sia 

X.80 

0.74 

0.33 

100 

' ,, 

390 

9.46 

330 

I.3I 

0.33 

MS 

14-9 
ax.  a 

4.«9 
7.00 

X.99 
a.8s 

0.49 
0.69 
0.94 

i.aa 

ISO 

X7S 

aa.t 

946 
xa.4T 

3.8s 

aoo 

...... 

. .. 

,, 

, , 

378 

503 

290 

... 



... 

,. 

X9tf 

7.7« 

X.89 

390 



aS.ei 

XI. a 

».66 

350 

... 

.. 

.. 

15.  a 

^.6s 

400 

.. 

.. 

195 

4.73 

459 

... 

.. 

., 

as  0 

6.0X 

300 

... 

,. 

., 

30.8 

7.43 

6oo 

9.54 

TOO 

... 

S4-3a 

Wattr-Plpa  b  usually  tasted  to  900  lb  pressure  per  square  inch  before  ddhrciy, 
and  a  hamraer-test  should  be  made  while  the  pipe  Is  under  pressure.  The  vooal 
length  for  each  section  of  cant-Iron  water-pipe  Is  fiom  la  ft  4  In  to  xa  ft  6  in.  de« 
pending  upon  the  depth  of  the  socket,  each  length  making  approximately  xa  ft 
of  pipe  when  laid.  Pipes  from  a  to  4  in  diameter  are  sometimes  made  in  8  or 
9-ft  lengthi. 
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DUf eraat  Maoa  tad  TkUmaasaa 
Cakulatod  by  F.  IL  Lavk  fnm  Fawdag's  FanauU 


Thick- 

Siaaolpipa.ia 

4 

6 

8 

10 

xa 

X4 

neai. 

. 

in 

la 

1^ 

1^ 

1* 

h 

I4, 

is 

l^: 

la 

i. 

la 

845 

i 

A 

i 

^ 

W 

» 

£ 

w 

Mt 

%12 

ass 

49 

Iia 

x8 

4a 

. 

.... 

H 

93A 

516 

ia4 

aio 

74 

I7X 

44 

lOI 

24 

55 

. . . , 

.... 

M« 

Vfi 

774 

Z99 

4(8 

19> 

300 

49 

30S 

H 

143 

42 

97 

H 

374 

451 

186 

429 

13a 

304 

99 

aa8 

74 

170 

«Mt 

•  .» 

177 

408 

137 

3x6 

io4 

344 

M 

. ». 

2a4 

516 

174 

401 

138 

3x6 

»«• 

«.. 

.... 



am 

488 

I7P 

39a 

H 

.>. 

.... 

849 

S74 

aoa 

46s 

»M« 

... 

•  • . 

. .,. 

.... 

.  ..f 

. , . . 

234 

538 

I 

... 

... 

.... 

.... 

a64 

4ia 

i6 

X8 

ao 

^ 

30 

36 

H 

56 

129 

41 

95 

..,. 

... 

«Ht 

84 

194 

66 

l|a 

h 

1x8 

30 

49 

.... 

.... 

94 

Jia 

458 

9X 

aio 

74 

170 

49 

1x3 

84 

55 

>!<• 

140 

323 

X16 

347 

96 

aai 

48 

XS7 

30 

90 

u 

168 

387 

I4Z 

ats 

119 

274 

86 

X98 

54 

ia4 

33 

74 

«M« 

196 

4Sa 

166 

3to 

MX 

32s 

las 

342 

6» 

159 

44 

XOI 

X 

fa4 

S16 

191 

440 

144 

374 

124 

a86 

84 

194 

57 

X31 

iH 

ai6 

497 

m 

48X 

x4x 

37X 

XX4 

a63 

89 

l«9 

iH 

•  »« 

99^ 

589 

X99 

458 

X44 

33a 

X07 

247 

iH 

... 

... 

... 

237 

544 

X74 

401 

13a 

304 

iH 

... 

... 

.... 

.... 

ao4 

470 

X57 

342 

iH 

... 

»•• 

... 

.... 



234 

338 

X83 

419 

iH 

... 

... 

— 

— 

.... 

ao7 

477 

Waifbti  U  Laad  ud  Oukafti  for  Pbo- Joiati 
Daaaii  Loaf  fr  Compansr 


Diameter 

of  pipe. 

in 

lb 

Gaa^, 

lb 

Diameter 
of  pipe. 

Lead, 
lb 

Gasket, 
lb 

a 
3 

4 

6 

8 
10 

a.fi 

33 

4.S 
4.5 
9.0 
13.0 

o.xas 

0.X70 
P.XTP 
o.aoo 
o.aoo 
•  0.899 

u 
u 
x4 
x8 

90 

IS 
x8 
aa 
a4 
S3 

o.aso 
0.375 
0.500 
o.sop 
o.4as 
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Dcnab  Lfoag  &  Conpeny,  Inc.  LouiiTilk;  Ky. 

Diam- 

Thick- 

Weight 

Diam- 

Thick- 

Weight 

Diam- 

Thick- 

Weight 

eter, 

neee. 

per  ft. 

eter. 

nen. 

per  ft. 

eter. 

nan. 

per  ft. 

in 

in 

lb 

in 

in 

lb 

in 

in 

lb 

3 

H 

laH 

z6 

N 

xa9 

30 

a 

1 
Ma      1 

Mt 

IS 

H 

15a 

3S 

H 

394      1 

H 

i8 

1 

I 

X7S 

s 

Jb 

«• 

aoH 

X8 

H 

xao 

xH 

43a      , 

H 

23 

H 

X46 

iH 

483 

4 

H 

17 

H 

X7X 

xH 

S33 

Mt 

90 

I 

X97 

xH 

S»7 

H 

ajH 

xH 

833 

xH 

^ 

Mt 

a6fi 

xH 

349 

xM 

683 

H 

30 

ao 

'Hi 

148 

xH 

734 

6 

M«+ 

30 

H 

x6x 

a 

tm 

H 

34 

H 

190 

43 

I 

445 

Mt 

3m 

X 

ax6 

xH 

4TI 

H 

A»yi 

iH 

a47 

xH 

S60       , 

H 

59 

xM 

V6 

xH 

«>9 

8 

Hi 

40 

iH 

30s 

xVi 

67$ 

H 

43H 

xH 

394 

xH 

734 

Mt 

49H 

34 

H 

X9X 

xH 

794 

H 

S6 

H 

MS 

xH 

853 

H 

68 

I 

«S8 

a 

9u 

10 

Mt 

SO 

iH 

993 

48 

xV4 

5?» 

W 

S4 

iH 

3a7 

xU 

«J7      1 

Mt 

fo 

xH 

36X 

xH 

1^ 

H 

68 

xV4 

395 

xH 

768 

H 

8» 

xH 

430 

xH 

8S5 

la 

H 

TO 

xN 

4«S 

iH 

901 

W« 

7« 

30 

»Mt 

158 

iH 

9^ 

H 

8» 

H 

a78 

a 

X0S4 

M 

99 

I 

3x9 

60 

xM 

797 

H 

1X7 

iH 

360 

xH 

880      1 

14 

9it 

85 

xM 

4«5 

i4 

9*4 

H 

94 

xH 

448 

xH 

1049 

H 

1X3 

xM 

489      1 

x94 

XIJ3 

H 

137 

xH 

53a     ! 

xH 

X«< 

i6 

Mt 

xoo 

iN 

575 

2 

X300 

H 

Idl 

xH 

6x9    1.     -    :  aW 

ll       1 

X470      1 

There  is  no  standaid  weight  oC  pipe  for  any  gtven  prearare. 

PriTata  Water-Sup^y.    Pumpa 

PriTata  Watar-Suppliaa.  The  architect  is  frequently  required  to  furnish 
a  water-supply  for  isolated  buildings,  and  even  in  cities  it  is  becoming  quite 
common  for  manufacturing  establishments  and  large  buildings  to  have  their 
own  water-supply;  so  that  some  knowledge  of  the  various  methods  o€  sup> 
plying  water  is  requisite.  Power-pumps  are  of  so  maxiy  kinds  and  to  intri- 
cate in  construction  that  no  attempt  will  be  made  to  describe  them. 

Tha  Hydraulic  Raai.  Where  a  small  stream  oHrater  having  a  fall  of  a  ft 
•r  mote  flows  near  the  pcemiacs,  an  hydraulic  ram  may  be  used  to  great  advaa- 
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tage  to  furnish  water  for  domestic  purposes,  or  even  for  irrigation.  The  .ram 
is  operated  by  the  momentum  of  the  water  flowing  through  the  drive-pipe  and 
delivers  water  into  an  open  tanlL.  Water  can  be  conveyed  by  a  ram  13  000  ft 
when  elevated  500  ft,  provided  there  is  sufficient  fall.  The  drive-pipe  suppl}ring 
the  ram  should  be  30  or  40  ft  long  to  give  the  necessary  momentum.  The  use 
of  the  ram  is  the  most  economical  medxxi  of  pumping  water,  as  there  is  no 
expense  for  maintenance  except  for  repairs,  and  the  cost  of  installation,  also,  is 
small. 

The  Capadtl«g  of  fh«  Rif«  lUuns  are  given  m  the  following  table.    The 

capacities  are  determined  from  the  table  by  multiplying  the  available  supply  of 

water  per  minute,  6r  the  rated  amount  of  water  a  Rife  ram  will  use,  by  the  factor 

found  in  the  table  at  the  intersection  of  the  line  giving  the  fall  available,  for  the 

drive-pipe,  and  the  column  showing  the  height  the  water  is  to  be  elevated.    The 

factor  for  a  zo-ft  fall  and  50-ft  discharge  is  192,  and  this  multiplied  by  the  supply 

of  water  per  minute  will  give  the  delivery  per  day.    This  is 

shown  by  the  example  worked  out  in  the  comer  of  the  table. 

These  capacities  are  based  on  efficiencies  dependent  on  the 

ratio  of  fall  to  lift.    A  fall  of  10  ft  and  a  lift  of  50  ft  give  a 

ratio  of  z  to  5,  and  an  efficiency  of  66H%-    The  effidendes 

of  Rife  rams  based  on  various  ratios,  are  also  given  in  the 


D««p  W«Us  and  Elungar-Piimpt.    The  common  method 

of  obtaining  a  private  water-supply  is  to  drive  a  deep  well 

imtil  a  suffident    supply  of 

water  is  obtained.    The  depth 

to  which  a  well  must  be  driven 

will,  of  course,  depend  upon 

the  locality,  and  can  only  be 

determined  by  drillings.    As 

the   well    is  driven,  a  large 

wrought-iron  pipe  is  sunk  to 

form  the  casing.    Casings  are 

addom  less  than  6  or  more 

than  zo  in  inside  diameter,  8 

in   being   the   conmion  size. 

When  the  water-pocket   has 

been  reached,  the  water  will 

usually  rise  and  stand  in  the 

pipe  several  hundred  feet  above 

its  bottom,  and  the  amount  of 

water   that    can    usually    be 

pumped  from  such  wells,  with- 
^\Jj  #^**JS!!I   ®"^  lowering  the  water,  is  prac-      pig.  2.    Deep-weU  Working- 
^J^  ^^   ricaUy    unHmited.    The    cost         head  for  Bdt-attadunent 
"^  *^'°*  of  drilling  deep  wells,  per  foot 

of  depth,  iNCLrDiNG  the  casing,  differs,  of  coune,  with  the  strata,  location  and 
other  load  conditions.  As  a  rule,  however,  it  will  average  about  $5  per  foot  for  a 
well  driven  through  rock  and  $6  per  foot  for  a  well  through  sand.  For  raising 
the  water  into  an  open  tank  a  single-acting  pump  consisting  of  a  working- 
head,  (Fig.  1),  which  operates  a  cylinder  placed  in  a  smaller  pipe  lowered  into 
the  well  through  which  the  water  is  raised,  b  conunonly  empbyed.  The 
cylinder  should  preferably  be  placed  bdow  the  water-line  in  the  well,  and  is 
usually  connected  with  the  working-head  by  wooden  sucker-rods.    The  working- 
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TaM#  of  Water  Rovikod  for  Ufa  Raaa 


Dimensions 

Biaeof 
drivo* 

IT' 

Siieof 

deUv- 

efy- 

Pipe. 

in 

Oalleospef 

fliintito 

nqulrcd 

toopcrato 

angine. 

gal 

Leaitno. 
offaatof 

fcoonir 

mandad. 

ft 

Waicbt. 
lb 

Height, 
ft     in 

Length, 
ft    in 

Width. 

ft    in 

10 

t5 

•ao 

as 

30 
40 
8o 

•XJO 
tiJO 

i'V 

3     2 

3    4 
3    t 

a  9 

3  10 

4  4 

8    4 

'9'e* 

I  xo 

iW 

• 

aM 

3 

4 

t 

li  (two) 

iH 

3to       « 
5  to       11 

10  to      tt 

11  to       84 

XSto      U 
30  to      75 

ISO  to   aso 

37$  to    7So 
7»>toxSbo 

* 

• 

1*) 

ns 

MS 

no 

*7S 

600 

asoo 
3000 

5SOO 

Kifla. 


t  Dupka. 
Table  of  Capadtiea  of  Rife  Rama 


*  Multiply  (adior  oppoiiM  rowKB'BXAD  and  under  pvMFiii04aAD  br  tba  naaiter  of 
galloD*  per  minute  vsbd  by  tbt  tOfiBei  the  rwuU  wlU  be  tbe  numbar  of  gaUoos  i»suv- 
Kaxo  per  day. 

The  efficiency  developed  is  governed  by  the  ratio  of  fait  to  pumptfig-head. 

75^     for  a  ratio  of  i  to  aH 


Tbe  efficwticy  01  fife  ranii  ii  based  on. 


70%  for  •  ratio  of  i  to  5 
669i%  for  a  ratio  ap  to  t  to  rS 
60%  for  a  ratia  tip  to  1 10  ^ 
8o%    for  a  ittte  ap  to  1 10  30 
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bflftd  may  be  operated  by  hand,  or  by  a  craak-rod  attaclMd  to  a  pumping- jack, 
windniiil  or  engme.  With  a  aiogle-actiDg  pump  the  plunger  ii  raised  and 
bwerad  once  with  cvoy  revolution  of  the  driving-wheel,  the  principle  of  oper- 
ation being  the  same  as  in  an  oidinaiy  hand  auction-pump.  Fig<  2  shows  a 
ample  armngement  for  operating  a  working-head  by  b^t-power.  This  is 
known  ss  a  deep-well  power  workin^head.  A  ssep-wsix  fvmp  (Fig<  2)  differs 
fnm  a  sucxxon-kjuf  in  that  it  will  raise  water  from  any  depth,  whereas  a  sue* 
tkio-pump  in  pra<:tice  will  raise  water  only  about  so  ft.  A  suction-pump  may 
be  placed  at  Mxsy  point  in  relation  to  the  well,  and  will  draw  the  water  aay 
lessonable  hotiaoiital  distance*  The  deep-well  pump^  on  the  other  hand*  must 
be  set  directly  over  the  well,  but  it  will  then  deliver  the  water  at  any  desired 
point.  The  amount  of  water  pumped  in  a  minute  by  any  single-actiag  pump 
is  detennined  by  the  diameter  of  the  suctionrcylinder,  the  length  of  tftrdki,  and 
the  number  of  strokes  per  ndnute.  The  table  following  gives  the  capacity  per 
stroke  for  cylinders  of  different  diameters,  and  for  strokes  of  different  lengths* 
To  find  the  capacity  per  minute,  multiply  the  values  given  in  the  table  by  the 
revolutionB  per  minute.  The  usual  speed  of  singleiacting  working-heads  and 
pumping- jacks  is  from  25  to  30  revolutions  per  minute.  Cylinders  over  294  in  in 
diameter  should  have  a  substantial  iron  working-head. 


Table  Showing  Capacity  o(  Sfaigie-Acting  Pumpe  of  Oiten  Diameter  and 
Lengtiiof  Stroke 

Diam. 

of 
cylin- 
der in 
inches 

Length  of  ttrokft  in  inchwt 

6 

8 

10 

12 

14 

16 

18 

20 

24 

Capacity  per  stro 

ke  in  gallons 

iH 

0.0319 
0.0385 
0.04S9 
0.063s 

0.0425 
0.OS13 
0.06x2 

o.oass 

o.osst 

0.0642 
0.076S 
0.1041 

0.0637 
0.0770 
0.09X8 
0.X249 

0.0743 
0.0690 
0.X07X 
O.X4S7 

m 
0.0848 
o.xoa? 
o.xa24 
0.X666 

0.0985 
O.XX56 
0.1377 
0.1874 

O.X062 
O.X280 

O.X530 
0.2062 

0.1274 
0.1541 
0.1836 
0.2499 

2 

0.0616 
O.X033 

0.X27S 

O.XS43 

0.X06B 
0.1377 

O.X700 

0.2057 

0.1360 
0.t7)t 
0.2t25 

o.asTi 

O.X632 
0.2063 
0.2550 
0.306s 

O.X904 
0.24x0 
0.297s 
0.3598 

0.2176 
0.27S4 
0.3400 
^*4I14 

0.2448 

0.3096 
0.382s 
0.4626 

0.2730 
0.3442 
0.4250 
0.5142 

0.3264 
0.4128 
0.5x00 
0.6170 

3 

•   3>< 

3»i 

0.1836 
0.2154 
0.2499 
0.2868 

0.2448 
0.2872 
0.3332 

0.3824 

0.3060 
0.3S94 
0.416s 
0.4780 

0.3672 
0.431a 
0.4998 
0.5736 

0.4284 
0.S030 
O.S83t 
0.6692 

0.4896 
o.574« 
0.6664 
0.7648 

0.S508 
0.6466 
0.7497 
0.860s 

0.6120 
0.7182 
0.8330 
0.9561 

0.7344 
a.8624 
0.9996 
1.1470 

4 

4M 
4H 
4M 

0.3264 
0.36B4 
0.4x31 

0.4602 

o.43Sa 
0.49U 
0.5506 
0.6136 

0.5440 
0.6141 
0.68S5 

0.7671 

0.6528 
o.«6« 
0.8262 

0.9204 

0.7616 
0.8S96 
0.9639 
1.0730 

0.8704 
0.9B34 
X.X016 
1.3270 

0.979a 
1.X090 
I.S393 

1.3800 

t.068o 
1.2280 
1.3770 
1.5340 

1.3056 
1.4730 
1.6524 
1.8400 

Hot«*Air  Bng|nae«  These  ait  very  extensively  used  for  pumping  water  for 
country  houses,  as  they  are  absolutely  safe,  lequire  little  atteation,  and  have 
no  valves,  springs  or  gauges  to  get  out  of  order.  They  are  also  adapted  to  al- 
most any  kind  of  fuel,  such  as  coal,  coke,  wood,  gaa,  or  kerosene  oil.  They 
will  pimp  Uam  etther  a  shallow  or  a  deq>  well,  but  axe  best  adapted  to  weUi , 
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in  which  the  surface  of  the  water  is  within  20  ft  of  the  top  of  the  welL  The 
best  known  hot-air  engines  are  the  Rider-Ericsson,  which  have  been  in  suoceaa 
ful  operation  for  many  years.  These  engines  have  capacities  ranging  from  150 
to  3  500  gal  per  hour  and  will  deliver  water  from  50  to  350  ft  above  the 
surface  of  water  in  the  well,  although  the  higher  the  water  is  raised  the  lesa 
will  be  the  quantity  delivered.  The  cost  of  these  engines,  with  pump  at- 
tached, varies  from  $xio  for  the  smallest  siae,  having  a  capacity  of  150  gal  per 
hour  raised  50  ft,  to  $540  for  the  largest  sixe,  having  a  capacity  <d  3  500  gal  per 
hour  raised  50  ft.  The  smaller  sixe  roquires  about  i  quart  of  kerosene  or  3  lb 
of  anthracite  ooal  per  hour.  Hot-air  engines  should  be  placed  dose  to  the 
source  of  supply,  and  when  the  Utter  is  a  deep  well  the  engine  must  be 
placed  so  that  the  pump-rod  will  be  in  a  vertical  line  above  the  cylinder  in 
the  well,  the  operation  of  pumping  being  the  same  as  that  of  the  ordinary 
single-acting  deep-well  pump.  It  is  not  practicable  to  naxw  water  more  than 
from  30  to  25  ft,  in  height,  with  any  form  of  suction-pump^  because  of  the 
difficulty  of  keeping  the  pipe,  valve  and  fittings  absolutdy  air-tight.  For 
further  information,  see  the  catalogue  of  the  Rider-Ericsson  Engine  Company. 


Action  of  Whid  and  Capacities  of  Pomping  Windmills 

Velority 
per  hour 
in  miles 

Prcsstare* 

per  square 

foot  in 

pounds 

Description  of  wind 

Action  of  wind  and  windmtUa 

3 

5 
8 
10 
X5 
ao 

25 

30 
40 
SO 

60 
80 

TOO 

0.045 

0.125 

0.33 

0.5 

x.ias 

2 

3  "5 

4.5 

8 

12.5 
18 

32 

SO 

Just  perceptiole 

Pleasant  wind 

Windmills  will  not  run 
Might  start  if  lightly  loaded 
Will  start  pumping 
Pumps  nicely  if  property  loaded 
Does  excellent  work 
Gives  best  service 
Maximum  results  secured 
Should  be  furled  out  of  wind 
)  Well-constructed    mills   and 
1     towers  safe  if  properly  erected 
1  Buildings,  trees,  etc.,  might  be 
\     injured 

1  Buildings,  trees,  etc..  would 
1     be  injured 
lluin 

Average  wind 

Good  working  wind . . . 
Strong  wind .... 

Very  strong  wind 

Gale 

Storm 

Violent  stonn 

Hurricane 

Tornado 

Fnna  the  above  table  it  will  be  seen  that  the  only  available  winds  are  thoae  bkiwing 
with  a  velocity  of  from  8  to  35  miles  per  hour,  and  that  a  15-mile  wind  can  be  utilixcd 
to  the  best  advanUge.  It  is  therefore  advisable  to  load  a  windmill  for  a  i  senile  wind. 
It  then  starts  pumping  in  an  8-mile  wind,  does  excellent  wMk  in  a  xs-mlle  wind  and 
reaches  the  mMTimnm  results  in  a  25-mile  wind. 

*  The  pressures  per  square  foot  in  pounds  will  vaiy  slightly  from  the  values  given 
according  to  the  formula  which  is  used  to  obtain  sudi  pressures.  See,  also.  Chapter 
XXVII,  pages  1052-3  and  also  psge  1637. 

Windmllla.  In  the  country  and  on  large  suburban  estates,  windmiDs  are 
extensively  used  for  pumping  water.  Aside  from  the  noise  of  operation,  the 
only  objection  to  the  windmill,  where  it  can  be  used,  is  the  irregularity  of  its 
supply,  but  with  a  huge  storage-tank  this  b  not  a  serious  objection  when  used 
for  domestic  purposes  only.  Professor  Thurston  says,  itgaiding  windmills: 
*'In  estimating  the  capacity,  a  woridng-day  of  eight  hours  is  sswumrd,  but  the 
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machine,  when  used  for  pumping,  may  actually  do  its  work  twenty-four  hours  a 
day  for  days,  weeks,  and  even  months  together,  whenever  the  wind  is  stiff  enough 
to  turn  it.  It  costs  for  work  done  only  one-half  or  one-third  as  much  as  steam, 
hot-air,  or  gas-engines  of  similar  power."  The  action  of  wind  of  different 
•velocities,  the  pressure  per  square  foot  of  sail-surface  and  its  reUtion  to  the 
pumping  capacity  of  pumps  can  be  found  in  the  following  table,  compiled  by 
Fairbanks,  Morse  &  Company. 

The  windmill  operates  the  plunger  in  the  well,  the  process  of  pumping  being 
the  same  as  that  of  the  single-acting  pumps  described  above.  The  following 
table  of  capacity  was  prepared  by  Alfxed  R.  Wolff,  and  is  sufficiently  accurate 
for  all  practical  purposes: 


Capacity  of  tha 

Winda 

BiU 

Desif. 
nation 
of  mill 
wheel, 
ft 

Veloc- 

Gallons of  water  raised  per  minute 

Equiva- 

ity of 
wind  in 

miles 
peraoor 

Revdu. 
tioniof 
wheel  per 
minute 

lent 
actual 
useful 

h.p. 
developed 

2S 

ft 

SO 
ft 

75 
ft 

100 

ft 

ISO 
ft 

200 
ft 

8^ 

i6 

40  to  so 

6.192 

3.016 

0.04 

lO 

i6 

35  to  40 

19.179 

9563 

6.638 

4. 750 

O.I3 

13 

i6 

30  to  35 

33  94t 

x7.9Sa 

II.8SI 

8.43S    5.680 

o.at 

M 

i6 

as  to  35 

45  X39 

M.S69 

15.304 

11.246 

7.807 

4.998 

0.36 

i6 

i6 

as  to  30 

64.600 

3I.6S4 

i9-54a 

16.150 

9771 

8.075 

0.41 

18 

i6 

aatoas 

97.68a 

Sa.i6s 

33.513 

24.421 

17.485 

13.311 

o.6x 

ao 

x6 

aotoaa 

xa4.9SO 

63.750 

40.800 

31.348 

19.284 

15.938 

0.78 

2S 

x6 

x6tox8 

2ia.38i 

106.964 

71.604 

49.72s  37. 349J26. 741 

I  34 

The  hone-power  of  windmills  of  the  best  construction  is  proportional  to  the 
squares  of  their  diameters  and  inversely  as  their  velocities;  for  example,  a  lo-ft 
nodll  in  a  16-mile  breeze  will  develop  0.15  horse-power  at  65  revolutions  per  min- 
ute; and  with  the  same  breeze: 

a  2o-ft  mill,  at  40  revolutions  per  minute,  x  horse-power; 

a  35-ft  mill,  at  35  revolutions  per  minute,  xH  horse-power; 

a  30-ft  mill,  at  38  revolutions  per  minute,  aVi  horse-power. 

The  wheds  of  very  few  windmills  are  larger  than  35  ft  in'diameter.  There 
are  no  pumps  which  wiU  enable  the  user  of  a  windmill  to  utilize  the  increased 
power  obtained  from  winds  of  high  velocity,  so  that  in  practice  the  amount  of 
water  pumped  by  windmills  in  high  wmds  is  but  little  more  than  is  pumped  by 
the  same  mills  in  winds  having  velocities  of  from  13  to  18  miles  per  hour.  For 
thb  reason  it  is  customary  to  regulate  windmills  to  govern  at  about  35  miles  an 
hour.  Theoretically  the  increase  in  power  from  increased  velocity  of  wind  is  equal 
to  the  square  of  its  proportional  velocity;  as,  for  example,  the  35-ft  mill  rated 
above  for  a  16-mile  wind  will,  with  a  33-m3e  wind,  have  its  hone-power  increased 
to  4  X  x94  ■■  7  horse-power.  A  windmill  "will  run  and  produce  work  in  an  8- 
mile  breeze."  Windmills  have  also  been  used  for  the  generating  and  storage 
of  electricity  for  small  lighting-plants.* 

Air-lift  Procesa.  Compressed  air  is  now  being  used  to  an  increa^ng  extent 
for  raising  water  from  artesian  wells.  The  process  in  general  consists  of  sub- 
merging a  discharge-pipe  in  a  closed  well,  with  a  smaller  pipe  inside  delivering 

•  See  Kent's  Mechanical  Engiaeen'  Focket-Book. 

Digitized  by  VjOOQ IC 


1310     Hydraulics^  Fluinbmg  wd  Dnunage,  and  Qa9-Pq>bg    P^ut  3 

ppinpiifw<ff  air  into  it  at  the  bottom*  Tbe  comprewed  ak  by  iU  inherent  es- 
pVMHVf  lorce  lifts  a  oolumu  of  mingled  air  and  water  which  is  conveyed  to  an 
open  tank,  to  permit  of  the  escape  of  the  air.  If  desired  the  water  may  theo  be 
conveyed  by  gravity  into  a  series  of  closed  tanks,  and  forced  by  {ur-pfcssiire  to 
different  perU  of  a  building,  the  only  machinery  required  being  an  air-com- 
pressor and  power  for  driving  it.  The  slip  of  the  bubble  constitutes  the  chief 
loss  of  energy  in  the  air-lift.  The  method  of  piping  a  well  differs  according  to 
its  general  conditions  and  the  quantity  of  water  to  be  pumped.  ^'No  two  widls 
are  eifte*  and  coniequently  the  method  of  piping  which  might  be  applied  to 
one  would  be  unsuited  to  another."  Information  as  to  the  bestfm^bod  of 
piping  any  particular  well  may  be  obtained  from  the  JngersoQ-Sergeant  Drill 
Company. 

Advantages  of  the  Air-Uft  J^oeees.  Fkom  tWO  to  six  times  as  much  water 
may  be  obtained  from  a  given  diameter  of  well  as  with  any  other  known  sysltm^ 
because  there  are  no  valves»  cylinders,  or  rods  to  hinder  the  rapid  discharge  of 
water.  One  air-compressor  operates  any  number  of  wells,  which  may  be  any 
distance  apart  so  as  not  to  affect  one  another.  There  Is  nothing  outside  the 
engioe-room  to  look  after  or  wear  out.  Nothing  but  common  pipe  in  the  wells. 
Send  or  gravd  does  no  harm.  The  C06t  of  raising  i  ooo  gal  of  water  by  this 
method,  including  fuel,  labor,  oil»  interest  on  cost  of  well,  boiler,  compressor, 
foundations,  pipes,  real  estate,  erection  and  taxes,  including  15%  Cor  depre- 
ciation, runs  from  2H  cts  down  to  H  ct,  according  to  the  size  of  the  plant, 
height  of  lift,  and  other  local  conditions.  With  the  average  outfit  of  medium 
or  small  size,  it  is  usually  under  iH  cts.*  The  air-lift  process  is  now  exten- 
sively used  in  ice-works,  breweries,  cold-storage  houses,  tegtile  mills,  dye-works, 
etc.,  and  a  great  variety  of  industrial  plants,  and  for  the  water-supply  of 
quite  a  number  of  the  smaller  cities.  In  Newark,  N.  J.,  pumps  of  this  tsrpe 
are  at  work  having  a  total  capacity  of  i  000  000  gal  daily,  lifting  water  from 
three  8-in  artesian  wells,  t 

Pneumatie  Water-Sttpply  Svatems.  The  pneumatic  system  of  supplying 
water  to  buildings  is  used  extensively  in  buildings  and  institutions  remote  from 
public  water-supplies.  With  the  pneumatic  system,  instead  of  an  open  ele- 
vated tank,  a  closed  water-tight  tank  of  iron  or  steel  is  used,  and  this  tank  may 
be  located  at  any  level,  for  the  water  k  forced  from  It  by  means  of  compressed 
air  confined  in  the  top  of  the  tank.  This  fact  makes  It  possible  to  bury  the  tank 
in  the  ground  below  the  frost-line,  away  from  the  heat  of  the  sun,  and  where  the 
water  will  have  an  almost  unitorm  temperature  the  year  round.  The  water  is 
protected  from  possible  contamination  frpm  insects,  mts,  birds,  dust,  or  other 
egenq<s»  while  the  tank  takes  up  no  valuable  space  above  ground,  imposes  no 
weight  upon  the  attic-ffoor  of  a  buikiing,  and  does  not  disfigure  the  landscape. 
The  principle  of  c^ration  b  this:  Air  is  compressible,  while  water  is  not.  If 
then,  water  is  pumped  into  a  closed  tank  at  the  bottom,  it  will  trap  the  air 
within,  and  the  more  water  pumped  in,  the  greater  the  compression,  of  the  air. 
The  elasticity  of  the  air,  then,  will  force  the  water  out  again,  whenever  a  faucet  is 
opened*  and  thewater  will  continue  to  flow  as  bng  as  the  air  is  under  sufficient  pres- 
sure in  the  tank.  In  practice  the  air  would  become  absorbed  by  the  water  In  the 
lank,  and  in  a  short  time  become  exhausted,  if  it  were  not  supplied  as  fast  as  used. 
This  is  accomplished  by  injecting  a  proiwrtionate  amount  of  air  ?nth  each  stroke 
of  the  pump,  by  means  of  a  snifter-valve  air-compressor,  or  other  device.  AH 
connections  to  the  tank  arc  taken  from  the  bottom,  to  prevent  the  escape  of  air 
which  would  occur  if  the  connections  were  taken  from  the  top  of  the  tank. 

*  IqgenelKSfnsaot  DiiU  Conpany.  t  Kent. 


y  Google 


Fnre-Sti«ftim 


13tl 


Hone-Power  Iteqidred  to  lUise  Water  to  DUferent  Heighte 

Generel  Mndplee.  The  power  required  to  raise  a  certain  quantity  of  water  to 
a  certain  height  varies  directly  with  the  quantity  to  be  raised,  and  also  with  tho 
height.  For  instance,  it  requires  twice  as  much  power  to  raise  200  gal  per  minute 
10  ft  high  as  it  does  to  raise  loogal  to  the  same  height  and  in  the  same  time;  and  to 
raise  100  gal  30  ft  high  requires  twice  as  much  power  as  it  does  to  raise  100  gal  xo 
ft  high.  To  find  the  theoretical  horse-power  necessary  to  elevate  water  to  a  given 
height,  multiply  tiie  number  of  gallons  per  minute  by  8.33$,  the  weight  of  x  gal, 
axid  this  result  by  the  total  number  of  feet  the  water  b  raised,  that  Is,  from  the 
surface  of  the  water  to  the  highest  point  to  which  the  water  is  raised,  and  the 
result  gives  the  power  in  foot-pounds;  divide  by  33  000,  and  the  quotient  is 
the  horse-power.  To  the  theoretical  power  a  liberal  allowance  must  be  made 
for  the  bcffidency  of  the  pump.  For  a  cytthdcr^jump  add  from  75  to  xoo%. 
To  the  actual  height  to  which  the  water  is  to  be  raised  add  the  friction-loss  in 
feeti  given  in  Table  F,  page  X302,  when  the  discharge  Is  to  be  piped  any  distance. 

Bzample.  Find  the  theoretical  horse-power  required  to  raise  100  gal  pec 
minute  120  ft  high,  through  a  3-in  pipe,  200  ft  long. 

Soivtioo.  From  Table  F,  the  friction-head  for  xoo  gal  per  min  in  a  3*in  pipe, 
100  ft  long,  is  i.3t  X  2.5  or  3  ft  For  200  ft  it  will  be  6  ft,  which,  added  to  1 20, 
gives  X26  ft  for  the  height.  Then  theoretical  horse-power  -*  100  x  8.3S  X  126/ 
53000—  3.2  h.p.  The  actual  boEse-power  required  will  probably  vary  from 
5  to  6,  according  to  the  efficiency  of  the  pump.  The  mistake  of  using  too 
small  a  discharge-pipe  can  easily  be  seen  from  Table  F.  For  instance,  if 
one  attempted  to  force  xoo  gal  per  minute  through  100  ft  of  2-in  pipe, 
the  back-pressure  would  be  equivaJeot  to  raising  the  water  22  ft  high.  The 
fuel  used  would  be  correspondingly  increased.  Right-angle  turns  are  to  be 
avoided,  as  the  friction  is  very  materially  increased,  being  practically  equal  to 
the  friction  of  25  ft  of  straight  pipe. 
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Using  xoo  ft  of  aH-in  ordinary  best-quality  mbber-lincd  hose  between  nosele  and 
hydrant  or  pump 


Smooth  nocsle 


94  in 


^in 


Pressure  at  hydrant,  lb. . 

Pressure  at  ncozle.  lb 

Vertical  height,  ft 

Horizontal  dastaaoe,  ft. . 
Gal  difcfaarged  per  nuai.. 

Smooth  nozzle 

Presture  at  hydrant,  lb.. 
Pressure  at  nozzle,  lb. . . . 

Vertical  height,  ft 

Horizontal  distance,  ft. . 
Gal  discharged  par  min. . 


32 

S4 

«S 

75 

86 

34 
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Fke-8tr«un8«  The  following  »  an  extract  from  a  paper  read  by  John 
R.  Freemaa  at  a  meeting  of  the  New  England  Waterworks  Association, 
entitled  Some  Experiments  and  Practical  Tables  Relating  to  Fire-Stseaiii% 

Digitized  by  VjOOQIC 


1312     Hydxaulics,  t^lumbing  and  t>nunage,  and  Cas-Piping    Part  3 

"When  unlined  linen  hose  is  used  the  friction  or  preasute-kMS  is  from  8  to 
6o%,  increasing  with  the  pressure.  This  kind  of  hose  is  best  for  inside  use  in 
short  lengths.  Mill-hose  is  better  than  unlined  linen  hose  for  long  length^, 
but  ordinarily  the  best  quality  of  smooth  rubber-lined  hose  is  superior  to  the 
mill-hose,  having  less  frictional  resistance.  The  ring-noszle  is  inferior  to  the 
smooth  noszle  and  actually  delivers  less  water  than  the  smooth  nozzle.  For 
instance,  the  H-in  ring-nozzle  discharges  the  same  quantity  of  water  as  a 
9i-in  smooth  nozzle,  and  a  i-in  ring-nozzle  the  same  as  a  H-in  smooth  nozzle. 
Two  hundred  and  fifty  gallons  per  minute  is  a  good  standard  fire-stream  at 
SoAb  pressure  at  the  hydrant;  xoo-lb  pressure  should  not  be  exceeded  except 
for  very  high  buildings  or  lengths  of  hose  exceeding  300  ft." 

Notes  on  the  Conatntction  of  Cylindrical  Wooden  Tanka* 

Material  should  be  either  cedar,  cjrpress,  juniper,  fir,  3rellow  pine,  or  white 
pine,  free  from  imperfections  and  thoroughly  air-dry.  Clear  Louisiana  red. 
Gulf  cjrpress  makes  the  most  durable  tanks. 

StaTes  and  Bottom  of  tanks  of  greater  capacities  than  15  000  gal  should  be 
made  of  2H-in,  dressed  to  about  2H  in,  stock  for  tanks  12  ft  and  not  exceeding 
16  ft  diameter  or  16  ft  deep.  For  larger  tanks  3-in,  dressed  to  about  294  in. 
stock  should  be  used.  For  smaller  tanks  2-in  stock  may  be  used.  Staves 
should  be  connected  about  one-third  the  distance  from  the  top  by  a  H-in 
dowel  to  hold  them  in  position  during  erection.  The  bottom  planks  shoukl  be 
dressed  on  four  sides,  and  the  edges  of  each  plank  should  be  bored  with  holes 
not  over  3  ft  apart  for  H-in  dowels, 

Taper.  The  batter  to  each  side  should  not  be  less  than  H  in  nor  more  than 
>i  in  per  ft. 

Hoops  should  be  of  round  wrought  iron  or  mild  steel  of  good  quality.   Wrought 
iron  is  preferable  because  it  does  not  rust  as  easily  as  steel.    There  shouM  be  do 
welds  in  any  of  the  hoops.    Where  more  than  one  length  of  iron  is  necessar>% 
lugs  should  be  used  to  make  the  joints;  and  when  more  than  one  piece  b  necessan* 
the  several  pieces  constituting  one  hoop  should  be  tied  together  in  preparing  f  o* 
shipment.   Hoops  for  fire-tanks  should  be  of  such  size  and  spacing  that  the  strtais 
in  no  hoop  will  exceed  12  500  lb  per  sq  in  when  computed  from  the  area  at  rcx^ 
of  thread.    For  general  purposes,  a  stress  of  15  000  lb  per  sq  m  is  pennissibW 
On  acccount  of  the  swelling  of  the  bottom  planks,  the  hoops  near  the  bottc««r 
may  be  subjected  to  a  stress  greater  than  that  due  to  the  water-pressure  ak^r-i . 
additional  hoops,  therefore,  should  be  provided.    For  tanks  up  to  20  ft  in  diar 
eter,  one  hoop  of  the  size  used  next  above  it  should  be  placed  around  the  hot  toe- 
opposite  the  croze  and  not  counted  upon  as  withstanding  any  water-press^i^t 
For  tanks  20  ft  or  more  in  diameter,  two  hoops,  as  above,  shoukl  l>e  use<f 
Hoops  with  T7PSET  ends  must  not  be  used.    The  top  hoop  shoukl  be  piac* 
within  2  in  of  the  top  of  staves,  so  that  the  overflow-pipe  may  be  inserted  as  b'^ 
as  possible.    Hoops  shoukl  be  so  placed  that  the  lugs  will  not  be  in  a  vert^ 
line.    No  hoop  should  be  less  than  H  in  in  diameter.    All  should  be  d^azv- 
of  mill-scale  and  rust  and  painted  one  coat  of  red  lead,  lampblack  and  boric<l  . 
before  erecting. 

Ifote.  The  strength  of  a  tank  depends  chiefly  on  its  hoops.  RcNuid  boi-« 
are  specified  because  they  do  not  rust  rapidly;   a  slight  amount  of 


*  Tbew  notes  have  been  condensed  frem  spedficitloBB  pubUihed  by  the  Tn^iit 
Department  of  the  Factory  Mutual  Fhe  Inturaaoe  Company,  31  Milk  Street,  "iiuna   t 
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not  have  the  same  weakening  effect  as  on  a  flat  hoop,  and  round  hoops  are  not 
likely  to  burst  when  the  tank  swells,  as  they  will  sink  into  the  wood. 

Spacing  of  Hoopa.  The  hoops  should  be  spaced  so  that  each  one  will 
have  the  same  stress  per  square  inch,  and  no«pace  should  be  greater  than  21  in. 
To  meet  this  requirement  the  hoops  must  he  spaced  quite  dose  together  at 
the  bottom,  the  space  between  them  gradually  increasing  towards  the  top. 


Fig.  5.    Support  for  Bottom  of  Tank 

Fig.  3  shows  the  proper  spacing  of  hoops  for  a  tank  18  ft  in 
diameter,  with  iS-ft  staves.  The  spacing  for  seven  other 
sizes  of  tanks  is  given  in  the  pamphlet  referred  to.  It 
may  be  computed  by  the  following  formula: 

Spacing  of  hoops  ia  inches  -  ,_^^^^^^^g 

For  strength  of  a  H-in  rod  use  3  750;  of  a  H-in  rod,  5  250; 
of  a  i-in  rod,  6  875;  and  of  a  xH-in  rod,  8  625. 

iT  is  the  distance  from  surface  of  the  water  to  center  of 
hoop  in  feet. 

Biample.  How  far  apart  should  i-hi  hoops  be  placed,  at 
15  ft  2  in  from  top  of  tank,  on  a  tank  20  ft  diameter? 

687s 


Solotioa. 


Spacing - 


>8Hin 


Fig.  8.  Diagnm 
of  Hoop-spadng 
for  Tanks 


2.6  X  20  X  15 

Lngt  should  be  as  strong  as  the  hoops.  A  lug  similar  to 
Fig.  4  is  simple  and  fulfils  the  requirement  for  strength. 
Malleable  lugs  are  required. 
Svpport.  The  weight  of  the  tank  should  be  supported  entirely  from  Its 
bottom;  and  m  no  event  should  any  weight  come  on  the  bottom  of  the  staves. 
The  planks  upon  which  the  tank-bottom  rests  should  cover  at  least  one-fifth 
the  area  of  the  bottom,  shouU  be  not  over  x8  in  apart,  and  of  such  thickness 
that  the  bottom  of  the  staves  will  be  at  least  x  in  from  the  floor  (see  Fig.  6). 

The  Dischargo-Plpo  sbouki  preferably  leave  the  bottom  of  the  tank  at  ita 
center  and  extend  up  mside  of  the  tank  4  in,  to  aUow  the  sediment  to  collect 
in  the  bottom  of  the  tank. 
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Th*  Oterflow-Pipe  should  be  placed  as  near  the  top  of  the  tank  as  possible, 
discharging  either  through  side  or  bottom,  as  may  be  desired.  An  overflow 
h  much  to  be  preferred  to  a  tellUle,  as  the  latter  is  liable  to  get  oat  of 
ocder. 

HMttng.  Tanks  of  moderate  size  need  to  be  ptovkled  with  sotne  means  to 
prevent  (rt&\ng.  When  a  tank  is  in  an  enclosed  room,  as  in  a  mill-tower,  the 
best  method  is  to  keep  the  room  warm  by  a  coil  of  steam-pipe  with  a  return  to 
the  boiler-rooto.  A  covered  tank  out  of  doors  may  often  be  similarly  lieaied  by 
placing  the  steam-pipe  in  the  bottom  of  the  tank.  With  a  tank  kicated  on 
a  high  trestle,  or  at  a  distance  from  the  steam-supply,  it  is  often  Impracti- 
cable to  arrange  a  return-pipe.  In  this  case  steam  may  be  blown  directly  into 
the  water  in  the  tank.  A  i-in  pipe  is  generally  sufficient  for  this  purpose.  It 
should  be  carried  to  the  top  of  the  tank  and  there  bend  over  and  dip  down- 
wards, so  that  it*  outlet  is  about  i  ft  b^low  the  high-water  line.  A  check- 
valve  shouki  be  plac^  in  this 
2  In.  horiiontai  nalUng  strips  iteam-pipe,   near  its  point  of 

discharge,  to  prevent  water 
being  drawn  back  by  sipfaon- 
action  when  the  steam  k  ahut 
off.  The  water  in  fire-tanks 
must  be  kept  from  freezing  by 
means  of  a  water-beater  which 
either  heats  a  coil  in  the  tank, 
or  circulates  a  ciirrent  of  water 
through  the  tank. 

Prottfronfing  for   Pipes. 

The    discharge-pipe    from    a 

tank  on  a  trestle,  or  from  one 

elevated  above  a  roof,  must 

be    protected    from    freezing. 

IThlckiieaaea  of  tarred  paper,    ;<  In.  Ton^cd  and       The   common    practice   is    to 

around  each  box  except  outoide,  grooredsbeathing.      enclose  the  pipe  in  a  double. 

Fig.  6.    Method  of  Piwtprooflng  Pit)cs  *'^P*«»  ^^  quadruple  box  made 

of  boards  and  tarred  paper,  as 
Ihown  in  Fig.  6.  If  steam  is  supplied  to  the  tank,  the  steam-pipe  is  carried 
inside  the  box.  In  New  England,  New  York  State  and  Canada  the  quadruple 
boxing  is  generally  used,  whereas  in  the  milder  rcgiooa  to  the  south  triple  or 
double  boxing  is  used.  The  boxing  should  always  be  carried  down  into  the 
ground  below  the  frost-line,  and  a  good  tight  joint  made  at  the  underside  of 
the  tank. 

CoTers.  For  economy  in  heating  and  to  prevent  birds,  leaves,  etc.,  from 
getting  into  the  water,  all  out-of-door  tanks  should  be  covered.  A  double 
cover  is  recommended  consisting  of  a  tight  ^at  cover  made  of  matched  boards 
supported  by  joists  which  span  the  top  of  the  tank,  and  above  this  a  shingled, 
conical  roof.  To  prevent  the  covering  from  being  blown  off.  it  should  be  firmly 
fastened  to  the  top  of  the  tank  by  straps  of  iron.  In  order  to  keep  out  the 
wind  particular  attention  should  be  given  to  making  a  tight  joint  where  the 
roof  rests  on  the  top  of  the  staves. 

Scuttles  should  be  arranged  in  both  the  conical  and  flat  covers  to  give  acccn 
to  the  inside  of  the  tank  and  a  substantial,  permanent  ladder  erected  to  give 
easy  access  to  the  top  of  the  tank. 
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Pumps  for  Flre-Streamt.  The  dimensions  of  steam-pumps  for  fire-pro- 
tection in  buildings,  approved  by  the  Board  of  Underwriters,  can  be  found  in 
the  foUowing  table. 


Underwriter  Steam  Ffre-Pomps 
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The  capacities  given  in  last  column  are  desirable;  but  in  case  the  suction-pipe  is  short 
sod  the  hit  low.  a  tank  of  not  less  than  one-half  the  capacity  stated  may  sometimes  be 


yGoogk 


1316     Hydnulics,  Plumbing  and  Drainage,  and  Gas-Piping    Part  3 

Notes  on  Steel  Tanks* 

Steel  Tanks  of  sizes  commonly  used  for  fire-piotectioii  coat  fiom  40  to  100% 
more  than  wooden  tanks.  The  additional  cost  for  laige  tanks  is  relatively 
less  than  for  small  tanks.  A  steel  tank  of  about  40000^  capacity  or  over 
can  be  erected  on  a  steel  trestle  at  about  the  same  cost  as  a  wooden  tank,  since 
a  saving  can  be  made  in  the  cost  of  supports  by  making  a  hemispherical  or 
conical  bottom  to  the  steel  tank  and  supporting  the  tank  directly  on  the  legs 
of  the  trestle,  thus  saving  the  expense  of  horizontal  supporting  beams.  A  sted 
tank  is  superior  to  a  wooden  tank  for  the  following  reasons:  (t)  It  will  last 
for  an  indefinite  time  if  kept  thokoughly  painted  inside  and  out,  whereas  a 
wooden  tank  will  have  to  be  replaced  in  from  twelve  to  thirty  yean,  usually 
in  about  fifteen  years;  (3)  it  will  be  absolutely  tight  when  once  well  erected 
and  properly  cared  for,  whereas  a  wooden  tank  will  shrink  and  leak  if  the  water 
gets  low;  (3)  it  will  not  be  at  all  likely  to  burst  suddenly,  if  originally  correctly 
designed,  even  if  painting  is  neglected,  for  experience  shows  that  a  few  spots 
will  first  rust  through  and  thus  show  the  weak  condition  by  small  leaks,  whereas 
a  wooden  tank,  if  neglected,  may  burst  its  hoops  suddenly  and  catise  serious 
damage.  The  objections  to  steel  tanks  are  that:  (i)  They  require  skilled  boiler- 
makers  to  erect  them,  thus  adding  considerable  to  the  cost  when  erected  at  a 
distance  from  a  boiler-shop;  (a)  they  are  more  difficult  to  protect  against  freez- 
ing; (3)  they  give  more  trouble  by  sweatino  when  pUced  m  a  mill-tower;  (4) 
they  deteriorate  rapidly  if  painting  is  neglected. 

*  Inspcctioo  Department  of  the  Factory  Mutual  Imunmce  Coopaay,  Boston. 
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9.80X 

4a 

9.62X 

71  97 

sM 

0.IS03 

I. 1250 

X6 

1.3960  .  X0.440I 

43 

XO.085 

75. 44 

s^ 

0X650 

X  2340 

x6H 

1.48S0 

xx.xxo 

44 

XO.559 

78.99 

SW 

0.18O3 

1.3490 

17 

X.5760 

11.790 

45 

XX. 045 

82.62 

6 

0.1963 

X.4690 

17^ 

1.6700 

xa.490 

46 

XX.S4X 

86.33 

6K 

o.ai3x 

I. 5940 

18 

X.7680 

X3.220 

47 

xa.048 

90.13 

6^ 

0.2304 

1.7240 

iSH 

X.8670 

13-960 

48 

X2.566 

94.00 

•  Actual. 

To  find  the  capacity  of  pipes  greater  than  those  giveix,  look  in  the  table  for  a 
pipe  of  one-half  the  given  size  and  multiply  its  capacity  by  4,  or  one  of  one- 
third  its  size  and  multiply  its  capacity  by  9,  etc.  To  find  the  wexgbt  of  water 
in  any  of  the  given  sizes,  multiply  the  capacity  in  cubic  feet  by  the  weight  of  a 
cubic  foot  of  water  at  the  temperature  of  the  water  in  the  pipe  (see  page  1205). 
To  find  the  capacity  of  a  cylinder  in  U.  S.  gallons,  multiply  the  length  by  tlie 
square  of  the  diameter  and  by  0.0034.  ^ ^^^I^ 
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CyliadiiMl  VmmIi.  Ttaki.  Ci«tifiiB»  Stc 

Diameter  in  feet  amd  kxhm,  aiw  In  Mnmw  teet,  ud  U.  S.  tiBan  capacity  for  x  ft 

indepdi 

z  gallon  "  a^x  cu  in  «  aii37  cu  ft 


Diam. 
ft    in 

Area, 
aqft* 

Gal. 

x-ft 

depth 

Diam. 
ft    in 

^» 

Gal, 

x-ft 

daiith 

Diam. 
ft   ia 

i^' 

Gal. 

i-ft 

depOi 

X 

0.78s 

IS' 

8 

25.22 

Z88.66 

X9 

283.53 

2X30.9 

Z        X 

0.923 

6.89 

9 

as  97 

X94  25 

X9    3 

29x04 

2177  X 

X        2 

X.069 

8.00 

5  XO 

26.73 

X9992 
205.67 

19   6 

29B.6S 

2234.0 

1       3 

1.227 

9x8 

XX 

27.49 

X9    9 

306.35 
3x4.16 

229X.7 

X       4 

X.396 

Z0.44 

28.27 

211.51 

20 

2350.1 

1    I 

\:^ 

11.79 

3 

30.68 

229.50 
248.23 

20    3 

322.06 

2409.2 

X3.2a 

6 

39.18 

20    6 

330.06 

2469.1 

I      7 

X.969 

X4.73 

9 

35.78 

§1 

20    9 

338. x6 

2529.6 

z      8 

2.X82 

X6.32 

38.48 

21 

346.36 
354  66 

2591  0     , 

X      9 

l.to 

X7  99 

i 

41.28 

21    3 

26530 

X     10 

I97S 

44  x8 

330.48 

21     6 

363  05 

27ZS.8 

X      XX 

2.885 

21.58 

9 

47x7 

352.88 

«    9 

371.54 

27793 

2 

3  X42 

23  50 

S:5 

96.75 

376.01 

aa 

380.13 

^:6 

2       I 

25.90 

1 

399-88 

SI 

388.82 

a     1 

3.6B7 

27.58 

424.48 
44962 

X 

2974.3     1 

2     3 

3.976 

3974 

9 

60.13 

22    9 

3040.8     1 

2      4 

4.276 

31.99 

6362 

475.89 

23 

4IS  48 

3W8.0     , 

I  1 

4.S87 

r^ 

3 

67  20 

502.70 

a3   3 

424.56 

3x75.9     ' 
3244  6 

4909 

6 

70.W 

530.24 

a3  6 

433  74 

2      7 

S  a4X 

39  n 

9 

74.66 

558.51 

a3  9 

443  OX 

33x40    1 

a     8 

5585 

4x78 

10 

7a.54 

587.52 

a4 

tM 

3384.1     ' 

a     9 

5940 

nn 

XO 

1 

8a.S2 

617.26 

34    3 

mi '. 

2     ZO 

tm 

10 

86.50 
90.76 

647  74 

24    6 

471  44 
481. IX 

a    XX 

tn 

10 

9 

678.95 

24    9 

3596  9    1 

3 

7.069 

XI 

95.03 

710.90 

25 

490.87 

3672  0 

3     z 

?:^ 

55  86 

IZ 

2 

9940 

743.58 

as  3 

S00.74 

3745  8 

3       2 

58. 9a 

XI 

x<«.8T 

776.99 

as   6 

SX0.7X 

3B2OJ 
38956 

3      3 

8.296 

62.06 

11 

9 

X06.43 

81Z.Z4 

2' 

520.77 

3      4 

8.7*7 

6526 

la 

XX3.X0 

846.03 

53093 

397X  6 

1  1 

9x68 

68.58 

12 

•i 

117.86 

88Z.6S 

26    3 
a6   6 

541  19 

4048.4     1 

9.6ax 

71  97 

12 

122.73 

127.68 

9x8.00 

551.55 

4x25  9 

3      7 

10.08s 

7544 

X2 

9 

955.09 

26    9 

562.00 

4204  1 

3      8 

X0.5S9 

S:8 

13 

X3a  73 

992 .« 

ar 

572.96 

42630     1 

3     9 

11.045 

13 

3 

X37.89 

X031.S 

1070.8 

27    3 
27    6 

Stt.ai 

436a  7     1 

3    lo 

XX.54X 

86.33 

13 

6 

X43.X4 

I2.i? 

4443  X 

3    11 

X2.Q48 

90.13 

13 

9 

148.40 

11x0.8 

27    9 

45243 

4 

12. 566 

94.00 

14 

X53.94 

xisi.s 

38 

Sii:2S 

4606a    1 

4      X 

13.095 

97.96 

X4 

i 

ZS9  48 

XX93.0 

28    3 

4688.8    1 

4      2 

M§6 

xoa.oo 

14 

i6s  13 

1235  3 

a8    6 

637.94 

4772  X 

4      3 

X06.12 

Z4 

9 

X70.87 

X278.a 

28   9 

6£!S2 

4856.2    : 

4      4 

X4'748 

xio.3a 
114.61 

X5 

X76.7X 
i8a.6s 

X3ax.9 

29 

4941. 0     . 

I  i 

xs.3ax 

X5 

i 

X366.4 

%l 

67X.96 

5006.6 

XS.90 

118.97 

X5 

188.69 

X4XX.S 

68349 

5XX29 

: : 

16.90 
17.  XO 

X23.42 
127.95 
132.50 

^ 

9 

194.83 
201.06 

X4S7.4 
IS04  I 

29    9 

30 

%u 

4      9 

X7.7a 

rfl 

3 

207.39 

XSSI  4 

30   3 

718.69 

5376.2 

4    xo 

I8.3S 

137.2s 

16 

6 

213.82 

im 

30    6 

730.62 

5465.4 

4    XI 

18.99 
X963 

142.02 

16 

9 

220.3s 

30    9 

742.64 

5SSS4 

5 

X46.88 

X7 

226.98 

X697.9 

31 

?a.s 

S646X 

S      X 

20  29 

IS1.82 

X7 

3 

233  7X 

X748.2 

3X    3 

S737S 

5     a 

S:g 

W6.«3 

17 

6 

240.53 

X790  3 
1851.1 

3X    6 

779  31 

5829.7 

^.1 

5    a 

x§x  93 

12 

9 

247.45 

31    9 

wn 

5      4 

2^34 

167.  z« 

254  47 

\^t 

3t 

839.58 

5      5 

39.04 

33.76 

I7».3B 

x8 

3 

261.99 

32   6 

61x0.6 

5     6 

177.1a 

183.15 

18 

6 

26S.80 

2010.8 

6205.7 

S      7 

24.48 

18 

9 

276.12 

ao6ss 

32   9 

842.39 

flaoi.s 

*  Also  cubic  feet  foe  I  St  ia^or^ 
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Number  of  bamb  (^iH  gd)  is  ckUrns  and  tanks 

DiAxnetcr.ft 

DCTth. 

ft 

5 

6 

7 

8 

9 

10 

IX 

la 

13 

5 

Si 

33.6 

45.7 

59.7 

75.5 

93.3 

xia.8 

161. 1 

157.6 

6 

40.3 

U:S 

7X.7 

90.6 

IXX.9 

135.4 

189. 1 

I 

3a,7 

47.0 

83.6 

105. 7 

130.6 

158.0 

X88.0 

aao.6 

37. 3 

537 

73.1 

95.5 

xao.9 

167 19 

180.5 

ax4.8 

^1?^ 

9 

4a.o 

60.4 

8a.a 

307.4 

xji.o 

303.1 

JS:3 

3837 

lO 

4«.T 

^.l 

91.4 

119.4 

\&l 

186.1 

aa5.7 

I' 

XX 

SX.3 

73.9 

xoo.s 

X31.3 

aos  1 

a48.a 

395.4 

xa 

S6.0 

80.6 

m 

X43.a 

181.3 

aa3.8 

a70.8 

333.3 

378.a 

13 

60.7 

87.3 

155.3 

196.4 

^:i 

3934 

34?  X 

409.7 

14 

es3 

94  0 

1*79 

1*7. 1 

■aii.s 

315  9 

376.0 

44x3 

If 

70.0 

XOO.7 

137.  X 

X790 

aa6.6 

889.8 

338.5 

401.8 

473.8 

i6 

74.7 

l«7.4 

X46.a 

191.0 

341.7 

398.4 

^l 

ss 

50*3 

17 

Si; 

114. 1 

{§1 

aoa.9 

as6.8 

317.0 

SI 

18 

xao.O 
xa7.6 

m 

a7a.o 

335  7 

483.4 

567.3 

19 

173.6 

a87.o 

3543 

4a8.8 

510.3 

59B.0 

ae 

93  3 

134-3 

I8a.8 

338.7 

30a. X 

3730 

451.3 

537.1 

630.4 

Diameter,  ft 

D,jjh. 

r               1                r               1               I               1               1 

i 

I8a.8 

ao9.8 

338.7 

369.5 

loa.i 

336.6 

373.0 

4IX.3 

45X3 

ai9  3 

asi.8 

386.5 

3334 

36a.6 

404.0 

447.6 

493.5 

541.6 

i 

aS59 

393. 7 

334  3 

377  3 

433.0 

471.3 

532.  a 

gi:l 

63x9 

a9a.4 

335.7 

38a.o 

431  3 

483.4 

596.8 

738.1 

9 

399-0 

377.7 
4x95 

439.7 

4851 

S' 

671.4 

740.3 

8ia.4 

10 

36S5 

477.4 

5390 

673.3 

746.» 

8aa.s 

909.7 

XI 

xa 

403- 1 
438.« 

461.6 
S03.5 

53$. 3 

573.9 

m 

667.7 

735  I 

8ao.6 

904.7 
987.0 

iJg:? 

13 

475.  a 

Ss^ 

Si 

25:1 

875.3 

1069.8 

11T3'5 

14 

SII.8 

668.a 

94a.6 

X044.4 

1151. 5 

X368.7 

\i 

639.4 

7x6.  a 

8C6.S 

906.4 

1009.9 

11x9.0 

Xa33.7 

X3540 

584.9 

67X4 

JI?1 

86a.4 

966.8 

1077.3 

1x93.6 

I315.9 

X444  3 

17 

6ax.4 

7134 

9x6.3 

ioa7.3 

10446 

1868.3 

1480^4 

^i 

X8 

658.0 

7SS3 

8594 

970.3 

1087.7 

iaxx.9 

X34a.8 

19 

694.5 

797.3 

907.x 

ioa4.i 

1148.1 

5U2.J 

X4I7.4 

1562.7 
1644.9 

17x5  1 

ao 

731  I 

8393 

954.9 

1078.0 

xaa6.5 

1493.0 

I8Q5.3 

Dkunettf.ft 

"T" 

« 

23 

34 

35 

36 

37 

a8 

39 

30 

5 

493  3 

537.1 

583.8 

«30.4 

679.8 

731.  X 

784.3 

839.3 

6 

644.5 

699.4 

756.5 

8X5.8 

877.3 

941. X 

1007.1 

I 

690.6 

75a. 0 

815.9 

88a.5 
X008.6 

951.7 

10835 

X097.9 
1354. 8 

1175.0 

789.3 

Sell 

933.5 

X087.7 

1169.7 
1316.0 

X343.8 

9 

ki 

1049.1 

\^.l 

xaa3.6 

I411.6 

XSI0.7 
1678.5 

xo 

1074^ a 

II6S.6 

13596 

I46a.a 

IS68.2 

11 

xoSsa 

1181.7 

xa8a.a 

1386.8 

1495.6 

X608.7 

X733.0 

1846.4 

la 

laSa.o 

laSo.i 

1398.7 

1513.9 

\%.5 

1754. 6 

X88a.a 

30U.3 

13 

X396.5 

1515.3 

1639.0 

1900.8 

ao39.o 

8I88.O 

M 

xaSx.a 

1WI.9 

X63X.9 

1903U 

3047. 1 

3195.9 

33439 

if 

14799 

1611.4 
1718.8 

Xi 

1891.X 
aoi7.a 

3039.4 
3175.4 

3X933 
3339.5 

3352.7 
3509.6 

^^6 

2 

lOn.a 

i8il6.a 

I9ftx.6 

ax43.a 
3369.4 

1311.3 

%il 

a066.4 

iBBl.S 

1775.9 

1*74.5 

1933.6 

3098. X 

3447.3 

3833.3 

3081. 3 

19 

ao4X.t 

aai4.7 

33954 

3583.3 

377«.l 

2980.1 

3189.3 

ao 

1973.  a 

«48.5 

asai.a 

3531.5 

a7X9.a 

3924.4 

3137.0 

3357.0 

For  tanks  that  are  tapering,  measure  the  diameter  four-tenths  iromrlttga  omL 
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NvmlMr  of  «V.  S.  GsUoos  i& 

For  One  Foot  in  Depth 
z  cu  ft  *■  7*4805  gal 


Length  of  tank,  ft 

Width, 

ft 

a 

a.S 

3 

35 

4 

4.5 

5 

55 

6 

6.5 

7 

2 

3993 

37-4C 

44.88 

53.36 

59.84 

67.3a 

74.81 

82.29 

89.77 

97.as  104-73 

a.5 

46.7s 

56.10 

65.45 

74.80 

84.16 

93.51 

102.80 

112.21 

xax.  56x30.91 

3 



6733 

78.54 

89.77 

100.99 

113.21 

133  41 

134  65 

X45  87  157.09 

35 

.... 

9164 

104.7^  117. 83!  130.91 

144.00 

157.09 

170.18x83.  a? 

4 

119.69 

134.65,14961 

164.57 

17953 

19449  309.45 1 

4-5 

151.48 

168.31 

185.14 

aoi.97 

3x8.80  235.63! 

5 

187.01 

305.71 

324. 41 

243. 11 

261.82 

5.5 

226.28 

246.86 

267.43la68.00; 

6 

369.30 

391  74 

314. 18 

6.5 

316.  OJ 

340.36 

7 

366.S4 

Length  of  tank,  ft 

Width. 

ft 

75 

8 

8.5 

9 

9.5 

10 

10.5 

XI 

11.5 

12 

a 

iia.ai 

119.69 

137.17 

134.6s 

143.13 

149.61 

157.09 

164.57 

173.05 

179  53 

140.  a6 

149  61 

IS8.96 

166.31 

177.66 

187.01 

196.36 

30571 

ai5.o6 

2^4.41 

166.31 

179  53 

190.7s 

aoa.97 

213.19 

334. 41 

235  63   346.86 

as8.o7 

36930 

196.36 

30945 

322.54 

335  63 

348.73;  361.82 

274  90'  388.00 

301.09 

314.18 

aa4.4i 

a39.37 

354  34 

369.30 

a84.36|  399.aa 

314.18;  339  14 

344.10 

359.06 

asa.47 

369.30 

386.13 

30396 

319  79;  336.63 

353  45    370.36 

367.11 

40394 

ato.sa 

a99.aa 

317.93 

336.63 

3SS33 

374. 03 

393.73'  411  43 

430. 13 

448.83 

308.57 

339  14 

34971 

370  38 

390.8s 

411  43 

43a. ooj  452.57 

473.14 

49371 

336.61 

359.06 

381  SO 

403  94 

436.39 

448.83 

471  37;  493  71 

S16.IS 

S3(B59 

36467 

3B8.98 

41330 

437  60 

46x93 

486  33 

510.54    S34  85 

550X6 

5813  47 

39a. 7a 

418.91 

445  09 

471  37 

49745,  533  64 

549  81,  575  00 

60a.  x8 

6a8.j6' 

4ao.78 

448.83 

476.88 

SO4.93 

S3a.98|  S61.04 

589.08,  617.14 

645. 19 

©73  34, 

478.7s 

S08.67 

S38.S9 

S68.51I  598.44 

638.36   658.36 

668.20 

718.X2 

540.46 

sfi.as 

604.05;  635.84 

667.63'  690.43 

731  ai 

70300 

605.93 

639  58   673  35 

706.90;  740.56 

774. 23 

807.89' 

67s. II    710.65 

746.17.  781.71 

8x7  34 

«Sa.77 

10 

748.05 

785.45!  822.86 

86o.a6 

•97.66 

xo.s 

.... 

824  73   864  00 

903  36 

94a.s6' 

II 

1  90s  14 

946.27 

987.43 

II. 5 

i   

989.39 

1033.3  1 

xa 



1 
1   

1077  a 

To  find  weight  of  water  in  pounds  at  63*  F.,  multiply  the  number  of  saQoM 
bySH. 

Bamplo.  To  fiod  number  of  gallons  in  a  rectangular  tank  that  is  7.5  ft  bf 
xo  ft.,  the  water  being  4  ft  deep.  Look  in  the  extreme  left-hand  column  for 
7.5  and  opposite  to  this  in  the  column  headed  10  reed  561.04,  which  bckg 
multiplied  by  4,  the  depth  of  water  in  the  tank,  gives  2244  a,  the  nambcr  of 

"ons  i«quifcd. 


yGoogk 


Plumbing  and  Drainage 
(a)   PLUMBING  AHD  DEAINAGS 


1321 


Rdliable  Roles  for  Pliimbing  and  Drainage.  The  water-supply  of 
buildings,  including  the  apparatus  for  beating  water,  the  system  of  drainage 
and  sewage,  and  the  various  fixtures  connected  therewith,  are  installed  by  the 
plumber,  usually  in  accordance  with  specifications  prepared  by  the  architect 
and  subject  to  municipal  regulations.  An  efficient  and  safe  S3rstem  of  plumbing 
is  a  matter  of  vital  importance.  The  following  may  be  used  as  a  reliable  guide 
in  angr  locality. 

EXIKACTS  *  TROU  THE  RULES  AND  REGULATIONS  07  THE  DEPARTMENT  Of 

BmLDiNGS  or  the  Cm  or  New  York,  Adopted  April  2$,  191 2 
Definltiona  of  Terms 
(i2)t  The  term  private  sewer  is  applied  to  main  sewers  that  are  not  con* 
stnicted  by  and  under  the  supervision  of  the  Department  of  Sewers. 

(13)  The  term  house-sewer  is  applied  to  that  part  of  the  main  drain  or  sewer 
extending  from  a  point  2  ft  outside  of  the  outer  wall  of  building-vault  or  area  to 
its  connection  with  public  sewer,  private  sewer  or  cesspool. 

(14)  The  term  house-drain  is  applied  to  that  part  of  the  main  horizontal 
drain  and  its  branches  inside  the  walls  of  the  building^vault  or  area  and  extend- 
ing to  and  connecting  with  the  house-sewer. 

(15)  The  term  soil-pipe  is  applied  to  any  vertical  line  of  pipe  extending 
through  roof,  receiving  the  discharge  of  one  or  more  water-closets  with  or  with- 
out other  fixttu-es. 

(16)  The  term  waste-pipe  is  applied  to  any  pipe,  extending  through  roof, 
receiving  the  discharge  from  any  fixtures  except  water-closets. 

(17)  The  term  vent-pipe  is  applied  to  any  special  pipe  provided  to  ventilate 
the  system  of  piping  and  to  prevent  trap-siplioDage  and  back-pressure. 

Materials  and  Workmansliip 
SoQ-Plpe  and  Vent-Pipe.    (19)  All  cast-iron  pipes  and  fittings  must  be 
uncoated,  sound,  cylindrical,  and  smooth,  free  from  cracks,  sand-holes  and 
other  defects,  and  of  uniform  thickness  and  of  the  grade  known  in  commerce  as 

EXTRA  HEAVY. 

(30)  Pipe,  hicluding  the  hub,  shall  weigh  not  less  than  the  following  average 
weights  per  finear  foot: 


Weights  per 

Unearfoot. 

lb 

3  in , 

SH 
9H 

13 

17 

20 

27 

33M 

45 
54 

3  in 

4  in 

5  in 

6  in 

7in 

8  in 

10  in 

12  in 

*  These  numbered  paragraphs,  from  (la)  to  (174}.  extracts  from  Buikliiig  Regulatkuii, 
are  unedited,  except  in  those  details  which  affect  tsrpof^phical  uniformity  throughout 
the  book.     Editor-iU'Chief . 

t  Parsgrapfa-nnmbers  are  the  same  as  those  in  the  Offidal  Regalatkms.  Miasing  num- 
ben  indicate  paragraphs  purposely  omitted. 
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(33)  AUjomts  must  be  made  li^th  Incited  oakum  a&d  molten  lead  and  be  znade 
gas-tight.  Twelve  (13)  os  of  fine,  soft  pig  lead  miut  be  used  at  each  joint  for 
each  inch  in  the  diameter  of  the  pipe. 

(34)  Wrought-iron  and  steel  water-pipe^  vent-pipes»  waste-pipes  and  ao3- 
pipes  must  be  galvanized. 

(39)  All  brass  pipe  for  soil-pipes,  waste-pipes^  and  vent-pipes  and  sddcr-nip- 
ples  must  be  thoroughly  annealed,  seamless-drawn,  brass  tubing  of  standard 
iron-pipe  gauge. 

Lead  Waste-Pipes.  (37)  The  use  of  lead  {^pes  is  restricted  to  the  short 
branches  of  the  soil-pipes  and  waste-pipes,  bends,  tiapt,  and  toof  •^onnectaaos 
of  inside  leaders.  Shokt  BaAMCBES  of  lead  pipe  shall  be  oonitnied  Id  mean  not 
more  than 

8  ft  of  iH-in  pipe 

5  ft  of  3-in  pipe 

2  ft  of  3-in  pipe 

2  ft  of  4-hi  pipe 

(38)  All  connectiona  between  lead  pipes  and  between  lead  and  btait  or  copper 
pipes  must  be  made  by  means  oC  wiped  solder  joints. 

(39)  All  lead  waste,  soil,  vent,  and  flush-pipes  must  be  of  the  best  quality* 
known  in  commerce  as  Z),andof  not  leas  than  thefoUowing  weights  per  Hnear  foot: 


Diameten 


Weights  per 

linear  foot, 

lb 


iH  in  (for  flush-pipea  only) . 

iViin 

sin 

3m 

Asmd^H  in « 


2H 

3 

4 
6 
8 


(40)  All  lead  traps  and  bends  must  be  of  the  same  weights  and  thirknetscs 
as  their  corresponding  pipe*branches.  Sheet  lead  for  roof-flashings  must  be 
6-lb  lead  and  must  extend  not  less  than  6  in  from  the  pipe,  aad  the  joint  made 
water-tight. 

(41)  Copper  tuUag  when  used  for  inside  leader  roof-coonections  must  be 
seamless-drawn  tubing  not  less  than  23  gauge,  and  when  used  for  soof-ilaakinBa 
must  be  not  less  than  18  gauge. 

•  Yard,  Area  and  Othar  Draini 

(54)  All  yards,  areas,  and  courts  exceeding  15  sq  ft  in  area  must  be  drained 
into  the  sewer.  A  shaft  open  at  the  top  and  not  exceeding  35  sq  ft  In  area,  and 
which  cannot  be  connected  in  back  of  a  leader,  yard,  court,  or  area  drain-trap, 
may  be  drained  into  a  publidy  placed,  water-supplied,  properly  tapped  and 
vented  slop-sink. 

(59)  These  drains,  when  sewer-connected,  must  have  connections  not  less 
than  3  in  in  diameter.  Th^r  should  be  controlled  by  one  trap,  the  leader-trap 
if  possible. 

Leaders 

(60)  Evexy  building  shall  be  kept  provided  with  proper  metalHc  gutters  and 
rain<leaders  for  conducting  water  from  all  roofs  in  such  numner  as  shall  protect 
the  walls  and  foundations  of  said  buildings  from  injury.  In  no  case  shall  the 
water  from  any  rain-leader  be  allowed  to  flow  upon  the  sidewalk  or  adjoining 
property,  but  the  lanie  shall  be  conducted  by  proper  pipea  to  the  sewer*  If 
there  be  no  sewer  in  the  street  upon  which  the  buildtags  front  then  the  water 
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from  laid  leaden  shftll  be  ^xmducted  by  proper  pipes  bdov^  the  surface  of  the 
sidewalk  to  the  street-gutter,  or  may  be  conducted  by  extnirheavy  cast-iroD 
pipe  to  a  leeching  cesspool  located  at  least  20  ft  from  any  building.  No  pluml^ 
ing  fixtures  shall  discharge  into  a  leeching  cesspool. 

(6x)  Inside  leaders  must  be  made  of  cast  iron,  wrought  iron,  or  sted,  with 
roof-cxmnections  made  gas-tight  and  water-tight  by  means  of  a  heavy  lead  or 
copper-drawn  tubing  wiped  to  a  brass  ferrule  or  nipple  calked  or  screwed  into 
the  pipe. 

(69)  Outside  leaders  may  be  of  sheet  metal,  but  they  must  connect  with  the 
house-drain  by  means  of  a  cast-iron  pipe  extending  vertically  5  ft  above  the 
grade^level. 

(63)  Leaders  must  be  trapped  with  cast4ron  running  traps  so  placed  as  to 
prevent  freezing. 

(64)  Rain-water  leaders  must  not  be  used  as  soil-pipes,  waste-pipes  or  vent- 
plpea,  aor  shall  any  such  pipe  be  used  as  a  leader. 

The  House-Sewer,  House-Drain,  House-Trap  and  Frtth-Air 
Inlet 

(70)  The  house-drain  must  properly  connect  with  the  house-sewer  at  a  point 
2  ft  outside  of  the  outer  front  vault  or  area-wall  of  the  building.  An  arched  or 
other  proper  opening  in  the  wall  must  be  provided  for  the  drain  to  prevent 
damage  by  settlement. 

(71)  The  house-drain  if  above  the  cellar-floor,  must  be  supported  at  inter- 
vals of  10  ft  by  8-in  brick  piers  or  suspended  from  the  floor-bcains,  or  be  other- 
wise properly  supported  by  heavy  iron-pipe  hangers  at  intervals  of  not  more 
than  10  ft. 

(72)  No  steam-exhaust,  boiler  blow-off,  or'drip-pipe  shall  be  connected  with 
the  house-drain.  *Such  pipes  must  first  discharge  into  a  proper  condensing  tank, 
and  from  this  a  proper  outlet  to  the  house-sewer  outside  of  the  building  must  be 
provided  In  low-pressure  steam-sjrstems  the  condensing  tank  may  be  omitted, 
but  the  waste-connection  must  be  otherwise  as  above  required. 

(73)  The  house-drain  and  house-sewer  must  be  run  as  direct  as  possible, 
with  a  faU  of  at  least  V4  in  per  ft,  all  changes  in  direction  made  with  proper 
fittmgs,  and  all  connections  made  with  Y  branches  and  one-eighth  and  one-six- 
teenth bends. 

Size  of  HoQse-Sewer.  (74)  The  house-sewer  and  house-drain  must  be  at 
least  4  in  m  diameter  where  water-closets  discharge  into  them.  Where  rain- 
water discbarges  mto  them,  the  house-cewer  and  house-drain  up  to  the  leader- 
connections  must  be  in  accordance  with  the  following  table: 


For  a  fall  of 

Foraiallof 

pipe, 
in 

H  in  per  foot, 

H  in  per  foot. 

aq  ft  of  draisasis 

sq  ft  of  drainage- 

area 

area 

I  aoo 

1500 

2500 

3200 

4S0O 

6000 

8000 

10  000 

U400      , 

15600 

1 

iSooo 

22500 

#5  000 

31  SOD 

1 

10 

4x000 

59  ow 

1 

12 

69000 

98000 
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(75)  Full-size  Y  and  T-branch  fittings  for  hand-hole  dean-outs  must  be  pro- 
vided where  required  on  house-drain  and  its  branches.  No  dean-out  need  be 
larger  than  6  in  in  diameter. 

(76)  An  iron  running-trap  must  be  placed  on  the  house-drain  near  the  wall 
of  the  house,  and  on  the  sewer-side  of  all  connections,  except  a  Y  fitting  used  to 
recdve  the  discharge  from  an  automatic  sewage-lift,  oil-separator  or  a  drip- 
pipe  where  one  is  used.  If  pUced  outside  the  house  or  bdow  the  cellar-floor 
it  must  be  made  accessible  in  a  brick  manhole,  the  walls  of  which  must  be  8  in 
thkk,  with  an  uon  or  flagstone  cover.  When  outside  the  house  it  must  never 
be  less  than  3  ft  below  the  surface  of  the  ground. 

(79)  A  FRBSH-AiR  INLET  must  be  connected  with  the  house-drain  just  inside 
of  the  house-trap  and  extended  to  the  outer  air,  terminating  with  a  retum-bend, 
with  open  end  x  ft  above  the  grade  at  most  available  point,  to  be  detemuDed  by 
the  superintendent  of  buildings  and  shown  on  plans.  The  fresh-air  inlet-pipe 
must  be  of  the  same  diameter  as  the  house-drain.  An  automatic  device  approved 
by  the  superintendent  of  buildings  may  be  used  when  set  in  a  manner  satis- 
factory to  him. 

Note.  The  fresh-air  inlet  and  running  trap  prescribed  by  Sections  76  and  79 
are  not  required  in  many  dties,  and  it  is  better  to  omit  them  whero  not  re- 
quired. 

SoU-Pipes.  Waste-Pipes  and.  Vent-Pipea 

(Si)  AU  main,  soil,  waste  or  vent-pipes  must  be  of  iron,  steel,  or  brass. 
(90)  The  diameters  of  soil-pipes  and  waste-pipes  must  not  be  less  than  those 
given  in  the  following  table: 


Main  soil-pipes 4  in 

Main  soil-pipes  for  water-closets  on  five  or  more  floors 5  in 

Brandi  soil-pipes 4  in 

Blain  waste-pipes » in 

Main  waste-pipes  for  kitchen-sinks  on  five  or  more  floors 3  in 

Branch  waste-pipes  for  laundry-tube i^  in 

When  set  in  ranges  of  three  or  more a  in 

Branch  waste  for  kitchen-sinks « a  in 

Branch  waste  for  urinals a  in 

Branch  waste  for  other  fixtures iH  in 


(97)  The  SIZES  OF  VENT-PTPES  throughout  must  not  be  less  than  the  follow- 
ing: 

For  main  vents,  2  in  in  diameter;  for  water-closets  on  three  or  more*  floors, 
3  in  in  diameter;  for  other  fixtures  on  less  than  seven  floors,  a  in  in  diameter; 
3-in  vent-pipe  will  be  permitted  for  less  than  nine  stories;  for  more  than  ei^t 
and  less  than  sixteen  stories,  4  in  in  diameter;  for  more  than  fifteen  and  less 
than  twenty-two  stories,  5  in  in  diameter;  for  more  than  twenty-one  stories  the 
sise  of  vent-pipe  shall  be  determined  by  the  superintendent  of  buildinga. 

For  fixtures  other  than  water-dosets  and  slop-sinks  and  for  more  than  eight 
stories,  vent-pipes  may  be  x  in  smaller  than  above  stated. 

*    Traps 

(loi)  Every  fixture  must  be  separately  trapped  by  a  water-sealing  trap  placed 
as  close  to  the  fixture-outlet  as  possible  and  no  trap  shall  be  placed  mace  than 
2  ft  from  any  fixture. 
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(xoa)  A  set  of  not  more  than  three  wash-trays  may  connect  with  a  single  trap* 
or  into  the  trap  of  an  adjoining  sink,  provided  both  sinic  and  tub  waste-outlets 
are  on  the  same  side  of  the  waste-line  and  the  sinIc  b  nearest  the  line.  When  so 
connected  the  waste-jxpe  from  the  wash-trasrs  must  be  branched  in  below  the 
water-seal. 

(103)  The  discharge  from  any  fixture  must  not  pass  through  more  than  one 
trap  before  reaching  the  house-drain. 

(109)  All  earthenware  traps  must  have  approved  heavy  brass  floor-plates 
properly  secured  to  the  branch  soil-pipe  and  bolted  to  the  trap-flange  and  the 
joint  made  gas-tight.  The  use  of  rubber  washers  for  floor-connections  is  pro- 
hibited. All  floor-flanges  must  be  set  in  place  and  inspected  before  any  water- 
closet  is  set  thereon. 

(zxo)  No  trap  shall  be  placed  at  the  foot  of  ihain  soil-  and  waste-pipe  lines. 

(iza)  The  sizes  for  traps  must  not  be  less  than  those  given  in  the  foflowing 
table: 


Traps  tor  water-ckMets 4  in  in  dtam. 

Traps  for  dop-tinks ainin  diam. 

Traps  for  kitchen-sinki a  in  in  diam. 

Traps  for  wasb*tmys a  in  in  diam. 

Traps  for  urinals a  in  in  diam. 

Traps  for  shower-baths ainin  diam. 

Traps  for  other  fixtures xH  in  in  diam. 


Traps  for  leaders,  areas,  floor  and  other  drahis  must  be  at  least  3  in  in  diam- 
eter. 

t 

Wftter-Closets 

(ia4)  In  tenement-houses,  lodging-houses,  factories,  workshops,  and  all 
public  buildings  the  entire  water-closet  apartment  and  side  walls  to  a  height 
of  6  in  from  the  floor,  except  at  the  door,  must  be  made  water-proof  with  asphalt, 
cement,  tile,  metal,  or  other  water-proof  material  as  approved  by  the  superin- 
tendent of  buildings. 

(x27)  The  general  water-closet  accommodation  of  any  building  cannot  be 
placed  in  the  cellar  nor  can  any  water-closet  be  placed  outskle  of  a  building, 
except  to  replace  an  existing  water-closet. 

(130)  In  all  sewer-connected  occupied  buildings  there  must  be  at  least  one 
water-closet,  and  there  must  be  additional  closets  so  that  there  will  never  be 
more  than  fifteen  persons  per  closet. 

(laa)  In  lodging-houses  there  must  be  one  water-closet  on  each  floor,  and 
when  there  are  more  than  fifteen  persons  on  a  floor,  there  must  be  one  additk>nal 
water-cbset  for  every  fifteen  additional  persons  or  fraction  thereof. 

(x35)  Water-closets  and  urinals  must  never  be  connected  directly  with  or 
flushed  from  the  water-supply  pipes,  except  when  flushometer-valves  are  used. 

(x39)  Iron  water-clqset  and  urinal-dsterns  and  automatic  water-closets 
and  urinal-cisterns  are  prohibited  unless  approved  by  the  superintendent  of 
buildings. 

(140)  The  copper  lining  of  water-ckMets  and  urinal-dsterns  must  not  be  lighter 
than  xo-oz  copper. 

(14X)  Water-ck)6et  flush-pipes  must  not  be  less  than  iM  in  and  urinal  flush« 
pipes  I  in  in  diameter,  aixl  if  of  lead  must  not  weigh  less  than  aH  lb  and  2  lb 
per  Un  ft.    Flttflli-ooiq)iiiigs  must  be  of  full  siae  of  the  pipe. 
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Sinks  and  Waalt«Tabf 

(147)  In  all  houses  sinks  must  be  entirely  open,  on  iron  legs  or  brackets, 
without  any  enclosing  woodwork. 

(148)  Wooden  wash-tubs  are  prohibited,  except  when  used  hi  hotels,  restau- 
rants or  bottling  establishments  for  washing  dishes  or  bottles.  Caooent  or 
artificial  stone  tubs  will  not  be  permitted  unless  approved  by  the  supertntcodent 
of  buildmgs. 

Tasting  tbd  Plttmbing-SyttMi 

(tyi)  The  entire  plumbing  and  draining-system  witUn  the  bufldlqg  must  be 
tested  by  the  plumber,  in  the  presence  of  a  plumbing  inspector,  under  a  water- 
test.  All  pipes  must  remain  uncovered  in  every  part  until  they  have  snccess- 
futly  passed  the  test.  The  plumber  must  securely  close  all  openings  as  directed 
by  the  inspector  of  plumbing.  The  use  of  wooden  plugs  for  this  purpose  is 
prohibited. 

(173)  The  water-test  will  be  applied  by  closing  the  lower  end  ol  the  main 
house-drain  and  filling  the  pipes  to  the  highest  opening  abova  tha  roof  with 
Water.  The  water-test  shall  include  at  one  time  the  house-drain  and  bfaockas, 
all  vertical  and  horizontal  soil,  waste  and  vent  and  leader-lines  and  all  bnuKbes 
therefrom  to  point  above  the  surface  of  the  finished  floor  and  beyond  the  fin- 
ished face  of  walb  and  partitions.  If  the  drain  or  any  part  of  the  system  Is  to 
be  tested  separately,  there  must  be  a  head  of  water  at  least  6  ft  above  all  parts 
of  the  work  so  tested,  and  special  provision  must  be  made  for  including  all 
joints  and  connections  in  at  least  one  test^ 

(173)  After  the  completion  of  the  plumbing-work,  in  any  new  or  altered 
building  and  before  the  building  is  occupied,  a  final  smoke-test  must  be  applied 
in  the  presence  of  the  plumbing-inspector.  Except  that  for  a|  building  not  over 
six  stories  in  height,  a  peppermintrtest  may  be  applied. 

(174)  The  nuiterial  and  labor  for  the  tests  must  be  furnished  by  the  plumber. 
Where  the  peppermint-test  is  used,  a  oz  of  oil  ol  peppermint  must  be  provided 
for  each  line  up  to  five  stories  and  cellar  in  height,  and  an  additional  ounce  of 
oil  of  peppermint  muat  be  provided  for  each  line  when  lines  are  more  than  five 
stories  in  height. 

Traps 

A  trap  is  a  device  which  permits  the  free  passage  of  liijuids  through  it,  and 
also  of  any  solid  matters  that  may  be  carried  by  the  liquid,  while  at  the  same 
time  preventing  the  passage  of  air  or  gas  in  either  direction.  Traps  i»ed  for 
plumbing  purposes  are  shaped  so  that  an  amount  of  water  sufficient  to  ckiae  the 
passage  and  prevent  the  passage  of  air  will  stand  in  them  at  all  times.  The 
principle  of  the  common  trap  is  shown  in  Fig.  7.  The  pipe  T  receives  the  waste 
from  a  sink  or  wash-basin,  while  the  lower  end  B  connects  with  the  sewer. 
Sewer-gas  rises  in  pipe  B,  but  is  prevented  from  passing  to  the  fixture  by  the 
water  which  stands  in  the  trap.  The  depth  of  water  through  which  gaa  must 
pass  to  e£Fect  a  passage  is  termed  the  waier-ssal.  The  water-seal  in  the  tiap^ 
Fig.  7,  i>  the  distance  S.  All  plumbing-pipes  which  connect  with  a  sewerage- 
system  require  to  be  t^^?ped  to  prevent  sewer-gas  from  passing  through  them 
to  the  fixture  and  into  the  room  in  which  the  fixture  is  located. 

Vstttilation  of  Traps.  When  a  considerable  body  of  water  niskes  down 
through  a  pipe  it  forms  a  suction,  and  if  the  pipe  is  made  air-tight,  this  wctian 
H  often  sufficient  to  prevent  enough  water  remaining  in  the  trap  to  form  a  seal, 
thus  leaving  an  opening  for  the  passage  of  sewer-gas,  as  in  Fig.  &  By  ooanectiiv 
the  upper  bend  of  a  tiap  with  the  outside  a^  by  msanssl  Mlpc^Hkt  K«  ¥tg.  9^ 
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the  luctioa  will  be  stopped,  and  the  water  in  the  pipe  T  will  not  fall  betow  the 
level  of  the  outlet  at  h.  Several  non-siphoning  traps  have  been  patented  for 
the  puxpoie  of  obviating  the  neoeiaity  of  back-venting,  but  they  are  used  to  a 
cximpaiativcly  limited  extent.    There  are  alao  leveral  varieties  of  back-preasuxe 


B 
Fig.  7.    Water-MaloCnap 


FSg.  8.    Water-trap  Unsealed 


traps,  designed  to  prevent  the  sewage  from  flowing  back  into  the  house-drain. 
These  are  in  the  nature  of  check-valves,  and  are  used  principally  in  seaport- 
towns  where  tide-water  might  possibly  force  the  sewage  back.  The  more  com- 
mon shapes  of  lead  traps  used  in  plumbing,  with  their  trade  names,  ate  shown 


Pans 


Fig.  •.    Types  of  Tra|M 


in  F)g.  0.  The  same  shapes  ard  also  made  of  cast  fat>D.  The  pipes  marked  V 
aie  the  vent-coniiectloM.  The  drum-trap  shown  in  Fig.  10  has  a  deeper  seal 
than  those  shown  in  Fig.  9,  and  is  commonly  used  onder  kitohen-sinks,  bath-tuba 
tad  wash-trays.  Drum-traps  are  not  easily  siphoned,  even  when  not  vented. 
The  tia|»  lor  w^ter-closels  avs  conunooly  fonned  In  the  fictm        , 

Digitized  by  VjOOQ IC 


1328     Hydraulics,  Plumbing  and  Drainage,  and  Gas-Piping    Part  3 

Grease-Traps.  The  waste-water  from  kitchen-sinks  alwa}^)  contains  con- 
siderable grease,  which  if  permitted  to  enter  the  soil-pipe  system  is  liable  to  dofs 
the  pipes  by  adhering  to  the  walls.  In  certain  localities  grease  gives  much  more 
trouble  than  in  others,  due  to  the  chemical  composition  of  the  water.  In  Col- 
orado and  many  other  places  it  is  necessary  to  connect  the  waste  from  kitchen- 

^^Top  of  Ground 


Fig.  10.    Drum-trap  Fig.  11.    Outdoor  Grease-trap 

sinks  with  a  large  grease-trap,  which  collects  and  holds  the  grease,  but  permits 
the  water  to  pass  into  the  sewer  system.  After  a  time  the  accumulated  grease 
fills  the  trap  and  must  be  removed.  On  accoimt  of  this  it  is  desirable  to  use  a 
large  trap,  and  whenever  possible  it  should  be  placed  underground,  just  outside 
the  house,  and  as  near  to  the  sink  as  practicable.    Grease-traps  to  be  placed 

underground  are  commonly  made  of 
24-in  vitrified  drain-tile  or  cement  pipe, 
and  should  be  about  4  ft  deep.  They 
may  also  be  built  of  brick  in  cement 
mortar.  Fig.  11  shows  a  section 
through  such  a  grease-trap  and  the 
inlet  and  outlet-pipes.  When  the  sink 
is  in  a  basement  or  an  upper  story,  or 
when  the  building  occupies  the  entire 
lot,  the  grease-trap  must  be  placed 
under  the  sink.  When  so  pUced,  a 
round  lead  trap  12  or  14  in  in  diameter 
may  be  used,  with  a  large  trap-screw 
in  the  top  for  removing  the  gntae. 
Fig.  12  shows  a  section  through  such  a 
Fig.  12.    Lead  Giease-txap  ^P  ^^  ^  ^^V  i°  ^l^ch  the  connec- 

tions should  be  made.  A  better  form 
of  grease-trap  is  made  of  cast  iron.  Some  dty  ordinances  require  that  inside 
grease- traps  shall  have  a  chilling- jacket  for  the  purpose  of  more  perfectly 
separating  the  grease  and  thus  preventing  any  of  it  from  entering  the  waste- 
pipes.  To  be  effective,  a  grease-trap  must  have  a  capacity  of  at  least  twice 
the  amount  of  greasy  water  that  will  be  discharged  into  it  at  any  one  time. 
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Supply-Pipes.  These  may  be  ol  lead,  brass,  galvanized  iron,  tin-lined  lead, 
or  block  tin.  Lead  pipe  offers  the  least  resbtance  to  the  flow  of  water,  is  easily 
bent  to  suit  any  situation,  and  easy  curves  are  readily  made.  .It  is  generally 
considered  more  durable  underground  than  galvanized-iron  pipe.  The  grade 
known  as  ^4,  or  strong,  is  the  lightest  that  should  ever  be  used,  and  when  the 
supply  is  taken  from  dty  mains,  in  which  there  is  a  considerable  pressure,  A  A, 
or  extra-strong  pipe,  should  be  used.  Galvanized-iron  pipe  is  probably  more 
extensively  used  than  any  other  material  for  water-supply  pipes  in  buildings, 
except  where  nickel-plated  pipe  is  required,  in  which  case  brass  piping  is  com- 
monly used.  Brass  pipe  used  for  water-supply  should  be  what  b  known  as  iron- 
pipe  SIZE.  Brass  piping  is  preferable  to  galvanized  iron  or  lead  for  conveying 
hot  water,  and  is  largely  used  in  the  better  class  of  buildings.  Tin-lined  iron 
and  lead  pipes  and  pipes  of  block  tin  are  usually  considered  as  offering  the 
greatest  resistance  to  corrosion  or  chemical  action,  and  should  always  be  used 
for  a)nveying  ale,  beer  and  other  liquors.  Tin-lined  iron  pipe  is  made  by  pouring 
mdted  tin  into  a  wrought-iron  pipe.  While  in  a  fluid  state  the  tin  is  inseparably 
united  to  the  iron,  and  the  result  is  one  solid  pipe  composed  of  two  metals  which 
CANNOT  BE  TORN  APART.  It  IS  essentially  different  from  iron  pipe  merely 
dipped  in  tin,  and  immeastuably  superior  to  iron  pipe  lined  with  a  separate 
tin  pipe  that  will  become  detached.  Its  fittings  are  lined  with  tin  to  match. 
Hot  water  will  not  injure  it,  rats  will  not  gnaw  it,  and  thieves  will  not  cut  it 
out.  Either  hot  or  cold  water  may  stand  in  block-tin  pipes  and  yet  be  drawn 
from  them  pure  and  free  from  poison  or  rust.  Lead-lined  pipe  is  made  in  the 
same  way  and  insures  delivering  the  water  to  the  house  just  as  it  comes  from  the 
mains  unchanged  by  the  chemical  action  which  often  results  from  contact  with 
wrought-iron  pipe. 

SMunless-Drawn  Benedict  Hickd  Tubing  is  used  to  some  extent  for  the 
exposed  plumbing-pipes  in  high-class  residences,  office  and  public  buildings. 
Being  pure  white  metal  throughout  it  cannot  rub  or  wear  brassy  or  become 
discolored.  It  is  made  in  all  the  regular  iron*pipe  sizes,  and  necessary  fittings 
are  supplied  of  the  same  metal.* 

HouM-Tnnka.  Where  the  pressure  in  the  street-mains  is  not  great  enough 
to  furnish  a  sufficient  volume  of  water  for  supplying  the  fixtures  at  all  times,  or 
in  cases  of  a  private  water-supply,  a  tank  should  be  placed  in  the  attic,  or  ele- 
vated at  least  6  ft  above  the  highest  fixture  to  be  supplied.  In  some  cases  the 
6ztuies  in  the  lower  stoiy  are  supplied  direct  from  the  street  mains,  while  those 
in  the  upper  story  are  supplied  from  a  tank.  The  advantage  of  a  tank  is  that  it 
win  fiU  gradually  from  a  very  small  stream,  and  thus  form  a  reservoir  from 
which  a  larger  volume  can  be  drawn  in  a  shorter  space  of  time  than  could  be 
obtained  direct  from  the  service-pipes.  Storage-tanks  should  always  be  pro- 
vided with  an  overflow-pipe  of  ample  size  and  when  supplied  from  the  street- 
mains  the  supply  should  be  controlled  by  a  ball-cock  and  float.  Storage-tanks 
of  moderate  size  arc  preferably  made  of  wood  lined  with  planished  or  tinned 
copper.  Sheet  lead,  zinc  or  galvanized  iron  should  not  be  used  for  lining  tanks 
containing  water  for  drinking  or  cooking  purposes,  and  arc  not  as  durable  as 
copper,  even  when  the  effect  on  the  water  need  not  be  considered. 

TIm  Size  of  Tank  Required  will  depend  largely  upon  the  character  of  the 
supply.  Tanks  supplied  from  the  street-main  in  which  the  pressure  is  fairly 
constant  need  not  have  a  capacity  exceeding  i6o  gal.  Where  the  water  is 
pumped  into  the  tank  by  a  windmill  or  hot-air  engine,  the  tank  should  have  a 
capacity  sufficient  for  a  three  or  four  days'  supply  at  least. 

*  For  foither  infonoatioe  consult  the  Benedict  &  Bumham  Manufacturing  Company, 
Watcrbory,  Cooa. 
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Amotmt  of  Water  Required. for  Varfoas  Porpoeea.  Tbe  amount  o€ 
water  required  for  household  purpoies  has  been  found  to  be  about  25  gal  lor  each 
person,  large  or  small,  but  waste  will  triple  that  amount  sometimes.  A  hone 
will  drink  about  7  gal  per  day  and  a  cow  from  5  to  6  gal  per  day.  A  carriage  re- 
quires from  9  to  16  gal  for  washing. 

Size  of  Supply-Pipes.  The  proper  diameter  of  supply-pipes  depends  upon 
several  considerations,  such  as  the  number  and  size  of  faucets  that  are  likely  to 
be  discharging  water  at  the  same  time,  the  urgency  of  the  demand,  the  length  of 
the  pipes  and  number  of  angles,  and  upon  the  pressure.  There  is  no  objection 
to  having  a  pipe  larger  than  is  really  necessary,  except  from  the  standpohit  of 
cost.  Service-pipes  should  always  be  one  size  larger  than  the  tap  in  the  street- 
main.  The  following  table  affords  a  fair  guide  for  proportioning  the  supply- 
branches  to  plumbing-fixtures.  If  the  pressure  is  less  than  20  lb  per  sq  in  the 
system  may  be  rated  as  low  pressuee,  and  if  above  20  lb  as  high  pkzssitie. 


Supply-bfanches 


Low 

CMUI 

in 


High 

Ciiui 

in 


To  Bsth-cocki 

BMin-oocks 

Water-closet  flush-tank. . 
Wstcr«closet  fluah-yslTe. 

SiU  or  foot-bsth , 

Kitchen  sii&s 

Pantry  sinks 

Slop-einks 

Urinals 


Htoi 

H 

tWtosH 
H  to  H 

H  to  H 
H 
H 
H 


H  to 
H  to 


Hie  H 

H 

H 

iHtoiM 

H 

Hto  M 
H 

Hto  H 


With  high-pressure  systems,  dwellings  of  five  or  six  rooms  are  1 
for  economy,  supplied  entirely  through  H-An  pipe. 

Iftinimum  Diameter  of  Waste-Pipes.  The  foHowini?  are  considered  as 
the  smallest  diameters  allowable  for  waste-pipes.  The  diameters  required  in 
New  York  City  are  given  on  page  1324* 

Bath  and  sink-wastes,  iVi  in. 
.  Basin  and  urinal-wastes,  xH  in. 

Wash-trays,  xHin  from  each  compartment,  entered  fiito  4-in  drum-trap  sad 
a-in  outlet  from  trap. 

Watei^doset  trap,  a^  in. 


▲pproximaie  Spaciag  foe  lacks 

on  Lead  Pipes 

Sixe  of  pipe. 

in 

Vertical  pipe 

HoriaoDtal  pipe 

Distasice  apart 

Distance  apart 

Hot. 

CM. 

Hot. 

Cold. 

in 

in 

m 

in 

W 

19                          25 

14 

17 

H 

20 

26 

«5 

ig 

H 

21 

27 

16 

i» 

X 

as 

si 

IT 

ao 

lU 

23 

39 

II 

91 

xV4 

24 

30 

x8 

as 
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'DMlgnaHon  of  Lead  Plp«.  The  different  thickncsBM  of  lead  pipe  were 
formerly  designated  by  letters  as  in  Table  H,  page  1332,  but  are  now  more 
.-^Dinraonly  dengnated  as  In  Table  G,  feUowiag,  which  may  be  ponsidered  as 
generally  accepted  by  dealeie. 

Table  O.    Weight!  and  «iea  ef  lead  Pipe 


Caliber 


M-in  Tubing 

Piahieine 

H-in  Aqueduct 

Extra  light 

Light 

Medium 

Stzxmg........ 

Extra  strong 

H-in  Aqueduct 

Bitia  light 

Light 

Medium 

Stfong 

AA 

Extra  strong 

Extra  extra  strong. . . 

H-in  Aqueduct 

Extra  light 

Light 

Medium 

Strong 

Extia  strong 

Extra  sxtfft  strong.. . 
H-in  Aqueduct 

Bttra  light 

Light 

Medium 

Strong 

Extra  strong 

Extra  ettra  strong. . 
H-in  Aqueduct. 

Extra  light 

Light 

z-in  Aqueduct 

Extra  light 

Light 

Medium 

Strong 

Extra  strong 

Extra  extra  strong. . 
iH-in  Aqueduct 

Extra  light 

Light 

Medium 

Strong 

Extra  strong 

Extra  extiu  strong. . 


Weight  per 
foot 


lb 


CaUber 


iH-in  Aqueduct 

Extra  light 

Light 

Medium 

Strong 

Extra  strong 

Extra  extra  strong., 
i^-in  Extra  light 

Light 

Medium 

Strong 

Extra  strong ....... 

»na   Waste 

Extra  light 

Light 

Medium 

Strong 

Extra  strong 

Extm  extra  strong . . 
aVft-in  Waste..... 

Light 

Medium,  ^s  thiek. 

Strong,  H  thick.... 

Extra  strong.  Me 
thick 

Extra  extra  strong, 

Wthick 

Waste 

Light 

Medium.  ^6  thiek. 

Strong.  H  thick.... 

Bxtm  strong,  Me 
thick 

Extra  extm  strong, 

Mthick 

3W-in  Waste 

Strong,  H  thick.... 

Extm  strong.  Me 

thick 

Waste 

Medium 

Strong.  Vi  thick.... 

Extra  strong,  Me 
thick 

Extra  extra  strong, 

Hthick 

S-in  Waste 


yin 


4'in 


Waightper 
foot 


lb 
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Coils  of  supply-pipe  weigh  about  200  lb;  aqueduct  about  90  lb;  snction- 
pipe,  100  to  180  lb  each. 

Blodc-tia  pipe  b  stronger  for  a  given  weight  per  foot  than  lead  pipe  or  tin* 
lined  lead  pipe.    As  compared  with  lead  pipe  its  strength  is  as  jVi  to  z. 

Tin-lined  and  lead-lined  iron  pipe  is  made  with  inside  diameters  of  H,  H»  i» 
iH»  i^  and  2  in,  and  in  lo-ft  lengths,  threaded  without  couplings.  Tin>lined 
and  lead-lined  fittings  are  also  made  (see  page  1329). 


Weights  and  Sixes  of  Sheet  Lead 


ThkknesB.  in. 
Lb  per  sq  ft... 


H4 

^ 

Me 

He 
f uU 

H4 

9fc 

H 

H 

H 

full 

H 

2W 

3 

SH 

4 

5 

6 

8 

10 

12 

14 

16 

Table  H.    Thickness  and  Strength  of  Lead  Pipes 


Mean 

Safe 

Mean 

Safe 

CaU- 

Weight 

Thick- 

buxst- 

work- 

Cali- 

Weight 

Thfck- 

burst- 

ber. 

Mark 

per 

foot, 
lb  oz 

ness. 

ing- 

ing 

ber- 

Mark 

per 

ness. 

ing- 

ing 

in 

in 

pres- 
sure. 

pres- 
sure. 

in 

foot, 
lb  OS 

in 

pres- 
sure. 

pres- 

sure. 

lb 

lb 

lb 

214 

H 

AAA 

I  12 

0.18 

1968 

492 

X 

A 

4    0 

0.2X 

857 

H 

AA 

I    5 

o.xs 

1627 

406 

X 

B 

3    4 

0.Z7 

745 

X86 

W 

A 

I     2 

0.13 

138X 

347 

X 

C 

2    8 

0x4 

562 

140 

H 

B 

X     0 

0.I2S 

X342 

335 

X  • 

D 

2    4 

0.125 

5x8 

129 

H 

C 

014 

O.XI 

1x87 

396 

I 

E 

2     0 

0.10 

475 

XX8 

H 

.... 

0  10 

0.087 

1085 

271 

X 

X    8 

0.09 

325 

81 

Me 

0   9H 

0.08 

775 

X93 

xM 

AAA 

6  X2 

0.275 

962 

240 

H 

AAA 

3    0 

0.2s 

1787 

446 

iH 

AA 

5  12 

0.25 

823 

205 

H 

2    8 

0.225 

X6SS 

413 

iVi 

A 

4  II 

0.2X 

685 

X7I 

H 

AA 

2    0 

0.18 

X393 

343 

xW 

B 

3  11 

0x7 

S46 

136 

H 

A 

X  xo 

o.k6 

I  28s 

32X 

x^ 

C 

3    0 

0.X3S 

420 

XQS 

M 

B 

I    3 

0.125 

980 

245 

xM 

D 

2    8 

0x25 

350 

87 

yi 

C 

X    0 

O.IO 

782 

X9S 

iH 

2     0 

0  095 

322 

80 

H 

D 

0    9 

0.065 

468 

117 

iH 

AAA 

8    0 

0.29 

742 

X8S 

H 

0  xo 

0.07 

556 

139 

iH 

AA 

7    0 

0.25 

700 

X7S 

H 

0  12 

0.09 

62s 

156 

iH 

A 

6    4 

0.22 

628 

XS7 

H 

AAA 

3    8 

0.23 

X548 

387 

14 

B 

5    0 

0.18 

506 

X26 

H 

AA 

2  12 

0.21 

1380 

345 

H 

C 

4    4 

0.15 

430 

107 

H 

A 

2    8 

0.18 

I  152 

288 

H 

D 

3    8 

0.14 

315 

78 

H 

B 

2    0 

0.16 

987 

246 

iH» 

3    0 

0.X2 

245 

61 

H 

C 

I    7 

0.XX7 

795 

X98 

iH 

*B* 

5    0 

xx6 

H 

D 

X    4 

0.10 

708 

177 

in 

C 

4    0 

93 

H 

AAA 

4  14 

0.29 

X462 

36s 

iH 

D 

3  10 

0.I2S 

"3^8 

79 

H 

AA 

3    8 

0.225 

1225 

306 

2 

AAA 

10  II 

0.30 

611 

XS2 

H 

A 

3    0 

0.19 

X072 

268 

2 

AA 

8  X4 

0.25 

5x1 

127 

H 

B 

2    3 

o.xs 

86s 

2X6 

2 

A 

7    0 

0.21 

405 

XOI 

« 

C 

z  12 

0.125 

782 

X95 

2 

B 

6    0 

0.X9 

360 

90 

H 

D 

I    3 

0.09 

505 

X26 

2 

C 

5    0 

0.16 

260 

6s 

z 

AAA 

6    0 

0.30 

1230 

307 

2 

D       4    0 

0.09 

200 

SO 

I 

AA   |4    8 

0  23 

910 

227 
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Sewer-Pip6 
Weight  tad  SisM  of  Pure  Block-Tin  Pipe 


oise  insiae 

diameter 

in 

Weight  per  foot, 

OS 

Siie  inside 

diameter 

in 

Weight  per  foot, 
lb 

Me 

Me 
H 
H 
H 

4 
4.5.6 
4.5.6.8 
4.5.6.8 
5.  6,  8. 10 
9.  za.  x6 

H 

X 
2 

9. ".  i6 

12.  l6 

ao.28 
34  and  upwards 
32  and  upwards 

1 

Sewer-Pipe 
There  are  three  kinds  of  sewer-pipe  or  drain-pipe  offered  in  the  maricet,  (i) 

SALT-GLAZED  VmiFIED  CLAY  PIPE,   (2)    SLIP-GLAZED  CLAY  PIPE  and  (3)   CEICENT 

PIPE.  The  name  of  the  latter  sufficiently  indicates  what  it  is  without  any  de- 
scription. The  SUP-GLAZED  CLAY  PIPE  is  made  of -what  is  known  as  fire-clay, 
such  as  fire-brick  clay,  which  retains  its  porosity  when  subjected  to  the  most 
intense  heat.  It  is  glazed  with  another  kind  of  cbiy,  known  as  sup,  which,  when 
subjected  to  heat,  melts,  creating  a  very  thin  glazing,  and  which,  being  a  foreign 
SUBSTANCE  TO  THE  BODY  OF  THE  PIPE,  is  liable  to  Wear  or  scale  off.  Salt-glazed 
CLAY  PIPE  is  made  of  a  clay,  which,  when  subjected  to  an  intense  heat,  becomes 
vitreous  or  glass-like.  It  is  glazed  by  the  vapors  of  salt,  the  salt  being  thrown 
in  the  fire,  thereby  creating  a  vapor  which  unites  chemically  with  the  day,  and 
forms  a  glazing,  which  will  not  scale  or  wear  off,  and  b  impervious  to  the  action 
of  adds,  gases,  steam,  or  any  other  known  substance.  It  unites  with  the  day 
in  such  a  manner  as  to  form  part  of  the  body  of  the  pipe,  and  is  therefore 
indestructible.  Salt-glazed  pipe  can  only  be  made  from  day  that  will  vitrify, 
that  is,  when  subjected  to  an  intense  heat  will  become  a  hard,  compact,  non- 
porous  body.  It  should  be  borne  in  mind  that  slip-glazing  is  only  resorted  to 
when  the  clays  are  of  such  a  nature  that  they  will  not  vitrify. 

The  Mftterial  of  Drain-Pipes  should  be  a  hard,  vitreous  substance;  not 
porous,  since  this  would  lead  to  the  absorption  of  the  impure  contents  of  the  drain, 
would  have  less  actual  strength  to  resist  pressure,  would  be  more  affected  by 
the  frost  or  by  the  formation  of  crystals  in  connection  with  certain  chemical 
combinations,  or  would  be  more  susceptible  to  the  chemical  action  of  the  con> 
stituents  of  the  sewerage. 

Sewer-Pipes  Should  be  Salt-Glazed,  as  this  requires  them  to  be  subjected 
to  a  much  more  intense  heat  than  is  needed  for  slip-glazing,  and  thus  secures  a 
harder  material.  Cement  pipes  made  without  metal  reinforcement  have  not 
proved  sufficiently  strong  and  durable  to  be  used  with  confidence  in  tmy  im- 
portant work.  When  reinforced  with  metal,  however,  they  have  ample  strength, 
and  reinforced-cement  sewer-pipes  of  large  diameter  are  used  to  a  considerable 
extent  in  Europe. 

For  determining  the  diameter  of  house-sewers,  the  table  on  page  1323  will 
serve  as  a  good  guide.    Storm-sewers  should  be  proportioned  to  the  area  drained. 

The  maximum  rainfall,  as  shown  by  statistics,  is  about  i  in  per  hour,  except 
during  very  heavy  storms,  equal  to  27  225  gal  per  hour  for  each  acre,  or  453  gal 
per  minute  per  acre.  Owing  to  various  obstructions,  not  more  than  from  50  to 
75%  of  the  rainfall  will  reach  the  drain  within  the  same  hour,  and  allowance 
shottkl  be  made  for  this  fact  in  determining  size  of  storm-sewer  required. 
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Caityiflff  Cafftdty  M  8««er-Pip» 
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Qtutntitiet  of  Cement,  Sand  and  of  Cement  Mortar  for  Sewer-Pipe  JoislB 

Prepared  by  J.  N.  Hazlehunt 
For  each  xoo  ft  of  icwer  (with  Portland  cement,  375  lb  net  per  bbl) 
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Plumbing  Spediltiief 

The  Ketiney  Pluslioiiieter.  This  it  a  gravity  valve  designed  for  fluabing 
all  water-closets,  urinals  and  slop-sinks  in  a  building  direct  from  one  tuk 
situated  in  the  attic  or  where  most  desirable,  thus  dispensing  with  th«  individual 
overhead  tank.  The  pipe  from  the  nudn  tank  is  run  down  to  the  different  floors 
either  exposed  or  concealed  and  branches  taken  off  from  there  to  the  i 
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eter.  The  opemtion  of  the  flwhooMUr  is  to  pull  the  handle  forward,  which  ' 
raiaey  the  maia  valve  off  itA  aeat»  malFing  a  direct  ooniiectioa  from  the  fliuhom^ 
eter  to  the  tank.  After  the  handle  is  released  the  valve  doses  slowly  of  its 
own  accord  against  a  high  or  low  pressure*  It  is  constructed  without  springs 
or  cup-lfath«rs  and  closes  by  gravity,  is  built  to  stand  the  hardest  service, 
and  yet  is  so  simple  in  construction  and  operation  that  the  same  valve  is  used 
for  all  requirements,  the  only  differences  in  adjustment  being  those  necessary 
for  work  on  high  or  bw  pressure.  The  flushometer  is  extensively  used  for 
flushing  closets  in  buildings  in  the  Eastern  States*  including  many  large  office- 
buildings,  factories,  schools,  hospitals,  and  the  better  class  of  residences;  also 
on  steamships  and  yachts. 

FUtera.  Then  are  few  cities  in  whkh  the  public  water-supply  is  not  greatly 
improved  in  wholesomeness  by  being  filtered,  and  in  many  places  filtering  is 
absolutaly  necessary.  The  filter  should  be  large  enough  so  that  the  velocity  of 
the  water  passing  throvgh  it  will  be  low  and  it  should  be  so  arranged  that  the 
flow  of  water  can  be  reversed  and  the  accumulated  impurities  washed  into  a 
waste-pipe.  In  the  country  a  filter  suitable  for  rain-water  may  be  built  un- 
derground, the  filtering  process  being  accomplished  by  beds  of  sand  and  gravel. 
For  city  buildings,  however,  a  portable  filter  located  in  the  basement  should  be 
used.  An  ordinary  sand  filter,  either  pressure  or  gravity,  will  clarify  water  of 
all  mechanical  impurities,  suitable  for  plunge-baths,  and  other  general  uses  in 
a  buikling.  To  provide  a  perfectly  sterile  water,  however,  the  filter  must  be 
fitted  with  a  ooagiilating  apparatus  to  automatically  feed  a  proportionate  dose  - 
of  coagidant  to  the  raw  water.  Those  so-called  filters  which  are  made  to  screw 
onto  the  nozzle  of  an  ordinary  faucet  should  be  considered  merely  as  strainers, 
and  even  for  that  purpose  they  soon  become  foul. 

Instantaneous  Water-Heaters  are  a  great  convenience  for  heating  water 
for  baths  and  wash-basins  in  buildings  in  which  a  constant  supply  of  hot  water 
is  not  provided,  and  espedally  in  residences  where  the  cooking  is  done  by  gas. 
They  are  cylindrical  in  shape,  made  of  nickeUpUted  copper,  and  are  usually  ' 
set  on  a  nickel-plated  shelf  attached  to  the  wall  close  to  the  fixture  to  be  supplied. 
A  heater  loH  in  in  diameter  and  30  in  high  will  heat  so  gal  of  water  in  eight 
minutes  at  a  cost  of  iH  to  9  cts  with  gas  at  |i  per  1 000  cu  ft.  A  large  line  of 
these  heaters  is  made  by  the  Humphry  Manufacturing  and  Plating  Company, 
Kalamazoo,  Mich.,  for  both  gas  and  gasolene,  although  gas  h  preferable  when 
it  can  be  had.   "The  cost  of  heaters  varies  from  $15  to  $45,  according  to  size. 

Aa  Avtomatic  Water-HMter  which  maintains  water  at  any  desired  tem- 
perature without  attention,  provided  the  building  has  a  supply  of  live  steam,  is 
made  by  James  B.  Clow  &  Sons,  the  supply  of  steam  being  automatically  regu- 
lated by  a  thermostat.  It  will  be  found  especially  desirable  in  hospitals,  hotels, 
apartment-houses  and  public  institutions.  The  heater  is  made  in  four  sizes, 
with  capacities  of  i  500,  2  500, 4  000  and  6  500  gal  per  hour. 

The  Climax  CeUar-Drainer  ^  is  a  simple  device  for  raising  water  from  6  to 
10  ft  without  attention  or  power,  except  a  supply  of  steam  or  water.  It  is  used 
principally  for  draining  cellars,  wheel-pits,  furnace-pits,  etc.,  when  they  are 
too  low  to  dram  into  the  sewer,  For  such  places  a  box  or  barrel  is  sunk  so  that 
all  of  the  water  will  run  into  it,  and  the  drainer  is  set  in  this  receiver  and  the  dis- 
charge-pipe mo  to  a  sink  or  open  drain.  The  drainer  performs  its  functions  by 
passing  water  or  9team  under  pressure  through  the  drainer-point  or  jet,  thus 
creating  a  suction  which  draws  the  water  from  the  receiver  in  which  it  is  placed 
mto  the  discharge-pipe,  and  both  the  jet-water  and  cellar-water  are  discharged 

*  Manufactured  by  Jas.  B.  Gow  &  Sons. 
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together.  As  long  as  the  city  mLter  or  steam  passes  through  the  drainer-pip^, 
this  suction  and  discharge  continues.  The  supply  of  water  or  steam  b  turned 
on  or  o£f  automatically,  so  that  there  is  no  consumption  oi  dty  water  or  steam 
except  when  the  drainer  is  removing  water.  This  drainer  wilt  operate  with  a 
pressure  of  15  lb  or  more,  the  heavier  the  pressure  the  greater  the  amount  of 
dead  water  discharged.  When  the  drainage-water  does  not  have  to  be  raised 
more  than  10  ft,  this  is  the  most  economical  apparatus  that  can  be  used,  as  the 
amount  of  dty  water  consumed  Is  very  small.  The  Clunax  Drainer  is  made  in 
six  sizes,  costing  from  $35  to  |x6o. 

Sewage-Bjectment.  Mechanical  ejectment  of  sewage  is  resorted  to  in  cases 
where  the  street-sewer  is  above  the  level  of  the  area  to  be  drained.  This  con- 
dition is  found  principally  in  the  subbasement-floors  of  tall  buildings,  mider- 
ground  public-comfort  stations  and  underground  passenger-stations.  A  system 
of  mechanical  ejectment  consists  of  a  gravity  drainage-system  to  a  receiving 
tank  or  sump  located  in  a  water-tight  pit  at  the  lowest  part  of  the  drainage- 
system,  and  a  pump  or  conpressed-air  ejector  to  raise  the  sewage  and  discharge 
it  into  the  street-sewer.  There  are  three  types  of  apparatus  used  to  raise  sew- 
age to  the  street  sewers,  centrifugal  pumps,  piston-pumps,  and  compressed-air 
ejectors.  The  compressed-air  ejectors,  however,  are  commonly  used  owing  to 
their  nmnerous  advantages.  They  are  automatic  and  ahnost  noiseless  in  opera- 
tion, are  perfectly  odorless,  and  have  but  few  working  parts  that  can  get  out 
of  order.  Sewage-ejectment  apparatus  is  generally  installed  in  duplicate  so 
'  that  one  set  may  be  cut  out  of  service  for  cleaning  or  repairs,  without  inter- 
rupting the  drainage-service. 

Plnnge-Batha 

Am  Exauple  of  the  Construction  and  Details  or  a  Small  Plunge- 
Bath  or  Swimxing-Baih.  The  following  is  a  description,  with  illustrations, 
of  the  bath  in  the  house  of  the  Racquet  and  Tennis  Club  00  Forty-thixd  Street, 
New  York  City.* 

"The  swimming-bath  has  inside  dimensions  of  15* by  23  ft  and  is  about  9  ft 
in  total  depth.  It  was  built  in  a  pit  about  19  by  a6  ft  and  about  8  ft  deep  bdow 
the  main  excavation,  which  was  blasted  out  of  solid  rock.  A  concrete  invert 
I  ft  or  more  in  thickness  was  laid  over  the  bottom,  serving  as  a  footing  on 
which  the  x2-in  walls  of  common  red  brick  were  laid  in  cement.  Tb^  were 
built  close  to  the  rough  vertical  faces  of  the  excavation,  and  the  spaces  behind 
them  were  filled  with  concrete  or  cement  mortar  or  were  flushed  with  grout 
Then  on  the  inner  surface  of  the  walls  and  on  top  of  the  concrete  bottom  lining 
a  waterproofing  of  six  layers  of  felt  with  lapped  joints  was  mopped  on  with  hot 
tar  and  flashed  around  the  iron  outlet-pipe,  which  also  had  a  wide  calked  lead 
flange  extending  between  the  layers  of  felt.  On  the  bottom  of  this  water-proof 
coat  an  8-in  inverted  segmental  flat  floor-arch  of  common  brick  was  laid,  and  on 
its  skewbacks  4-in  vertical  brick  walls  were  built  against  the  water-proofed  sides. 
The  bottom  was  then  lined  with  vitrified  white  tHe  and  the  sides  were  faced  with 
English  white  enameled  brick.  The  tops  of  the  walls  were  coped  with  beveled 
and  molded  white-marble  slabs  which  are  about  2  ft  above  the  floor-level  and 
are  surmounted  at  one  side  and  one  end  by  a  low  heavy  rail  with  twisted  orna- 
mental posts,  all  of  brass.  A  similar  horizontal  hand-rail  b  caurried  ak>ng  the 
inside  wall  of  the  bath  just  above  water-level  and  a  curved  brass  hand-rafl  is 
fastened  to  the  wall  above  the  narrow  brick-and-marble  stairs  at  one  end.    The 

*  The  iUustntioiis  and  tcoompsnying  dcacriptknis  are  taken  by  penaiaaioa  from  the 
Engineering  Record  of  Nov.  3, 1900. 
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swimming-bath  oocupio  one  comer  of  the  room  and  its  elevated  marble  plat- 
form extends  entirely  across  it,  forming  a  diving-platform  which  is  reached  by 
two  marble  steps.  All  the  water-supply  is  filtered  and  it  can  be  warmed  by  in- 
jecting steam  into  the  deliveiy-pipe  at  the  filter.  The  water  enters  through  the 
open  upturned  end  of  a  2-in  brass  pipe  projecting  a  foot  or  more  through  the 
wall  above  the  top  of  the  bath  and  ddivering  a  soHd  jet  unless  it  is  reduced  by 
the  regulating  valve  or  is  formed  into  a  fan-shaped  cascade  by  means  of  a 


CROSS-SECTION 


ELEVATION 
Fig.  18.    Plunge-bath 


i 


special  nozzle  which  can  be  screwed  in  the  open  end  of  the  pipe.  When  the 
bath  B  much  used  a  small  stream  of  water  is  constantly  admitted  and  causes 
a  continual  gentle  circulation  and  corresponding  overflow,  and  the  entire  con- 
tents are  pumped  out  and  the  bath  cleaned  every  two  or  three  days.  There 
are  two  overflows,  an  open  one  about  8  ft  above  the  bottom  and  a  valved  one 
a  foot  bwer.  C.  L.  W.  Eidlitz  was  the  architect  of  the  house  and  the  water- 
proofing was  done  by  the  T.  New  Construction  Company. " 

Symbols  for  Plumbing.    Figs.  14,  15  and  16  show  the  symbols  suggested 
in  "  Plumbing-Plans  and  Specifications  "  for  designating  plumbing-work  on  plans 
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and  deUiliy  and  gcMraUy  accepted  for  the  pufpoie.  It  ii  Just  as  neoeuuy 
to  have  conventional  tymboU  to  indicate  plumbing*work  and  liitutet,  aa  H  is 
to  have  symbols  to  show-windows,  doon,  txept,  tuurtltions  and  other  etrac- 
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Itg.  14.    $ymbQh  f»  Fhmbii^-pipaB  and  V«h«i 


tural  details  on  architectural  drawings.  Before  these  symbols  became  gencnftr 
used  there  was  no  uniformity  in  the  drawing  of  plumbin«-plan%  ami  tUi  teJt 
of  BUndards  often  led  to  serious  confusioii.    For  instance,  if 
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different  offices  were  examined,  the  chances  were  that  on  no  two  of  them  would 
the  symbols  have  been  alike.    Further,  plans  prepared  in  the  same  office  at 
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ftg.  16.    Mlacellaaeous  Plumbing-symbols 


Symbol  for 
hot- water  tank 


Cerent  times,  or  one  set  of  plans  on  which  several  different  draughtsmen  had 
forked,  would  often  show  as  many  different  symbols  for  a  water-closet  or  lava- 
tory IS  there  were  worb&ea  engaged  on  the  drawings.    That  was  nitber  coo- 
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fusing  to  plumbers  who  had  to  take  off  quantities  from  the  plans;  for.  often 
the  symbols  were  so  strange  and  bore  so  little  resemblance  to  the  &ctures  or 
apparatus  that  some  of  them  were  liable  to  be  overlooked.    It  is  owing  to  this 
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Fig.  16.    Symbols  for  Plumbing-fiztiues 
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uncertainty  wherever  it  exists  from  this  cause,  that  there  is  a  wide  range  J 
prices  in  the  bids  submitted,  and  all  of  them  are  unreasonably  high  for  thr 
amount  of  work  to  be  done.  To  avoid  confusion  and  secure  good  prices,  thr« 
'^andard  s3rmbols  should  be  used. 
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BzpAiition  of  Soil  and  Waste-Stacks.  In  tall  buildings,  provisbn  should 
be  made  in  the  soil-stacks  and  connections  to  take  care  of  the  expansion,  oon* 
traction,  settlements,  swaying  and  other  movements  of  the  building.  This 
movement  is  no  inconsiderable  amount,  in  some  localities  the  settlement  alone 
amounting  to  as  much  as^  in  when  the  foundations  are  not  carried  to  bed*rock. 
In  Chicago,  for  instance,  most  of  the  sky-scrapers  which  were  built  oo  com- 
pressible foundation-beds  are  out  of  plumb  and  lean  far  out  over  the  plumb- 
line.  One  building  in  particular  leaned  so  that  the  top  was  30  in  outside  of 
the  line  of  the  foundation.  Most  of  the  earlier  heavy  buildings  there  erected 
on  "floating  foundations"  are  carried  on  jacks,  and  periodically  jacked  up  as 
settlement  occurs.  When  the  building  finally  comes  to  rest,  the  jacks  are 
removed  and  the  walls  filled  in  with  masonry.  The  settlement  wUch  takes 
place  will  range  in  such  buildings  from  3  to  5  in.  These  various  move- 
ments, expansion,  contraction,  settlement,  racking  out  of  plumb,  also  sway- 
ing of  high  buildings  as  they  follow  the  sun  in  its  course  from  East  to 
West,  will  prove  destructive  to  steam-pipes  and  plumbing-pipes  if  provision 
is  not  made  to  take  care  of  them.  Steam-pipes  always  have  expansion-loops, 
but  it  b  only  recently  that  the  proper  attention  has  been  given  to  soil  and 
vent-stacks    and    pipes;    and 

then  only  after  as  many  as     H     H        Ff/^      f^\    ill  IIP    B 
150  water-closets  in  one  build- 
ing were  broken  through  faulty 
installation,  or  rigid  connec- 
tions.    The  remedy  is  to  put                             

expansion-joints   (Fig.   17)  in      Normal  Bent  Collapsed      Strotohed 

the   SOU   and   vent-stacks    of  ^«-  ^7'    Exp«»sion.,ouiU 

tall  buildings,  and  to  connect  all  water-closets  to  the  soil-pipes  by  means 
of  flexible  or  collapsible  connections  which  will  stretch,  collapse,  or  stretch  on 
one  side,  and  collapse  on  the  other,  according  to  the  stress  to  which  they  ars 
subjected.  These  flexible  fittings  should  be  placed  as  close  to  the  closets  as 
possible,  and  should  be  used  also  in  connection  with  slop-sinks  and  inside  rain- 
leaders.  For  inside  rain-leaders  the  number  of  corrugations  can  be  increased 
in  proportion  to  the  height  of  the  building.  Ordinary  stock  fittings  have  a 
range  of  about  3  in.  That  is,  they  will  stretch  about  i  in  and  collapse  i  in. 
For  rain-leaders  in  tall  buildings,  however,  greater  range  than  that  is  desirable. 
Two  corrugations  would  be  suflScient  for  a  rain-leader  in  an  ordinary  building 
not  over  xoo  ft  in  height;  then,  for  taller  buildings,  it  is  well  to  allow  an  extra 
corrugation  for  each  additional  100  ft  or  fraction  thereof.  The  flexibility  of 
these  fittings  can  be  seen  in  the  accompanying  illustrations  of  Fig.  17. 

Shrinkage  in  Buildings.  Ninety-seven  per  cent  of  buildings  erected  have 
wooden  floor-construction,  and  the  floor-joists,  when  they  dry  out,  shrink. 
This  is  the  cause  of  many  thousands  of  closets  being  broken  annually,  and  the 
destroying  of  the  seal  at  the  closet-connection  of  those  which  are  not  broken, 
unless  they  are  provided  with  a  flexible  floor-flange  or  fitting.  The  amount 
of  shrinkage  of  floor-beams  of  different  depths,  can  be  found  in  the  following 
table,  compiled  from  information  furnished  by  the  United  States  Government, 
Department  of  Agriculture,  Division  of  Forestry,  in  Bulletin  No.  10.  Besides 
the  shrinkage  of  the  individual  tiers  of  joists,  there  is  the  multiple  shrink- 
age of  all  the  tiers  when  bearing-partitions,  supporting  the  joists  at  the 
middle  in  a  building,  rest  on  sills  at  each  floor  which  are  laid  on  top  of 
the  joists,  instead  of  extending  down  through  to  the  plate  which  supports  the 
tier  of  joists.  When  the  framing  is  properly  done,  there  is  only  the  shrinkage 
of  the  one  tier  of  beams  to  take  into  consideration.    When  improperly  fnunedt 
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there  might  be  three  or  four  shrinkages  a£fectuig  the  top  floor  of  the  building. 
Even  though  the  timbers  are  dry  and  seasoned  when  put  in,  by  the  time  the 
plasterers  are  through  the  joists  are  wet  and  swollen  from  the  moisture  in  the 
plaster  and  from  the  rain  which  saturates  the  timbers  before  the  building  is  en- 
closed. It  is  safe  to  assume,  therefore,  that  a  la-in  joist  will  shrink  almost  H 
in,  and  an  z8-in  joist  about  H  in. 


Table  of  Shrinkage  of  Timbers 


Depth  of  green 

Amount  lost  by 

Depth  of  timber 
when  dry,  in 

or  wet  timber, 
in 

shrinkage,  4%, 
in 

6 

o.a4 

S.76   . 

8 

0.3a 

7.68 

10 

0.40 

9.60 

la 

0.48 

11. sa 

14 

o.s^ 

13.44 

i6 

0.64 

IS.36 

I8 

0.7a 

17.38 

ao 

0.80 

19.  ao 

Floor-Connections  for  Water-Closata.  No  water-closet  can  be  considered 
aanitaiy  which  depends  upon  a  putty-joint,  slip-joint,  rigid-gasket  joint  or 
rigid  connection  of  any  kind  for  a  seal.  Improved  metal-to-metal  floor-flanges 
now  cost  no  more  than  rigid-gasket  joints  formerly  did,  and  they  are  flexible, 
water-tight,  will  remain  permanently  tight,  and  protect  the  closets  from  being 
broken  by  shrinkage  or  other  movement  of  the  building  or  piping.  The  only 
way  to  get  a  peHectly  sanitary  water-closet  is  to  specify  a  flexible,  metal-to- 
metal,  closet  floor-flange  with  it. 

Bzpansion  of  Hot- Water  Pipes.  In  all  tall  buildings  expanaon-Ioops 
ought  to  be  placed  in  both  the  hot-water  and  the  circulation-pipes,  to  permit 
the  expansion  and  contraction  of  the  lines  without  injury  to  the  system.  These 
loops  are  usually  from  6  to  8  ft  long,  made  up  with  elbows,  and  extend  into  the 
floor  of  the  building.  Generally  the  hot-water  and  circulation-pipes  are  sup- 
ported midway  between  loops  so  that  they  can  expand  both  up  and  down.  The 
length  that  water-pipes  will  expand  depends  upon  the  degree  to  which  they  are 
heated,  and  the  materials  of  which  the  pipes  are  made.  The  first  of,  the  follow- 
ing three  tables  gives  the  expansion  of  cast-iron  pipes,  the  second  the  expansion 
of  wrought-iron  pipes,  and  the  third  the  expansion  of  brass  pipes. 


Expansion  of  Cast-iron  Pipes 


Temper- 
ature of  air 
when  pipe 

is  fitted, 
degrees  F. 

Length  of 

pipe  >vhen 

fitted. 

ft 

Length  of  pipe  when  heated  to 

215*  P. 
ft         in 

265*  P. 

ft         in 

297*  P. 
ft         in 

338* P.        1 

ft         in      1 

0 
3a 
64 

100 
100 
100 

TOO      I.S9 
100      1.36 
100     i.ia 

100      1.96 
100      1.6s 
100      1.43 

100     a.ao 
100     1.96 
100     1.73 

100     a. 50 
100     a.  37 
100     a. 00 
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Temper- 
ature of  air 
when  pipe 

is  fitted, 
degrees  P. 

Length  of 

Length  of  pipe  when  heated  to 

fitted, 
ft 

215*  p. 

ft         in 

a6s*P. 
ft         in 

a97*P. 
ft        in 

338*  P. 
ft         in 

0 
33 
64 

xoo 
xoo 
xoo 

xoo     1.7a 
xoo     X.47 
xoo     x.ax 

xoo     a.ax 
xoo     1.78 
xoo     x.6x 

ICO     a.31 
xoo     a.ia 
xoo     X.87 

xoo     a.  70 
100     a. 45 
100     3.19 

Bzpftnsion  of  Bnat  Pipe 

Temper- 
ature of  air 
when  pipe 

is  fitted, 
degrees  P. 

Length  of 

pipe  when 

fitted. 

ft 

Length  of  pipe  when  heated  to 

ai5'  P. 
ft         in 

36s- P. 
ft        in 

297- P. 
ft         in 

338- P. 
ft         in 

0 
32 
64 

xoo 

100 

xoo 

100     a. 58 
xoo     a. 19 
xoo     x.8x 

xoo     3.18 
100     a.  79 
xoo     a. 41 

100     3.56 
xoo     3.X8 
100     a. 79 

100     4.0s 
XOO     3.67 
100     3.a8 

Softening  Hard  Water  for  Domestic  Use.  In  many  parts  of  the  country 
the  water  is  tei£Porasily  bakd,  permanently  hard  or  both  temporarily 
AND  PERMANENTLY  HARD.  This  IS  due  to  the  fact  that  in  those  regions  the 
tmderlying  rock  is  limestone,  and  in  percolating  through  the  limestone  the 
water,  which  originally  was  soft,  dissolves  carbonates  and  sulphates  of  lime  or 
magnesia  from  the  rode.  The  solvent  capacity  of  water  for  lime  and  magnesia 
IS  greater  when  the  water  is  cold  than  when  it  is  hot.  Therefore,  deep-well 
water  in  limestone-regions  is  usually  saturated  with  lime  or  magnesia,  and  when 
heated  in  water-tanks  or  boilers  the  point  of  saturation  is  lowered  and  lime  is 
precipitated  or  liberated  in  the  form  of  hard  scale  or  incrustation.  The  effect 
of  boiler-incrustation  is  to  shorten  the  life  of  the  boiler  and  decrease  the  efficiency 
of  the  boiler  while  in  use.    It  is  estimated  that: 

He-in  lime-scale  means  a  loss  of  13%  of  fuel. 
H-In  lime-scale  means  a  loss  of  22%  of  fuel. 
H-in  lime-scale  means  a  loss  of  38%  of  fuel. 
H-in  lime-scale  means  a  loss  of  50%  of  fuel 
H-in  Hme-scale  means  a  loss  of  60%  of  fuel. 
H-in  lime-scale  means  a  loss  of  91%  of  fuel. 

These  values  are  probably  a  little  high,  but  making  due  allowance,  the  table 
will  serve  to  show  the  loss  due  to  the  use  of  hard  water.  In  the  laundry  the 
increased  consumption  of  soap  to  soften  hard  water  is  a  further  item  of  expense. 
It  requires  about  x  lb  of  soap  to  soften  100  gal  of  moderately-hard  water, 
besides  the  soap  required  for  washing  after  the  water  has  been  softened. 
Besides  the  expense,  hard  water  forms  an  insoluble  curd  when  washing  which 
makes  it  particularly  annoying  to  hotel-guests;  therefore,  it  is  advisable  to 
treat  all  hard  water  for  large  hotel-buiMings,  laundries  and  for  many  indus- 
trial purposes.  Permanently  hard  waters  contain  sulphates  of  lime  or  mag- 
nesia.    Temporarily  hard  waters  contain   carbonates  ol  lime^or  magnesia. 
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Temporarily  and  permanently  hard  waters  contain  both  carbonates  and 
sulphates  of  lime  or  magnesia.  Temporarily  hard  waters  are  softened  by 
adding  lime-water  to  the  raw  water  to  remove  the  carbonates  of  lime.  This 
is  known  as  the  Clahk  Process.  Permanently  hard  waters  are  softened 
by  the  Porter  Process,  which  consists  of  adding  soda-ash  to  the  raw  water. 
Stock  types  of  apparatus  are  manufactured  for  this  purpose,  and  may  be  had 
with  capacities  of  any  required  amount. 

Heating  Water  with  Steam-Coils.  The  folbwmg  constants  will  be  found 
convenient  for  proportioning  steam-coils  for  heating  water: 

W  -•  gallons  of  water  to  be  heated. 

IT  -I-  lo  B  sq  ft  of  iron  pipe-coil  required  for  exhaust-steam. 

ff  4- 15  »  sq  ft  of  copper  pipe-coil  required  for  exhaust-^team. 

W  X  0.07  B  sq  ft  of  iron  pipe-coil  for  5  lb  pressure-steam. 

W  X  0.045  -  sq  f t  of  copper  pipe-coil  for  5  lb  pressure>steam. 

W  X  0.05  >-  sq  f t  of  iron  pipe-coil  for  25  lb  steam-pressure. 

W  X  0.035  "-  sq  ft  of  copper  pipe-coil  for  35  lb  steam-pressure. 

W  X  0.04  ">  sq  ft  of  iron  pipe-coil  for  50  lb  steam-pressure. 

W  X  0.2s  "  sq  it  ol  copper  pipe-coil  required  for  50  lb  steam-pressure. 

W  X  0.03  •  sq  f t  of  iron  pipe-coil  required  for  75  lb  steam-pressure. 

W  X  0.03  -  sq  f t  of  copper  {upe-coil  required  for  75  lb  steam-pressure. 

Capacity  of  Water-Backs.  The  average  size  of  water-back  having  about 
1 10  sq  in,  or  about  H  sq  ft  of  exposed  surface,  will  heat  to  the  ordinary  temper- 
ature of  domestic  hot  water,  180°  F.,  about  21  gal  of  water  an  hour.  It  wiU 
heat  about  17  gal  of  water  to  the  boiling-point  with  an  ordinary  fire.  With  a 
dre  such  as  is  used  for  roasting,  washing,  or  baking,  a  water-back  of  this  same  size 
will  heat  about  23  gal  of  water  to  the  boiling-point,  or  27  gal  to  a  temperature 
of  180°  F.  Wrought-iron  pipe  heating-coils  will  heat  from  30  to  40  gal  of  water 
under  the  same  conditions,  and  copper  pipes  will  heat  from  45  to  60  gal  per  hour 
for  each  square  foot  of  surface  exposed  to  the  fire.  In  calculating  the  beating 
capacity  of  water-backs  or  coils,  the  average  temperature  of  the  water  is  taken. 
Thus,  if  water  at  60*  is  heated  to  200**  F.,  the  average  temperature  of  the  water 
would  be  (6o-f  200)  -f  2  =»  130°  F.,  and  the  range  of  temperature  through  which 
it  is  heated  would  be  200  -  60  -  140*  F. 

Value  of  Pipe-Covering.  Hot-water  pipes  and  hot-water  tanks  when 
uncovered  lose  by  radiation  from  their  surface  about  13  heat-units  per  minute 
per  square  foot  of  surface.  To  prevent  this  loss  of  heat  and  consequent  extra 
consumption  of  coal,  hot-water  pipes,  circulation-pipes  and  hot-water  tanks  in 
larRc  institutions  are  generally  covered  with  some  non-heat-conducting  material. 
The  value  of  pipe-covering  is  not  proportional  to  its  thickness.  Sectional  pipe 
coverings  average  about  iH  in  in  thickness  and  reduce  the  loss  by  radiation 
about  90%.  Doubling  the  thickness  of  pipe-covering  saves  only  about  another 
5%  of  heat-loss.  In  specifying  covering  for  pipes  and  boilers,  therefore,  a  thick- 
ness of  I H  in  will  be  sufficient.  Carbonate  of  magnesia  is  a  very  poor  conductor 
of  heat.  Therefore,  it  is  a  good  material  for  covering  hot-water  pipes.  Carbon- 
ate of  lime,  on  the  other  hand,  is  not  a  good  covering  material,  although  it 
often  masquerades  as  carbonate  of  magnesia.  When  magnesia  pipe-covering  is 
specified,  therefore,  it  is  well  to  require  a  composition  containing  from  80  to  90% 
of  magnesia,  and  require  a  test  to  be  made  at- the  expense  of  the  contractor,  but 
by  a  chemist  named  by  the  architect.  The  following  coverings  are  the  best 
materials  for  hot-water  pipes,  in  the  order  in  which  they  are  named.  Nonparol 
Cork,  Magnesia,  Asbestos  Air-Cell  and  Imperial  Asbestos^ 
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Varieties  of  Gas.  Five  varieties  of  gas  are  now  commonly  used  for  light* 
ing  and  cooking,  namely: 

(i)  Cosl-Gas,  which  is  made  by  heating  bituminous  coal  in  air-tight  retorts. 
This  is  the  most  conmion  variety  of  gas  furnished  for  the  lighting  of  dties  and 
towns. 

(a)  Water-Gas,  which  is  made  usually  from  anthracite  coal  and  steam,  and 
is  quite  extensively  used  in  Eastern  cities.  Gas  made  by  this  process  contains 
less  carbon  than  good  coal-gas,  and  consequently  does  not  give  as  bright  a  light, 
although  it  bums  perfectly  in  heating-burners.  When  used  for  lighting  purposes 
it  k  enriched  in  carbon  by  vaporizing  a  quantity  of  petroleum  by  heat  and  in- 
jecting it  into  the  hot  gas  before  it  leaves  the  generator.  Pure  water-gas  is 
lighter  and  has  less  odor  than  coal-gas. 

(3)  Natunl  Gas  is  obtained  from  holes  or  wells  which  are  drilled  in  the  ground. 
In  localities  where  it  can  be  obtained  it  furnishes  cheap  light  and  fuel.  The 
natural  gas  obtained  in  the  hard-coal  regions  develops  more  heat  per  cubic  foot  in 
burning  than  any  other  kind  of  gas  except  acetylene.  Natural  gas  is  usually  under 
greater  pressure  in  the  street-mains  and  house-pipes  than  manufactured  gas. 

(4)  AcetTlane-Gas.  Used  almost  exclusively  for  the  lighting  of  isolated 
buildings,  or  for  public  buildings  in  towns  or  cities  where  there  is  no  public  gas- 
supply,  and  conmionly  generated  on  the  premises.  It  is  formed  by  bringing 
water  and  caldum  carbide  in  contact.  Calcium  carbide  is  produced  by  the 
electrical  fusion  of  coke  and  lime.  It  is  now  a  commercial  article  produced  in 
large  quantities  and  sold  at  a  moderate  price.  It  is  a  very  hard  substance  like 
dark  granite,  has  a  very  slight  odor,  will  not  bum  or  explode,  and  can  be  handled 
in  any  quantity  with  perfect  safety.  The  fact  that  carbide  begins  to  disintegrate 
and  give  off  acetylene  at  the  slightest  touch  of  moisture  makes  it  practicable  to 
generate  the  gas  in  small  quantities  for  single  buildings. 

Plroeen  of  Oenenting  Acetylene-Gas.  The  satisfactory  production  of  acety- 
lene-gas requires  a  generator  which  shall  feed  carbide  of  suffident  size  and  weight 
to  be  plunged  a  suffident  depth  under  the  water  in  the  generator-chamber  to 
insure  coolness  and  proper  washing.  The  carbide-chamber  must  be  so  arranged 
and  protected  that  no  gas  can  retum  to  it  to  be  wasted  when  the  chamber  is 
refilled  and  permeate  the  house  with  its  smell.  It  must  feed  carbide  loosely 
and  in  veiy  small  quantities,  in  order  to  provide  for  periect  coolness  by  free 
access  of  water  to  all  of  the  carbide.  It  must  work  automatically  and  with 
absolute  certainty.  Acetylene-gas  to  be  pure  must  be  thoroughly  washed. 
Impure  acetylene,  as  with  any  other  illuminating-gas,  means  a  discoloration  of 
the  flame,  diminished  illuminating  power,  dogging  of  pipes  and  burners  with 
carbon  and  other  foreign  matter,  and  smoky  burners,  causing  blackening  of 
ceilings  and  tarnished  and  soiled  woodwork  and  upholstery.  It  is  now  gener- 
ally agreed  that  the  requirements  above  outlined  can  be  attained  only  by  a 
generator  of  the  plunger-type.  Portable  generators  which  nuiy  be  set  in  the 
cellar  or  basement  of  any  building  are  manufactured  in  great  variety;  it  is  esti- 
mated that  100  000  acetylene-gas  generators  are  now  in  use  in  the  United  States. 
They  are  made  in  sizes  of  5,  10,  15,  20  and  up  to  soo-lights  capadty.  In  all 
machbes  dropping  carbide  into  water  there  should  be  a  connection  open  from 
the  carbide-holding  receptacle  to  the  safety-vent  run  out  of  doors  from  the 
gasometer.  It  is  claimed  that  for  a  given  degree  of  illumination,  acetylene  is 
cheaper  than  dollar  gas.    A  large  residence  may  be  lighted  for  about  $2.50  a 

*  See,  also.  Lighting  and  Dhitnination  of  BoiUhigs,  page  Z35X* 
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month.  To  develop  the  full  illuminating  power  of  the  gas  it  is  necessazy  to 
use  a  burner-tip  bavmg  the  thinnest  sUt  obtainable,  the  illuminating  power  of 
the  gas  being  about  fifteen  times  that  of  ooal-gas,  for  the  same  coosumpCion. 
The  light  is  a  clear  white,  very  nearly  resembling  sunlight  in  color  and  dif- 
fusiveness, with  none  of  the  red  of  the  incandescent  Iamp»  the  orange  of  the 
ordinary  gas-flame,  or  the  green  tone  of  the  incandescent  mantle;  and  it  possesses 
the  quality,  unique  among  artificial  illuminants,  of  reproducing  even  the  most 
delicate  shades  of  color  as  faithfully  as  sunlight.  Even  when  used  with  mantle- 
burners,  as  it  may  be  with  great  economy,  acetylene-light  presents  a  strong  dis- 
similarity from  ordinaxy  gas  under  the  same  conditions.  Acetylene  corrodes 
silver  and  copper,  but  does  not  affect  brass,  iron,  lead,  tin,  or  rinc.  A  govern- 
ment specification  for  a  complete  apparatus  for  acetylene-gas  was  published  in 
Engineering  News  of  Feb.  4,  1904. 

(S)  Gmsolene-Oas  is  a  mixture  of  gasolene  vapor  with  air.  It  b  never  piped, 
but  is  generated  close  to  the  burner,  and  is  seldom  used  for  lighting  except  for 
street  stands,  and  the  like.  It  is  much  used  for  fuel,  however.  Gasolene 
changes  from  the  liquid  to  the  gaseous  form  under  ordinary  atmospheric  pressure, 
at  temperatures  above  40°  F.,  the  evaporation  being  very  slow  at  40**,  quite 
rapid  at  70°,  and  furious  at  212**.  If  a  tank  containing  liquid  gasolene  b  left 
open  to  the  air,  the  liquid  will  all  pass  away  in  the  form  of  gas.  If  a  match 
be  lighted  near  an  open  can  of  gasolene,  the  escaping  gas  at  once  takes  fire  and 
conmiunicates  the  fire  to  the  liquid,  causing  it  to  explode  with  great  violence. 
Although  generally  considered  dangerous,  it  is  only  so  when  carelessly  or 
ignorantly  handled.  To  produce  i  000  cu  ft  of  gas  of  good  quality  requires 
about  4>i  gal  of  the  best  grade  of  gasolene.  An  ordinaxy  burner  consumes 
about  s  cu  ft  per  hour. 

Piping  a  House  for  Gas^f 

General  Principles  and  Requirements.  Ordinary  wrought-iron  pipe,  such 
as  is  ased  for  steam  or  water,  b  suitable  and  proper  for  all  kinds  of  £>&. 
Galvanized  malleable-iron  fittings,  in  dbtinction  from  plain  iron,  are  very 
superior.  The  coating  of  zinc  inside  and  out  effectually  and  permanently 
covers,  all  blow-holes,  makes  the  work  solid  and  durable,  and  avoids  the  use 
of  perishable  cement.  Before  the  pipe  b  placed  in  position  it  should  be 
looked  and  blown  through.  It  b  not  infrequently  obstructed,  and  thb  pre- 
caution will  save  much  damage  and  annoyance.  What  b  known  as  gas-fitters' 
cement  never  should  be  used.  It  cracks  off  easily,  in  warm  places  it  will  melt« 
and  it  can  be  dissolved  by  several  different  kinds  of  gas.  Nothing  but  solid 
metab  b  admissible  for  confining  gas  of  any  kind.  When  pipes  under  floors 
run  across  floor-timbers,  the  latter  should  be  cut  into  near  their  ends,  or  whae 
supported  on  partitions,  and  not  near  the  middle  of  ^nns.  It  b  evident  that 
a  xo-in  timber  notched  2  in  in  the  middle  is  no  stronger  than  an  ft-in  timber. 
All  branch  outlet-pipes  should  be  taken  from  the  sides  or  tops  of  running  linss. 
Bracket-pipes  should  run  up  from  below,  and  not  drop  from  above.  Never  drop  a 
center  pipe  from  the  bottom  of  a  running  line.  Always  take  such  outlet  foom  the 
side  of  the  pipe.  The  whole  ^stem  of  piping  must  be  free  from  low  places  or 
traps,  and  decline  toward  the  main  rising  pipe,  which  should  run  up  in  a  partition 
as  near  the  center  of  the  building  as  is  practicable.  It  b  obvious  that  where  gas 
is  distributed  from  the  center  of  a  building,  smaller  running  lines  of  pipe  wlU  be 
needed  than  when  the  main  pipe  nms  up  on  one  end.    Hence,  timbers  will  not 

•  Circular  Issued  by  the  Gilbert  &  Barker  Manufacturing  Company, 
t  See,  also.  Lighting  and  Ulnmination  of  BuiMinga,  pages  2345  to  zjso. 
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require  as  deep  cutting,  and  the  flow  of  gas  will  be  more  regular  and  even.    For 
the  same  reason  in  large  buildings,  more  than  one  riser  may  be  advisable.'    When 
a  building  has  di£Ferent  heights  of  post,  it  is  always  better  to  have  an  in- 
dependent rising  pipe  for  each  height  of  post,  than  to  drop  a  system  of  piping, 
from  a  higher  to  a  lower  post,  or  to  grade  to  a  low  point  and  establish 
drip-pipes.    Drip-pipes  in  a  building  should  always  be  avoided.    The  whole 
S3rstem  of  piping  should  be  so  arranged  that  any  condensed  gas  will  flow  back 
through  the  system  and  into  the  service-pipe  in  the  ground.    All  outlet-pipes 
should  be  so  securely  and  rigidly  fastened  in  position  that  there  will  be  no  possi- 
bility of  their  moving  when  the  gas-fixtures  are  attached.    Center  pipes  should 
rest  on  a  solid,  support  fastened  to  the  floor-timbers  near  their  tops.    The  pipe 
should  be  securely  fastened  to  the  support  to  prevent  lateral  movement.    The 
drop-pipe  must  be  perfectly  plumb,  and  pass  through  a  guide  fastened  near  the 
bottom  of  the  timbers,  which  will  keep  them  in  position  despite  the  assault 
of  lathers,  masons  and  others.    In  the  absence  of  express  directions  to  the 
contrary,  outlets  for  brackets  should  generally  be  5  ft  6  in  high  from  the  floor, 
except  that  it  is  usual  to  put  them  6  ft  high  in  halls  and  bath-rooms.    The  upright 
pipes  should  be  plumb,  so  that  the  nipples  that  project  through  the  walls  will  be 
level.    The  nipples  should  project  not  more  than  H  in  from  the  face  of  the 
plastering.    Laths  and  plaster  together  'are  usually  94  in  thick;    hence  the 
nipples  should  project  iH  in  from  the  face  of  the  studding.    Drop  center  pipes 
should  project  iVi  in  below  the  furring,  or  timbers  if  there  is  no  furring,  .where 
it  is  known  that  there  will  be  no  stucco  or  centerpieces  used.    Where  center- 
pieces are  to  be  used,  or  where  there  is  a  doubt  whether  they  will  be  or  not, 
then  the  drop-pipes  should  be  left  about  a  foot  below  the  furring.    All  pipes 
being^properly  fastened,  the  drop-pipe  can  be  safely  taken  out  and  cut  to  the 
right  length  when  gas-fixtures  are  put  on.    Gas-pipes  should  never  be  placed  on 
the  bottoms  of  floor-timbers  that  are  to  be  lathed  and  plastered,  because  they 
are  inaccessible  in  the  contingency  of  leakage,  or  when  alterations  are  desired, 
and  gas-fixtures  are  insecure.    The  whole  system  of  piping  should  be  proved  to 
be  air  and  gas-tight  under  a  pressure  of  air  that  will  raise  a  column  of  mercury 
6  in  high  in  a  glass  tube.    The  pipes  are  dther  tight  or  they  leak.    There  is  no 
middle  ground.    If  they  are  tight  the  mercury  will  not  fall  a  particle.    A  piece 
of  paper  should  be  pasted  on  the  glass  tube,  even  with  the  mercury,  to  mark  its 
height  while  the  pressure  is  on.    The  system  of  piping  should  remain  under 
test  for  at  least  a  half-hour.    It  should  be  the  duty  of  the  person  in  charge  of 
the  construction  of  the  building  \6  thoroughly  inspect  the  system  of  gas-fitting; 
surely  as  much  so  as  to  inspect  any  other  part  of  the  building.    He  should  know 
from  personal  observation  that  the  specifications  are  complied  with.    After 
being  satisfied  that  the  mercury  does  not  fall  he  should  cause  caps  on  the  out- 
lets to  be  loosened  in  different  parts  of  the  building,  first  loosening  one  to  let 
some  air  escape,  at  the  same  time  observing  if  the  mercury  falls,  then  tightening 
it  and  repeating  the  operation  at  other  points.    This  plan  will  prove  whether  the 
pipes  ar«  free  from  obstruction  or  not.    When  he  is  satisfied  that  the  whole 
work  is  properly  and  perfectly  executed,  he  shouki  give  the  gas-fitter  a  certificate 
to  that  effect. 

The  following  requirements  from  specifications  published  by  the  Denver  Gas 
and  £lectric  Company  are  worthy  of  attention.  Always  use  fittings  in  making 
turns;  do  not  bend  pipe.  Do  not  use  unions  in  concealed  work;  use  long  screws 
or  right-and-left  couplings.  Long  runs  of  approximately  horizontal  [dpe  must 
be  firmly  supported  at  short  intervab  to  prevent  sagging. 
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Rules  and  Table  for  Proportioning  Sizes  of  House-Pipes  for  Gas^t 

Rules  Governing  Sizes  of  Gas-Pipes.  The  table  on  page  1349  ^  based 
on  the  well-known  formula  for  the  flow  of  gas  through  pipes.  The  friction, 
and  therefore  the  pressure  necessary  to  overcome  the  friction,  increases  with 
the  quantity  of  gas  that  goes  throxigh,  and  as  the  aim  of  the  table  is  to  have 
the  loss  in  pressure  not  exceed  Ho  in  water-pressure  in  30  ft  the  size  of  the  pipe 
increases  in  going  from  an  extremity  toward  the  meter,  as  each  section  has  an 
increasing  number  of  outlets  to  supply.  The  quantity  of  gas  the  piping  may 
be  called  on  to  pass  through  is  stated  in  terms  of  H-in  outlets,  instead  of 
cubic  feet,  outlets  being  used  as  a  unit  instead  of  burners,  because  at  the 
time  of  first  inspection  the  number  of  burners  may  not  be  definitely  determined. 
In  making  the  table,  each  H-in  outlet  was  assumed  to  require  a  supply  of  10 
cu  f t  per  hour.    In  using  the  table  observe  the  foUovnng  niles:  t 

(t)  No  house-riser  shall  be  less  than  H  in.  The  house-riser  is  considered  to 
extend  from  the  cellar  to  the  ceiling  of  the  first  story.  Above  the  ceiling  the 
pipe  must  be  extended  of  the  same  size  as  the  riser,  until  the  first  branch  line  is 
taken  oflf. 

(3)  No  house-pipe  shall  be  less  than  H  in.  An  extension  to  existing  piping 
may  be  made  of  H-in  pipe  to  supply  not  more  than  one  outlet,  provided  said 
pipe  is  not  over  6  ft  long. 

(3)  No  gas-range  shall  be  connected  with  a  smaller  pipe  than  H  in. 

(4)  In  figuring  out  the  size  of  pipe,  always  start  at  the  extremities  of  the 
system,  and  work  towaro  the  meter. 

(5)  In  using  the  table,  the  lengths  of  pipe  to  be  used  in  each  case  are  the 
lengths  measured  from  one  branch  or  point  of  juncture  to  another,  disregarding 
elbows  or  turns.  Such  lengths  will  be  hereafter  spoken  of  as  sections.  No 
change  in  size  of  pipe  may  be  made  except  at  branches  or  outlets,  each  section 
therefore  being  made  of  but  one  size  of  pipe. 

(6)  If  any  outlet  is  larger  than  H  in  it  must  be  counted  as  more  than  one,  in 
accordance  with  the  schedule  below: 

Size  of  outlet,  inches H     H    x    iH   iH     a    2H     3       4 

Value  in  table 2      4      7     11     16    28    44    64     112 

(7)  If  the  exact  number  of  outlets  given  cannot  be  found  in  the  table,  take 
the  next  larger  number. 

(8)  If,  for  the  number  of  outlets  given,  the  exact  length  of  the  section  which 
feeds  these  outlets  cannot  be  found  in  the  table,  the  next  larger  length,  corre- 
sponding to  the  outlets  given,  must  be  taken  to  determine  the  size  of  pipe  re- 
quired. Thus,  if  there  are  eight  outlets  to  be  fed  through  55  ft  of  pipe,  the  length 
next  larger  than  55  in  the  eight-outlet  line  in  the  table  is  100,  and  as  this  is  in 
the  I  H-in  column,  that  size  pipe  would  be  required. 

(9)  For  any  given  number  of  outlets,  do  not  use  a  smaller  size  pipe  than  the 
smallest  size  that  contains  a  figure  in  the  table  for  that  number  of  outlets. 
Thus,  to  feed  15  outlets,  no  smaller  size  pipe  than  i  in  may  be  used,  no  matter 
how  short  the  section  may  be. 

(xo)  In  any  piping-plan,  in  any  continuous  run  from  an  extremity  to  tbe 
meter,  there  may  not  be  used  a  longer  Icagth  of  any  size  pipe  than  found  in  the 
table  for  that  size,  as  50  ft  for  H  in,  70  ft  for  i  in,  etc.  If  any  one  section  would 
exceed  the  limit  length,  it  must  be  nuide  of  larger  jupe.    Thus,  6  outlets  couM 

*  The  Denver  Gas  and  Electric  Company. 

t  See,  also.  Lighting  and  Illumination  of  Buildings,  pages  X345  to  Z35o> 
t  With  the  exception  of  typographical  changes  made  to  confonn  to  the  raft  of  the 
baae.  these  niks  are  quoted  Utcnlly.    EditoT'^-chief. 
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Len^tlis  of 


Lengths  of  pipes  in  feet 

Number 
ofH-in 
outlets 

H-in 

y^in 

H'in 

i-in 

iM-in  I 

H-in 

2-in 

2H-in 

3-in 

4-in 

pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

pipe 

20 

30 

so 

70 

100 

ISO 

200 

300 

400 

€00 

27 

so 

70 

100 

ISO 

200 

300 

400 

600 

.... 

12 

SO 

70 

100 

150 

200 

300 

400 

600 



so 

70 

100 

ISO 

200 

300 

400 

600 

.... 

33 

70 

100 

ISO 

200 

300 

400 

600 

'.'..'. 

24 

70 

100 

ISO 

200 

300 

400 

600 

'.. . . 

x8 

70 

100 

ISO 

200 

300 

400 

600 

.... 

.... 

13 

SO 

100 

ISO 

200 

300 

400 

600 

.... 

.... 

44 

100 

ISO 

200 

300 

400 

€00 

lO 

.... 

3S 

xoo 

ISO 

200 

300 

400 

600 

ZI 

30 

90 

ISO 

200 

300 

400 

600 

u 

■  • . . 

.... 

25 

75 

ISO 

200 

300 

400 

600 

13 

21 

60 

ISO 

200 

300 

400 

600 

14 

x8 

53 

130 

200 

300 

400 

600 

IS 

16 

45 

115 

200 

300 

400 

600 

l6 

.... 

14 

41 

100 

200 

300 

400 

600 

17 

.... 

.... 

12 

36 

90 

200 

300 

400 

600 

z8 

.... 

.... 

.... 

32 

80 

200 

300 

400 

600 

19 

.... 

29 

73  ■ 

200 

300 

400 

600 

ao 

.... 

27 

65 

200 

300 

400 

600 

XL 

24 

S8 

200 

300 

400 

600 

23 

22 

S3 

200 

300 

400 

600 

33 

.... 

.... 

.... 

20 

49 

200 

300 

400 

600 

24 

.... 

x8 

45 

190 

300 

400 

600 

as 

.... 

17 

42 

175 

300 

400 

600 

30 

.... 

... 

12 

30 

120 

300 

400 

600 

3S 

.... 

22 

90 

270 

400 

600 

40 

.... 

17 

70 

210 

400 

600 

4S 

13 

55 

16S 

400 

600 

$0 

.... 

.... 

.... 

45 

13S 

330 

600 

es 

27 

80 

2C0 

600 

IS 

.... 

.... 

20 

60 

ISO 

600 

100 

33 

80 

360 

MS 

.... 

.... 

.... 

22 

so 

230 

ISO 

.... 

IS 

35 

x6o 

175 

.... 

.... 

28 

120 

aoo 

^ 

21 

90 

250 

.... 

14 

59 

not  be  fed  through  75  ft  of  i-in  pipe,  but  iM  in  would  have  to  be  used.  When 
two  or  more  successive  sections  work  out  to  the  same  size  of  pipe  and  their  total 
length  or  sum  exceeds  the  longest  length  in  the  table  for  that  size  pipe,  make  the 
section  nearest  the  meter  of  the  next  larger  size.  For  example,  if  we  have  5  out- 
leU  to  be  sttn>lied  through  45  it  of  pipe  and  these  s  and  s  more,  making  10 
in  all,  thioui^  30  ft  of  pipe,  we  should  find  by  the  table  that  xo  outlets  through 
30  ft  would  require  i-in  pipe,  and  that  s  outlets  through  45  ^  would  also  require 
i-in  pipe,  but  as  the  sum  of  the  two  sections,  30  plus  45  equals  75  ft,  is  longer 
than  the  amount  of  x  in  that  may  be  used  in  any  continuous  run,  the  30-ft  sec- 
tion,  being  the  one  nearer  the  meter,  mn^t  be  made  of  iH-in  pipe.    The  applica- 
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tion  of  the  limit  in  length  of  any  one  size  in  a  continuoos  run  may  also  be  shown 
as  follows:  Eight  outlets  will  allow  of  13  ft  of  ^-in  pipe  in  the  section  between 
the  eighth  and  ninth  outlet  (counting  from  the  extremity  of  the  system  toward 
the  meter),  provided  that  this  13  ft  added  to  the  total  length  of  H-in  pipe  that 
may  have  been  used  between  the  extremity  of  the  run  and  the  eighth  outlet 
does  not  exceed  50  ft,  which,  according  to  the  table,  is  the  greatest  length  of 
94  in  allowable  in  any  one  branch  of  the  system.  Therefore,' up  to  the  eighth 
outlet,  37  ft  of  M-in  pipe  could  have  been  used,  and  yet  allow  13  ft  of  Nin  to  be 
used  in  the  section  between  the  eighth  and  ninth  outlet.  If  more  than  37  ft 
had  been  used,  then  the  entire  13  ft  between  the  eighth  and  ninth  outlets  would 
have  to  be  of  i-in  pipe. 


i»^  Tl      IS'    .  / 


Fig.  18.    Diagram  of  Gas-piping 

(11)  Never  supply  gas  from  a  smaller  size  of  pipe  to  a  larger  one.  If  we  have 
25  outlets  to  be  supplied  through  200  ft  of  pipe,  and  these  25  and  5  more,  mating 
30  in  all,  through  100  ft  of  pipe  we  should  find  by  the  table  that  25  outlets 
through  200  ft  would  require  2 H-in  pipe,  and  30  outlets  through  100  ft  would 
require  2-in  piping,  but  as  under  this  condition  a  2-in  pipe  would  be  supplying 
a  2H-in  pipe,  the  loo-ft  section  must  be  made  2H  in.  The  sizes  of  pipes  in  Fig. 
18  are  in  accordance  with  the  foregoing  rules  and  the  table. 
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LIGHTING  AND  ILLUMINATION  OF  BUILDINGS* 

By 
W.  H.  TIMBIE 

HEAD  OP  APPLIED  SCIENCE  DEPAKTUENT,  WENTWOETH  INSTTTDTE 

General  Principles.  Objects  are  illuminated  for  the  sole  purpose  of  making 
them  visible  to  the  eye.  The  -eye,  then,  is  the  natural  starting-point.  When 
passing  upon  the  merits  of  any  scheme  of  ordinary  illumination,  that  which 
should  mark  it  as  a  success  or  failure  should  be  the  general  effect  of  the  scheme 
upon  the  eye.  Success  should  be  measured  largely  by  the  degree  of  clearness 
with  which  the  objects  are  perceived  by  the  eye,  as  to  shape  and  color.  If  cer< 
tain  parts  of  a  room  or  street  are  too  brilliantly  lighted,  objects  in  the  dimmer 
portions  are  not  perceived  by  the  eye.  If  a  certain  side  of  one  object  is  too 
highly  illuminated,  the  general  shape  of  the  object  is  lost,  as  the  eye  does  not 
readily  perceive  its  more  dimly  lighted  parts.  This  is  because  the  eye  auto- 
matically adjusts  itself  to  the  most  brilliantly  lighted  area  within  its  view,  and, 
accordingly,  is  out  of  adjustment  for  perceiving ^the  rest.  We  should  get  rid  of 
the  idea,  therefore,  that  a  light  of  intense  brilliancy  is  the  thing  to  be  sought. 
It  is,  in  general,  lughly  undesirable.  A  room  may  appear  brilliantly  ughteo 
and  yet  objects  looked  at  may  not  be  sufficiently  well  illuminated  for  reading 
or  for  working  purposes.  The  lights  appear  brilliant  to  the  eye,  but  because 
they  throw  their  strongest  rays  in  other  directions  than  those  in  which  they  are 
needed  for  use,  they  do  not  give  efficient  illumination. 

Distinction  between  Light  and  ninmination.  There  is  not  only  a  great 
difference  between  ugrt  and  illttmination,  but  there  is  a  great  difference  be- 
tween a  brilliantly  lighted  room  and  a  welMllimiinated  one.  When  anybody  is 
asked  whether  a  room  is  well  illuminated  or  not,  the  chances  are  ten  to  one  that 
he  at  once  looks  at  the  light  itself.  If  the  light  appears  to  him  to  be  brilliant  and 
dazzling,  he  will  invariably  say,  "Why,  of  course,  the  room  is  well  lighted."  He 
should  first  look  away  from  the  light  at  the  objects  around  the  room  or  under- 
neath the  light.  If  these  can  be  seen  clearly  and  easily,  then  the  room  is  well 
ILLUMINATED.  Af teTwards  he  should  look  at  the  lights  themselves,  and  if  they  ap- 
pear soft  and  pleasing  to  his  eyesight  the  room  is  well  lighted.  A  room  in  which 
the  lights  appear  soft  to  the  eye  and  yet  in  which  the  eye  can  distinguish  objects 
clearly  is  both  well  lighted  and  well  illimiinated.  A  room  in  which  the  objects 
appear  clear  to  the  eye  while  the  lights  remain  dazzling  is  well  iUuminated  but 
badly  lighted.  A  room  in  which  the  lights  appear  soft  to  the  eye  and  the  objects 
not  clearly  illuminated,  is  well  lighted,  but  badly  illuminated.  A  room  in  which 
the  lights  appear  dazzling  to  the  eye  and  the  surrounding  objects  or  those  under- 
neath appear  not  clear  to  the  eyesight  is  both  badly  lighted  and  badly  illuminated. 
An  axiom  in  good  artificial  illtunination  is  to  keep  the  illumination  of  objects  as 
strong  as  is  necessary,  but  the  intensity  or  brilliancy  of  the  lights  as  low  as  pos- 
sible. By  doing  the  first  we  enable  the  eye  to  see  better;  by  doing  the  second  we 
enable  the  eye  to  feel  better  and  suffer  less  from  temporary  discomfort  or  per- 
manent injury.  It  is  not  generally  understood  that  a  light  which  is  dazzling  and 
brilliant  to  the  eyesight  may  not  be  giving  as  much  illimiination  as  another 
source  of  light  which  appears  soft,  or  even  dim,  by  comparison.  Thus  an  open 
gas-light  is  more  dazzling  than  an  enclosed  light,  but  is  less  efficient  in  illumi- 

*  See,  also,  I]luniiBating-<xfls  and  Gas-Piping,  pa^es  134s  to  1350. 
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Dating  a  room.  The  problem,  then,  resolves  itself  into  two  parts.  The  first  step 
should  be  to  secure  a  kind  of  lamp  which  ivill  cause  objects  to  appear  in  their 
accustomed  colors;  that  is,  the  colors  in  which  they  appear  by  stmlight.  The 
second  is  to  so  distribute  the  lamps  that  the  several  illuminated  surfaces  receive 
their  share  of  the  light,  and  yet  no  bright  light  is  thrown  directly  into  the  eyes. 
Nature  of  Light.  All  space  is  supposed  to  be  filled  with  a  medium  infinitely 
lighter  than  air,  called  ether.  The  sensation  of  light  is  experienced  when  certain 
wave-motions  in  this  ether  are  transmitted  to  the  eye.  These  wave-motions  are 
called  LIGHT- WAVES.  Light-waves  differ  from  one  another  in  length  and  violence. 
The  DirFBREKCE  IN  LENGTH  causes  a  difference  in  color.  Thus  short  waves  may 
be  blue  or  violet,  while  longer  waves  may  be  red  or  orange.  If  we  have  a  source 
of  light  which  sends  out  long  ether-waves,  we  may  expect  a  predominance  of  red 
and  orange  light  in  it.  The  sunlight  contains  waves  of  practically  all  lengths  and 
thus  is  competed  of  all  colors.  The  difference  in  violence  of  the  waves  gives 
rise  to  a  difference  in  intensity  of  the  light.  When  these  light-waves  strike  any 
object,  they  are  partly  reflected  and  partly  absorbed.  Substances  differ  widely 
as  to  the  percentage  of  light  they  absorb  and  the  percentage  they  reflect.  If 
two  objects  are  illuminated  by  the  same  amount  of  light,  the  one  which  absorbs 
the  less  light  and  reflects  the  more  will  appear  the  brighter.  Some  objects  reflect 
light-waves  of  a  certain  length  only,  and  absorb  all  the  rest.  It  is  this  prop- 
erty that  gives  color  to  objects.  Suppose,  for  instance,  that  a  piece  of  doth 
were  receiving  light  from  the  sun,  all  of  which  it  absorbed  except  the  waves  of 
proper  length  to  cause  a  sensation  of  green  to  the  ^e.  The  green  waves  only 
would  then  come  from  the  doth  to  the  eye,  all  the  rest  being  absorbed,  and  the 
cloth  would  appear  green.  If  it  absorbed  waves  of  all  lengths,  it  would  appear 
black,  because  no  light  would  be  reflected  from  it  to  the  eye.  If  now  the  piece 
of  cloth,  which  absorbs  all  wave-lengths  except  that  of  green,  were  exposed  to  a 
source  of  light  which  was  emitting  all  colors  except  green,  there  being  no  green 
waves  to  be  reflected  from  it,  the  cloth  in  this  light  would  appear  black.  Sup- 
pose a  piece  of  cloth  absorbed  all  colon  but  two,  say  violet  and  red.  When  light 
having  all  wave-lengths  fell  upon  it,  it  would  absorb  all  the  waves  except  violet 
and  red.  These  two,  the  doth  would  reflect  as  a  mixture  and  would  appear 
purple.  If,  however,  the  source  of  light  contained  no  violet  waves,  it  could  only 
reflect  the  red  waves  and  appear  red.  This  light,  then,  would  not  cause  the 
doth  to  show  its  normal  color.  So  in  choosing  an  artificial  source  of  light,  it  is 
necessary  to  sdect  one  which  will  send  out  all  wave-lengths,  if  we  wish  to  have 
the  different  objects  appear  in  their  normal  colors. 

Table  L    Colors  of  Ught-SourcM  • 


Sun  (at  senith) White  (all  colon) 

Electric  arc Violet-white 

Candle Oraage-yeUow 

Kerosene Pale  orange-yeUow 

Gas-flaxne Pale  orange-yeUow 

w^uk^^k  / \  J  Nearly  white  to  amber,  depending  upon      I 

Welsbach  (gas) j     composition  of  mantle  ' 

Acetylene-flame Almost  white 

Carbon,  incandescent Reddish  white 

Tungsten  or  Maxda Yellowish  white  , 

Mercury-arc Blue-green  I 

Moore  tube  (carbon  dioxide) White 

*  CompiUd  by  R.  F.  Pieioe,  WcblMch  Cempsay. 
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Ezperiment  has  shown  that  no  artificial  light  except  the  COs  Mooie  tube  is 
even  a  remote  approximation  toMlayiight.  The  Welsbach  white  mantle  ghres  a 
much  whiter  light  than  the  tungsten-lamp,  although  neither  can  be  said  to 
j^}pn>ximate  daylight. 

Light-Intensity  or  Brilliancy.  Candle-Power.  The  brilliancy  of  a  source 
of  Hght  [s  stated  as  its  candle-power;  that  b,  the  number  of  standard  candles 
to  which  it  is  equivalent.  Thus  an  ordinary  open  gas-flame,  consuming  5  cu  f t 
of  gas  per  hour,  is  equivalent  in  brilliancy  to  about  18  candles,  and  is  said  to  have 
an  intensity  of  18  candle-power.  Welsbach  lamps,  consuming  3  cu  ft  per  hour, 
average  about  75  candle-power;  that  is,  they  are  equivalent  to  75  candles. 
Since  no  two  sources  of  light  have  the  same  amount  of  luminous  surface,  it  is 
customary  to  rate  a  lamp  by  tl^e  number  of  candle-power  per  square  inch  of  its 
apparent  (or  projected)  surface.  Thus  an  ordinary  candle-fiame  has  about  H 
sq  in  of  area,  and  its  intensity  would  be  rated  as  3  candle-power  per  square  inch; 
that  is,  the  candle-power  it  would  have  if  its  area  consisted  of  exactly  i  sq  in. 
This  is  often  called  the  inteinsic  brilliancy  of  a  fight-source.* 


Table  IL    Accepted  Values  of  Intrinsic  Brilliancy  for  Various  Light- 
Sources  now  in  Use* 


Light-Source 


Candle-power 
persqin 


Moore  tube 

Frosted  electric  incandescent-lamp 

Candle 

Gaa-flame 1 

Oil-lamp 

Cooper-Hewitt  lamp 

Welsbach  gas-mantle 

Acetylene-burner 

Enclosed  alternating-current  arc-lamp — 

Encloeed  direct-current  arc-lamp 

Incandescent  lamps: 

Carbon.  3.5  watts  per  candle 

Carbon,  3*1  watts  per  candle 

Gem,  2.5  watts  per  candle 

Tantalum,  3.0  watts  per  candle 

Maxda  or  tungsten  1.2s  watts  per  candle 

Mazda  or  tungsten,  x.o  watt  per  candle  , 

Nemst.  1.5  watts  per  candle 

Sun,  on  horixon 

Flaming  arc-lamp 

Masda.  nitrogen-filled 

Open  arc-lamp 

Open  aro-cxater 

Sun.  30*  above  horixon 

Sun,  at  zenith 


03-1.75 
3-4 

3-8 

17 

SO-SO 

75-100 
7S-aoo 
100-500 

375 

480 

625 

750 

875 
xooo 
asoo 
aoeo 
5000 
7700 

3  00O-SOO0O 
300  060 
500000 
600000 


*  E.  B.  Rowe,  Holophane  Works.  ' 

Intentity  of  XUumiiuition.    Foot-Candle.    The  extent  to  which  a  surface  is 
flluminated  is  measured  in  yoot-candles.    A  surface  has  i  foot-candle  illumi- 


*  The  total  amount  of  light  given  out  by  a  light-souxce  b  measured  in  luicrns. 
the  dcfialtioQ  and  use  of  this  tenn  tee  any  standard  book  on  iilummation. 
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nation  when  it  is  placed,  at  right-angles  to  the  light-rays,  i  ft  away  from  a  light  of 
I  candle-power  intensity.  Thus  a  paper  placed  i  ft  away  from  a  i6-candle- 
power  incandescent  lamp  would  be  illuminated  to  x6  foot-candles. 

Law  of  Inverse  Squares.  The  farther  away  from  the  light  the  above  paper 
is  held  the  less  the  illiunination.  But  if  it  were  held  2  ft  away,  that  is,  twice  as 
far  as  stated  ,above,  it  would  not  have  one-half  the  illumination.  The  illumi- 
nation which  an  object  receives  varies  inversely  as  the  square  of  the  distance 
from  the  source.  Thus,  in  this  example  the  paper  would  receive  one-fourth  as 
much  illumination,  or  4  foot-candles.  If  it  were  held  3  ft  away,  it  would  be  il- 
luminated by  one-ninth  of  z6,  or  1.6  foot-candles. 

Rule.  To  find  the  intensity  of  illumination  on  any  surface,  at  right-angles  to 
light-rays,  divide  the  candle-power  of  the  lamp  by  the  squase  of  the  distance 
in  FEET.  The  result  will  be  foot-candle  illumination.  This  is  called  the  law 
OF  INVERSE  SQUARES.  Accordingly,  an  unshaded  32-candle-power  lamp  will 
illuminate  a  surface  facing  it  squarely  and  i  ft  away  from  it  with  an  intensity  of 
32  foot-candles,  but  a  surface  4  ft  away,  with  only  32/4^  or  2  foot-candles. 

Candle-Power  and  Foot-Candle.  Careful  distinction  should  be  made 
between  candle-power  and  foot-candle.  Candle-power  is  the  measure  of 
the  intensity  of  a  source  of  light.  The  foot-candle  b  the  measure  of  the 
hitensity  of  illumination  of  some  surface  upon  which  the  light  falls. 

Example  i.  What  is  the  illumination  on  a  surface  5  ft  from  a  33-candle- 
power  lamp? 

32 

Solution.      -•  1.28  ft-candles. 

5X5 

Example  a.  The  illumination  required  on  a  printed  page  for  easy  reading  is 
about  2  foot-candles,  (i)  How  high  above  a  reading-table  should  a  i6-candle- 
power  lamp  be  hung?    (2)  A  32-candle-power  lamp? 

Solution.     ^  =  2        «*»8        «-  Vs  -  2.83  ft  (1) 


32 


a:i-ii6       at -4  ft  (2) 


The  Primary  Function  of  a  Lighting-Installation  is  to  supply  sufficient 
illumination  as  required  by  the  character  of  the  work  to  which  the  lighted  space 
is  devoted.  The  following  table  can  be  used  in  computing  the  amount  of  elec- 
tric power  or  of  gas  necessary  to  satisfactorily  illuminate  the  various  xxK>ms  in- 
cluded. 

Since  the  lower  efficiencies  of  the  indirect  and  semiindirect  systems  are  largely 
compensated  by  the  lower  intensities  required  as  compared  to  direct  lighting, 
the  same  watts  per  square  foot  may  be  allowed  in  either  case,  provided  the  con- 
ditions are  fairly  favorable  to  the  use  of  the  indirect  and  semiindirect  systems, 
namely,  light-cream  or  yellow  ceilings.  The  following  table  is  based  upon  rooms 
of  average  proportions  with  light-cream,  or  yellow  ceilings  and  medium  walls. 
High,  narrow  rooms  may  require  about  10%  more,  and  low,  wide  rooms  about 
10%  less,  eneigy.  Similar  allowances  may  be  made  for  daik  or  tight  walls, 
respectively. 

Three  Systems  of  General  Illumination.  To  secure  the  proper  illumina- 
tion, as  indicated  in  Table  III,  there  are  three  general  i^ystems. 
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TftUe  m.    Amoont  of  Ou  or  of  Bleetric  Power  Reqisirod  to  mnmi- 
mito  Rooms  Uied  for  Vaxioos  Purposes 


Class  of  service 


•Cuftof 

gas  per  sq  ft 

per  hour 


•Witts 
persqft 


Armory  or  drill-hall 

Auditorium 

Barber-shop 

Church  (see  Auditoriam) 

Drafting-room 

Factory  (general  illumination) 

Hospital  (corrid<v) 

Hospital  (operating-room) 

Hotel  (lobby) 

Hotel  (ball-room) 

Hotel  (dining-room) 

Hotel  (restaurant) 

Hotel  (kitchen) 

Hotel  (writing-room,  general  illumination  only) 

Hotel  (billiard-room,  general  illumination  only) 

Hotel  (buffet) 

Library  (reaiUng-room) 

Library  (stacks) 

Office  (banking  and  accounting) 

Office  (general) 

Office  (private) 

Office  (stenographic) 

Residence  (bedroom) 

Residence  (dining-room) 

Residence  (hall) 

Residence  (living-room) 

Residence  (music-room) 

Residence  (kitchen) 

School  (assembly  or  class-room) 

School  (class-room,  business  colleges) 

Stores  (piano,  furniture,  haberdashery,  dry-goods, 

automobile,  clothing,  cigar) 

Stores  (book,  shoe,  hardware) 

Warehouses 


0.02  -0.035 

0.04  -o.QS 
o.o6  -0.07 


O.IO  -0.II2 
O.OI  -0.02 

0.016-0.02 
0.14  -o.is 
0.06  -o.o6s 
o.os  -0.052 
0.04  -0.045 
o.c6  -0,07 

o.QS  -0.052 

0.052-0.06 
0.06  -0.065 
0.065-0.072 
0.055-0.06 

0. 0x2-0. Q24 

0.06  -0.065 
0.052-0.06 
0.05  -0.52 
0.06  -0.07 

0.012 

0.036-0.04 

o.ooB 
o. 036-0. 04 
0.02  -0.025 
0.05  -0.052 
0.04  -0.045 
0.055-0.06 

0.06  -0.07 
o.oss-0.06 
0.012-0.036 


0.5-0.6 
1.0-1.3 
i.S-i  7 

2.5-4.S 

2.5-0.5 

0.4-o.s 

35-39 
1.5-1.6 
1.2-1.3 

I.O-I.X 

1.5-1.7 

I. 2-1. 3 

I  3-1.5 
1.5-1.6 
1. 6-1. 8 
X.4-1.S 
0.3-0.6 
1.5-1.6 
1.3-1.5 
1.2-1.3 
1.5-1.7 

0.3 
0.9-1.0 

0.2 
0.9-1.0 
0.5-0.6 
1.2-1. 3 
I.O-I.l 

1.4-1. 5 

I. 5-1. 7 
1  4-1.5 
0.3-0.9 


*  These  figures  are  based  upon  the  use  of  Webbach  reflex  lamps  and  Mazda  electric 
lamps.  For  Welsbach  kinetic  lamps  and  nitrogen-filled  tungsten-lamps  (type  C  Maxda) 
use  about  0.6  the  values  in  the  first  and  second  oolumns,  respectively.  Data  on  gas 
supplied  by  R.  F.  Pieice,  Welsbach  0>mpany. 

(x)  Direct  Lii^tifig.  A  system  is  designated  as  direct  when  more  than  one- 
half  the  light  reaches  the  area  to  be  illuminated  by  coming  directly  from  the 
light-source,  without  being  reflected  from  the  ceiling  or  walls.  This  includes  all 
systems  using  lamps  with  clear,  frosted,  translucent,  or  opalescent  globes,  or 
reflectors,  in  which  the  light  is  reflected  downward.  It  is  the  most  efficient  S3rs- 
tem,  was  the  first  to  be  used,  and  is  still  the  most  common.  The  color  of  the 
walb  or  ceiling  has  less  effect  in  this  system  than  in  the  others. 

(a)  Kodirect  Lightiiic.  A  system  is  designated  indirect  when  all  the  light  is 
thrown  first  on  the  ceiling  and  walls,  and  reflected  from  these  to  the  surface  to  be 
illuminated.  Any  system  which  conceals  the  source  of  light  by  opaque  reflec- 
tors is  thus  INDUIECT.    Light  finish  mist  always  be  used  on  the  walls  and  ceiling 
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with  this  system.  Even  then,  the  efficiency  is  usuaUy  lower  than  that  of  a  direct 
system,  but  the  total  absence  of  glare  and  shadows  and  the  even  distribution  of 
light  make  this  a  popular  scheme  in  restaurants,  show-rooms,  etc.,  whete  deco- 
rative lighting  is  desired. 

(3)  Semiindiiect  Lighting.  This  system  throws  most  of  the  light  to  the  walU 
and  ceiling,  but  allows  a  small  percentage  to  be  diffused  through  the  reflector 
straight  to  the  area  to  be  illuminated.  This  system  is  rapidly  coming  into 
favor  because  apparently  we  have  become  accustomed  to  looking  for  the  source 
of  light  and  miss  it  when  it  is  concealed  as  in  the  indirect  system.  The 
totally  indirect  fixtures  often  show  up  rather  unpleasantly  as  a  dark  spot 
against  a  light  background.*  This  is  avoided  in  the  semiindirect  system.  .The 
slightly  higher  efficiency  of  this  system  is  another  advantage  over  the  indirecL 
Any  given  room  may  usually  be  lighted  by  any  one  of  the  three  ssrstems  al- 
though it  is  generally  true  that  conditions  are  such  as  to  make  one  of  the  three 
more  desirable  than  either  of  the  other  two.  The  following  paragraphs  show  m 
detail  how  each  system  may  be  worked  out  for  a  given  room. 

General  ConBiderationi  f  in  Direct  Lighting 

Outlets  and  Lamps.  Outlets  should  be  located  in  the  centers  of  as  nearly  as 
possible  square  and  equal  areas  into  which  the  ceiling,  for  the  purpose  of  calcu- 
lation, may  be  subdivided.  The  greater  the  number  of  outlets  the  more  unifonn 
the  illumination  and  the  greater  the  freedom  from  annoying  shadows.  Unless 
great  care  is  used  in  planning  the  directions  in  which  the  light  is  received  by  illu- 
minated surfaces,  a  disagreeable  glare  from  glazed  paper  is  likely  to  be  present. 
The  greater  the  height  of  lamps  above  the  illuminated  area,  the  more  uniform 
the  illumination.  Figures  suggestive  of  good  practice  in  selection  of  mount- 
ing-heights are  given  in  Table  IV,  page  1358. 

General  Considerations  in  Indirect  and  Semiindirect  Lighting 

Outlets  and  Lamps.  The  location  of  outlets  should  in  general  conform  to 
the  requirements  for  direct  lighting,  that  is,  at  the  centers  of  approximately 
square  and  eqtud  areas.  Since  glare  from  glazed  papers  is  minimized  when  most 
of  the  light  is  received  from  ceiling-reflection,  larger  and  fewer  units  are  permis- 
sible than  in  the  case  of  direct  lighting.  The  nearer  to  the  ceiling  the  lamps  are 
placed,  the  less  uniform  the  illiuninatton  and,  within  reasonable  limits,  the  higher 
the  illuminating  efficiency  of  the  installation.  Generally  speaking,  lamps  should 
not  be  placed  less  than  2  ft  from  the  ceiling.  Aside  from  this,  the  position  of  a 
fixture  should  be  determined  by  artistic  considerations  and  reflectors  selected 
which  will  direct  most  of  the  light  upon  the  ceiling  without  concentrating  it 
enough  to  illuminate  the  ceiling  unevenly. 

A.  The  Interior  Colorings  and  Finishes.t  (i)  Ceilings  especially  should  be 
of  nearly  white,  cream,  or  light-buff  colors  to  efficiently  diffuse  the  light  down- 
ward. Dark  greens,  reds,  or  blues  are  not  advisable  since  the  reduction  in  illumi- 
nation caused  by  a  green  color,  over  a  cream  tint,  may  easily  be  from  30%  to 
60%.  On  the  other  hand,  this  system  shows  very  plainly  all  dirt  and  discolor- 
ations  on  the  ceiling,  and  no  colors  should  be  used  that  are  so  light  as  to  easily 
show  dirt,  where  there  may  not  be  careful  cleaning. 

*  This  unpleasant  effect  can  sometimes  he  avoided  by  niuminatiog  the  underside  of  the 
fixture, 
t  By  R.  F.  Pierce.  Welsbach  Company  and  G.  S.  Fobea,  Macbeth-Evana  Company. 
X  By  G.  S.  Fobcs,  Macbeth-Evans  Company. 


Digitized  by 


Googk 


Genecal  Considerations  in  Indirect  and  Semiindirect  Lighting     1367 

(3)  Finishes  preferably  should  be  matt,  or  satin,  rather  than  glazed  or  var- 
nished. From  the  matt  ceiling-surface  the  maximum  light  will  always  be  down- 
'wrard,  but  the  varnished  ceiling  will  reflect  specularly,  directing  light  sidewise  or 
showing  lamp-images  and  glare. 

(3)  Tints  and  details  of  decoration  should  be  considered  together  with  the 
lishting-system,  so  that  daylight-colors  and  reliefs  will  not  be  reversed  or  dis- 
torted by  colored  light  from  artificial  illuminants  and  shadows. 

B.  The  PoBitioni  of  Outlets  and  of  Fiztorea.  (x)  Semiindirect  units 
should,  if  possible,  be  placed  above  the  places  where  maximum  light  is 
wanted. 

(3)  Fixtures  should  not  be  so  close  to  side  walls  as  to  cause  light-spots  running 
down  across  picture-moldings,  etc. 

(3)  Outlets  should  be  placed  logically  with  reference  to  the  ceiling-paneU,  so 
that  the  more  brightly  illuminated  ceiling-areas  will  be  the  ones  that  on  account 
of  their  tints,  shapes,  or  decorations,  will  naturally  bear  emphasis.  If  the  panels 
are  deep  (deep  beams),  and  one  outlet  is  in  each  panel,  it  will  ordinarily  be  1 
located  at  the  center.  If  several  panels  intervene  between  units,  the  fixtures 
should  be  on  the  beams  rather  than  in  the  panels,  to  prevent  dark  ceiling-areas 
in  the  shadows  of  the  beams. 

(4)  Spacing  should  be  such  as  to  have  the  illuminated  ceiling-areas  overlap  if 
the  ceiling-surface  is  uniform. 

C.  The  Proper  Lamp  and  Bowl-Sizes,  (x)  Ordinarily  the  sjrmmetrical 
appearance  of  fixtures  with  respect  to  the  other  interior  furnishings  will  largely 
determine  their  sizes,  although  the  bowls  should  never  be  so  small  as  not  to  com< 
pletely  conceal  and  nearly  surround  the  lamp-bulb. 

(a)  The  smaller  the  bowl  and  the  brighter  the  lamp,  the  less  effective  the  semi- 
indirect  system  becomes,  and  the  more  the  effect  approaches  direct  lighting. 

D.  Shapes  and  Styles  of  Bowls,  (i)  Bowls  used  close  together  or  hung  far 
from  the  ceiling  should  be  of  the  focusing  (upward)  distribution,  while  broadly 
distributing  bowb  are  better  when  used  singly,  or  when  fairly  wide  apart  and 
close  to  the  ceiling. 

(2)  Bowls  too  flat  in  shape  may  waste  considerable  light  sidewise  to  the  upper 
walls  and  therefore  be  inefficient. 

(3)  Wide  open-top  bowls  should  not  be  used  in  halls,  etc.,  where  the  bare 
lamps  are  visible  to  the  observer  from  above,  nor  on  or  below  the  level  of  a  bal- 
cony or  mezzanine. 

E.  Care  of  Fixtures,  (i)  The  average  saving  in  light  (expressed  in  terms  of 
cost  of  current)  that  results  from  washing  once  and  dusting  once  monthly,  will 
be  from  four  to  ten  times  the  cost  of  such  cleaning.  Bowls  often  collect  films 
of  dust  which  are  not  visible  and  which  materially  reduce  the  efficiency  both  of 
reflection  and  transmission. 

(a)  A  bowl  with  a  dust-cap,  button-ornament,  or  small  area  of  thick  glass  at 
the  bottom,  will  allow  dead  insects  or  dirt  to  collect  at  that  point  without 
marring  the  appearance  of  the  unit. 

(3)  Dilute  ammonia  is  an  excellent  glass-cleanser. 

(4)  Fixtures  should  be  arranged  to  be  lowered,  for  cleaning,  from  above  if  on  a 
very  high  ceiling  in  a  church  or  similar  structure. 

(5)  It  should  be  possible  to  easily  raise  the  lamp  or  lamps  from  within  the 
bowl,  to  allow  of  dusting  or  wiping  out. 

Figures  suggestive  of  good  practice  in  the  sdection  of  mounting-heights  and 
types  of  light-distribution  are  given  in  Table  VI. 
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Tftbto  IV.    Diract  SystMB 

LAMP-SIZE,  MOUNTING-HEIGHT  AND  SPACING* 


Comniercial 

Watts  per 

■quan 

foot  ■■  w 

•Ideal 

spacing 

Mount- 

size of  lamps 

a  distance 

Minimum 

Maximum 

ing- 

in  watts  «■  W 

and  cubic 

feet  per 

square  foot 

fw 

spacing- 

spacing- 

height 

and  cubic  feet 

V 

- 

dittancw 

distance 

per  hour 

V 

'  w 

ft 

Watts    cuft 

Watts   cuft 

ft 

in 

ft      in 

ft       in 

7toio 

40         1.6 

0.5     0.02 

9 

8       0 

10       0       < 

X 

5      0.06 

5 

4       6 

6       0       1 

a 

5     o.xo 

4 

3       9 

4       3 

8  to  13 

60        3.0 

0 

5        0.03 

XX 

9       6 

xa      9 

, 

I 

S      0.06 

6 

S       6 

7       3 

a 

5      o.io 

4 

XX 

4       6 

5       6       ' 

12  to  16 

100        40 

b 

5     o.oa 

14 

13        6 

16       0       1 

1 

5      0.06 

8 

7       0 

9       6       , 

a 

5     o.xo 

6 

5       8 

7       0 

Utoao 

ISO        6.0 

0 

S      0.02 

17 

IS       0 

30         0 

1 

I 

5      0.06 

10 

9       0 

XX         0 

a 

5      o.xo 

7 

7       0 

8       6 

17  to  37 

aso       10. 0 

0 

5      o.oa 

aa 

ao       0 

as       0 

X 

S      0.06 

13 

II 

II       9 

14       3 

a 

5      0.10 

xo 

9       0 

II       0 

as  to  35 

400       16.0 

0 

5      o.oa 

38 

3S       0 

31       6 

I 

5      0.06 

x6 

IS       0 

17       9 

3 

S      o.xo 

13 

IX       6 

13       6 

30  to  40 

$00       20.0 

0 

5      o.oa 

31 

38       0 

35       6 

t 

S      0.06 

x8 

16       6 

ao      9 

a 

5     o.xo 

14 

3 

13         6 

xs       0 

*  To  determine  the  size  of  equivalent  Welsbach  lamps  allow  x  cu  f  t  per  hour  for  each 
as  wstts.    Adapted  from  the  Electric  Journal,  by  A.  J.  Airston. 

«   The  Designing  of  General  Olttmination  by  Each  Syitem  Using 
Tungsten  or  Welshach  Lamps 

(x)  From  Table  III  should  be  determined  the  watts  per  square  foot  desirable 
for  the  given  class  of  work,  and  the  total  number  of  watts  necessary  should 
then  be  computed. 

(2)  From  Table  IV  should  be  obtained  the  size  o£  unit  desirable  for  a  given 
height  of  room  and  the  number  and  spacing  of  fixtures  then  computed. 

(3)  The  ceiling  should  be  laid  off  in  squares  the  sides  of  which  are  as  nearly  u 
possible  equal  to  the  value  of  the  ideal  spacing.  One  fixture  should  be  located 
at  the  center  of  each  square. 

(4)  Each  lamp  should  be  checked,  up  on  the  plan  to  see  that  it  is  useful  and 
clear  of  obstacles,  and  the  layout  incorporated  into  the  building  plans  using  the 
standard  methods  and  symbols  for  electricity  or  gas  as  the  case  may  be. 
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Table  V.    Standard  Symbols  for  Gas-Plpiiic  PUma* 


X 

o 
mi 


D02 
2 


Ceiling-outlet;  gas  only.  Numeral  indicate  the  number  of 
single-mantle  gaa-lampa. 

Single-lamp  outlet  (oeiling-units,  pendants,  etc);  sss  only. 

Ceiling-outlet;  combination.  |  indicates  4  electric  lamps 
and  2  single^mantle  gsa-lamps. 

Bracket-outlet;  gas  only.    Numeral  indicates  the  number  of 

gas-lamps. 
Bracket-outlet;  combination.      t  indicates  4  electric  lamps 

and  2  gas-lamps. 
Baseboard-outlet;   gas  only.     Numeral  indicates  number  of 

gas-lamps. 

Floor-outlet;  gas  only. 

Special  outlet  (for  portable  lamp,  heater,  etc.);  gas  only. 

Outlet  for  outdoor-standard  or  pedestal;  gas  only.  |  indi- 
cates a  gas-lamps,  with  s  mantles  per  lamp. 

Outlet  for  outdoor  standard  or  pedestal;  combination.  H 
indicates  6  electric  lamps,  and  a  gas-lamps,  with  5  mantles 
per  lamp. 

Arc-lamp  outlet;  gas  only.  Numeral  indicates  the  number 
of  mantles. 

Pump  or  pneumatic  lighting-system.  Numeral  indicates  the 
ntmiber  of  lamps  to  be  operated  from  one  pump. 

Push-button  for  magnet-valve.  The  numeral  indicates  the 
number  of  lamps  to  be  operated  from  one  push-button  switch. 

Meter-outlet. 

Main  or  supply-pipe  concealed  under  floor. 

Main  or  supply-pipe  concealed  under  floor  above.  . 

Main  or  supply-pipe  exposed. 

Branch  pipe  concealed  under  floor. 

Branch  pipe  concealed  under  floor  above. 

Branch  pipe  exposed. 
Street  gas-main. 

Battery-outlet. 

Bjaer. 


•  lUuminatJng  Engineering  Laboratories,  Welsbach  Company. 
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DittuiM  from  Vloor  to  Contor  of  WaU-Oiillete  * 


Living-room. 

ft      in 
S       6 

5  0 

6  0 

ChATTiben 

Offices 

Corridori 

6       3 

Pusb-button    switches    or 
mciinifttic  pumps 

4        0 

*  niuminating  F.ngin»rring  Labontaries»  Wdibach  Compsay. 

Bzamples  of  Design  of  Ughting-System  for  accounting-office,  63  by  25  ft 
with  x3-ft  ceiUng  (Fig.  1).    Walls  and  cdling-Ught  in  color. 
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FSf.  1.    Plan  of  CdUag-Ughti 
Diroct  Syitofli 

-  i.S  (Table  IH)   A 

-  X.5  X  63  X  35  »  a  400  (nearly) 

-  60  watt  electric  (Table  IV) 

-  3  cu  ft  per  hour,  ordinary  inclosed  gas,  or  \  ^i^  * 

-  3  cu  ft  per  hour,  Welsbach  kinbtic  ) 
'  a  400/60  -  forty 


Watts  per  sq  ft 
Total  watts 
Unit,  size  of 


Number  of  units 


Spacing  (average)  desired  «  6  ft  4  in  (Table  IV) 
Number  of  rows  «  25/6H  -  four 

Number  of  outlets  per  row  -  40/4  *  ten 
Spacing  between  rows        *  25/4  *  6K  ft 
Spacing  in  rows  -■  63/10  •«  6H  ft 

Spadng-aveFige  *  6  ft  4  in. 


« 

K 

— eatts — 

5« 

:— H 

52 

S^ 

fftt 

K 

Fig.  U.    Mocfification  of  Flan  Shown  la  Fig.  1 

Fig.  1a  !s  a  modification  of  the  plan  shown  in  Fig.  1,  and  b  a  great  fanpfove- 
ment.    It  will  not  pioduce  such  even  illumination  but  will  result  in  a  much  man 
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artistic  effect,  especially  if  fixtures  are  chosen  which. harmonize  with  the  fur- 
nishings of  the  room.  The  lamps  are  placed  in  groups  of  four  on  ten  fixtures 
and  these  are  equally  spaced 
throughout  the  room.  Here 
again  it  is  always  possible  to 
use  lamps  of  higher  wattage 
at  any  point  where  the  illu- 
mination is  not  sufiident. 
The  importance  of  a  proper 
choice  of  reflector  is  shown 
from  a  study  of  Figs.  2  to 
6.*  It  will  be  noted  in  Fig. 
2  how  a  bare  tungsten-lamp 
throws  the  greater  part  of 
its  light  to  the  walls.  The 
distribution  of  any  light  can  be  controlled  to  a  remarkable  extent  by  the  use 


Distributioo  of  Candle-power  about  a  Bare 
Tungsten  Lamp 


Fig.  3.    Holophane  Reflector.    Extensive      Fig.  4.    Holophane  Reflector.    Intensive 
Distribution  of  Light  Distribution  of  Light 


of  the  proper  reflector.    Figs.  3  to  5  show  how  the  several  types  of  Holophane 
reflectors  distribute  the  Ught. 


*  Furnished  by  E.  B.  Rowe,  of  the  Holophane  Works. 
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Fig.  6. 


Holophane  Reflector.    Focusing 
Effect  on  Light 


Fig.  6.  Example  of  Type  of  Fixture 
Used  in  Semiindirect  System.  Mac- 
beth-Evans Company 

Indirect  or  Semiindirect  SyBtems,  for  Electricity 


Watts  per  sq  ft 

Total  watts 

Average  spacing 

Select  25/2 

Number  of  units  !n  row 

Spacing  in  row 

iVpe  of  reflector 

Dbtance  from  reflector  to  c^ing 

Number  of  units 

Watts  per  unit 

Lamps  per  unit 


-  i.S  (Table  HI) 
*  2  400,  nearly 

-  14  to  24  ft  (Table  VI)* 
«  14  ft  for  lamps  in  two  rows 
-i  63/12.S  -  five 

-  63/5  ■■  12  ft  7  in,  about 

-  Conoentrating  (Table  VI) 

-  30  in  (Table  VI) 
-i  two  rows  of  five  each  ■>  ten 
■■  2  400/10  ■■  240 

-  one,  250  watts 
four,  60  watts 
sue,  40  watts 

Caknlatioiis  for  this  Example  for  Gas-Lichting 
Welsbach  kinetic  burner  used. 

Cu  ft  per  hour  per  sq  f t  =  0.06  x  0.6  -  0.036  (Table  HI) 

Total  hourly  consumption         -  63  x  25  x  0.036  -  57  cu  ft  per  hour. 
Average  spacing  (see  above)     -  12H  ft 
Number  of  units  «  ten  . 

Consumption  per  unit «  s7/io«>  6 
Reflector  and  mounting-height  as  in  preceding  problem 
Lamps  per  unit  -  one,  6  cu  f  t 
Lamps  per  unit  -  two,  3  cu  f  t,  etc. 

*  See  How  to  Use  Table  VI,  immediatdy  f oUowing^he  Table. 
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TiUe  VL    For  Detennining  Number  of  Ceiljas-Ontleto,  Tjrpe  of 
and  the  Distance  from  Top  of  Reflector  to  CeiUag  for 
Indirect  and  Semiindirect  Lighting* 


Reflector 


Distribating    . 
Concentiating. 

Distributing    . 
Concentrating. 

Distributing    . 
Concentrating. 

Distributing    . 
Concentrating. 


42 


One  side  of  the  limiting  sqt 
nated  from  one  center  outlet 


Table  VI  gives  the  disUnce  in  inches  (except  as  noted)  from  the  top  of  the  reflector  to 
the  ceiUng  to  obtain  the  desired  distributioo  of  light  from  one  ceiling-outlet. 

Where  values  are  not  given  to  the  left,  it  m  advisable  to  submit  data  to  illuminating 
fng^«***fft  and  for  greater  ceiling-heights  than  ao  ft. 

•  H.  B.  Wheeler,  X-Ray  Eye-Comfort  Company. 
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An  idea  of  the  appearance  of  some  of  the  typical  modern  fixtures  using  gas 
or  electricity  in  these  systems  of  lighting  may  be  obtained  from  FigL  6,  7 
and  8. 


Fig.  7.  Type  of  Fixture  in  Indirect 
nhimination.  N&tiooal  X-Ray 
Reflector  Company 


Fig.  8.  Fixture  Used  for  Gas  by 
Either  Indirect  or  Semiindiract 
System 


How  to  Use  Table  VI.  In  the  first  column  of  Table  VI  b  located  the  height 
of  ceiling,  in  this  case,  13  ft.  The  last  square  to  the  right  of  this  figure,  which 
has  a  number  in  it,  is  noted.  In  this  case  the  last  square  to  the  right  of  13  ft, 
which  has  a  number  in  it,  contains  the  number  48.  By  following  this  column 
containing  the  number  48  down  to  the  figiues  printed  in  heavy  type  at  the  bottom 
of  the  table,  the  heavy-faced  number  in  thb  case  is  found  to  be  24.  This  24  is 
the  length  of  the  side  of  the  largest  square  which  a  single  fixture  can  properly  illu- 
minate when  the  ceiling  is  13  ft  high.  The  48  which  is  opposite  the  13  is  merely 
the  number  of  inches  the  fixture  must  be  hung  from  the  ceiling.  Thus  the 
largest  squares  into  which  we  can  possibly  divide  the  ceiling  have  24-ft  sides. 
But  a  room  25  ft  wide  eannot  be  divided  into  24-ft  squares.  We  are  compelled, 
therefore,  to  divide  it  into  squares  of  a  smaller  size,  since  the  fixtures  will  not 
illuminate  any  larger  square.  The  greatest  length  into  which  we  can  divide 
25  ft  is  i2V^  ft.  We  may,  then,  decide  to  use  fixtures  which  will  illuminate  14ft 
squares.  Locate  the  number  14  in  heavy  type  at  bottom  of  table,  and  trace  up 
the  column  in  which  it  is  found  until  the  square  is  reached  which  is  opposite  the 
ceiling-height  of  13  ft.  Here  the  number  30  is  found.  This  means  we  must 
hang  the  fixture  so  that  the  top  of  it  is  30  in  from  the  ceiling  in  order  to  get  the 
desired  results.  Looking  along  the  squares  to  the  right  of  the  one  in  which  we 
find  the  30,  we  find  the  word  concentrating,  which  signifies  the  type  of  reflector 
advised  for  this  installation. 
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Sdiool-Room  Lighting.*  The  followiog  illumination-constants  have  been 
worked  out  by  experiments  and  experience  covering  a  wide  range  of  conditions. 
In  each  of  the  folbwing  cases  light  tinted  walls  and  ceilings  are  taken  as  a 
standard. 

Aoditorinnw  and  Lectnre-Halls.  Since  no  continuous  reading  is  required  here, 
0.75  watt  per  sq  ft,  direct  system,  *is  all  that  is  needed,  if  it  is  properiy 
diffuvid  to  a  pleasant  softness. 

ClasB-Rooms  and  LaboimleriM.  These  must  be  lighted  for  the  purpose  of  writ- 
ing notes  and  taking  accurate  readings  of  instruments.  Thus  i  W  watts  per  sq  ft, 
direct  system,  are  required. 

Wood-WorUng  Shops.  The  surfaces  here  are  generally  high  and  offer  good 
reflecting  properties,  so  that  iH  watts  per  sq  ft,  direct  ssrstem,  are  sufficient. 

ICachine-ShopB.  Because  the  belts,  machines  and  dingy  floors  offer  great 
absorbing  surfaces  at  least  2  watts  per  sq  f t,  direct  system,  are  necessary. 

FoondriM.  The  dark  molding-sand  and  the  dust  and  smoke  in  the  air  make 
3  watts  per  sq  ft,  direct  system,  necessary. 

DfaftiAg-Rooms.  The  semiindirect  system  with  2\i  watts  per  sq  f t  (about 
the  equivalent  ot  iH  watts  per  sq  ft,  direct  system)  has  proved  highly  satis- 
factory. 

ninmination  by  Gas.t  Recent  progress  in  incandescent  ga»-l]ghting  has 
resulted  in  the  development  of  appliances  in  which  pncticatty  all  of  the  short- 
comings of  previous  types  are  overcome,  and  except  for  inaccessible  locations, 
or  where  lamps  are  very  infrequently  lighted,  there  is  little  to  choose  between  the 
two  illuminants,  gas  and  electricity,  upon  the  score  of  convenience  or  of  artistic 
possibilities,  while  the  greater  economy  of  gas-lighting  (often  in  the  ratio  of  about 
3^^  to  i)  coupled  with  the  freedom  from  interruption  which  characterises  gas- 
service  makes  it  desirable  to  pipe  all  buildings,  particularly  residences,  for  gas 
throughout,  preferably  installing  combination-fixtures  and  providing  wall-out- 
lets and  baseboard-outlets  for  the  connection  of  the  various  ga»<»peiated  con- 
veniences which  are  being  developed  in  rapidly  increasing  numbers. 


Welsbach  Kineflc^Bumer  Lamps  fWith  Nearest  BquiTalent  Sises   in   Electric 
Incandescent  Lamps 


Lamps 


Mazda 

watts 


Nitrogen-filled 
Mazda  (Type  C)  I 
watts  < 


1  mantle 

2  mantles 

3  mantles 

4  mantles 

5  mantles 

6  mantles 
8  mantles 

10  mantles 


a.5cuft 

5.0CUH 
7.S  cu  ft 
xo.o  cu  ft 

12.$  cu  ft 

15.0  cu  ft 
so.ocuft 

3S.0  Ctt  ft 


per  hour., 
per  hour., 
per  hour., 
per  hour., 
per  hour., 
per  hour., 
per  hour., 
per  hour.. 


two.  40 
ISO 

250 

six,  40 
400 
SCO 


Soo 
750 


Gas-Lampa  are  available  in  a  variety  of  types  and  sises.  The  most  recent 
development  b  the  kinetic  burner  of  the  Welsbach  Company  in  which  the 
efficiency  is  increased  by  from  50%  to  xoo%  over  the  previous  types.  With 
this  burner  no  enclosing  glassware  or  housings  are  required,  and  the  lamp  is  said 

*  A.  L.  Wfllistoo.  t  R.  F.  Pierce,  Webbach  Compaoy. . 
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to  require  no  attention  beyond  the  renewal  of  mantles  every  2  000  bummg- 
bours.  There  is  practically  no  depredation  in  candle-power  during  this  interval. 
Ignition  is  accomplished  either  by  a  pilot-flame  burning  about  Ho  cu  ft  per  hour, 
or  by  electrical  means,  and  several  types  of  distant  control  are  available.  The 
following  table  gives  the  sixes  in  which  these  lamps  may  be  obtained  and  the 
nearest  equivalent  aiaes  in  electric  incandescent  lamps* 

Selection  of  fllnminenti 

(i)  Factors  favorable  to  the  use  of  electricity: 
Units  less  than  60  candle-power  required. 
Lamps  in  inaccessible  positions. 
Lamps  lighted  at  infrequent  intervab. 
tiamps  placed  very  close  to  ceiling  (12  in  or  less). 
Poor  gas  service  as  regards: 

Pressure-regulation  (more  than  50%  variation  from  minimum). 

Non-uniformity  of  gas-quality. 

Imperfect  purification. 
Good  electric  service  as  regards: 

Voltage-regulation. 

Freedom  from  liability  to  derangement  by  accident. 
Non-rigid  fixtures, 
(a)  Factors  favorable  to  the  use  of  gas: 
Units  of  60  candle-power  or  more. 
Accessible  locations. 
Frequent  use  of  lamps. 
Lamps  placed  15  in  or  more  from  celling. 
Good  gas  service  as  regards: 

Pressure-regulation  (not  more  than  50%  variation  from  minimum). 

Uniformity  of  gas-quality  (chemical  composition). 

Proper  purification. 
Poor  electric  service  as  regards: 

Voltage-regulation  (more  than  5%  variation  from  maximum)  most 
likely  on  alternating-current  circuits. 

Liability  to  derangement  by  acddent  (overhead  circuits). 

Rigid  fixtures. 

Hygiene.*  From  the  hygienic  point  of  view  there  is  little  to  choose  between 
the  two  illuminants.  The  investigations  of  Dr.  Rideal  have  shown  that :  ( i )  Gas- 
light positively  improves  the  air  for  breathing  purposes  tmder  the  actual  condi- 
tions of  use.  The  causes  of  thb  improvement  are  the  acceleration  of  ventila- 
tion, the  destruction  of  disease-germs  and  the  addition  of  necessary  mmsture. 
Gas-burners  give  rise  to  stronger  air-currents  and  invariably  produce  a  more 
active  ventilation  and  di£fusion  of  air  than  dectric  lights;  hence,  along  with 
the  products  of  the  gas-burner,  the  exhalations  of  persons  present  are  more 
rapidly  removed;  (3)  The  ascending  currents  of  air  from  the  gas-Ughts  on 
reaching  the  ceilings  rapidly  part  with  their  heat,  which  is  conducted  away  by 
the  rafters  and  joists;  (3)  The  electric  lamps  produce  more  heat  than  is  com- 
monly accredited  to  them,  and  this  is  the  explanation  of  the  unexpected  result 
that  the  average  temperature  of  the  room  is  practically  the  same  under  other  il- 
luminant,  and  that  the  electric  light  does  not  show  the  superiority  in  coolness 
usually  claimed.    When  excessive  temperatures  are  encountered  in  gas-lighted 

*  See  Relative  Hygienic  Values  of  Gas  and'  Electric  Lighting,  by  Samuel  Rideal,  Trans- 
actiona  Royal  SaniUuy  Institute,  March,  2908.  ^  i 
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rooma,  it  will  be  found  due  to  the  radiant  heat  from  low-hung  lamps  of  ex~ 
cessive  size.  On  account  of  the  economy  of  gas-lighting,  it  is  a  common  prac 
lice  to  provide  from  four  to  •six  times  as  much  illumination  as  is  required' 
Dr.  Rideal's  tests  also  emphasized,  what  is  a  matter  of  common  experience, 
that  under  direct  lighting,  the  lower  brilliancy  of  the  gaa-mantle  reduced  the 
glare  from  glazed  papers  to  such  an  extent  as  to  be  noticeable  in  the  results: 
"The  sensitiveness  of  the  eye  to  light  as  measured  in  the  perception- test  dimin- 
ished very  markedly  after  exposure  to  the  electric  light,  while  no  corresponding 
effect  is  noticeable  after  the  eye  has  been  subjected  to  gaslight.  All  the  results 
point  strongly  in  the  same  direction,  namely,  that  gaslight,  as  used  in  these 
experiments,  is  less  fatiguing  to  the  eye  than  electric  light."  Under  semi- 
indirect  or  indirect  lighting,  of  course,  no  such  disparity  in  effect  is  found. 
The  Foregoing  Rules  Indicate  the  General  Practica  in  planning  the  illu- 
mination of  a  room.  It  must  be  said,  however,  that  this  set  of  rules  must  not  be 
followed  too  slavishly.  In  iUumination  no  rules  can  take  the  place  of  judgment 
and  intelligence.  Each  project  must  be  considered  more  or  less  as  a  problem  by 
itself,  for  which  previous  experience  and  former  installations  should  be  made  to 
furnish  data  and  to  suggest  methods.  It  is  well,  therefore,  when  planning  the 
illumination  of  a  room,  to  visit  as  many  similar  rooms  as  possible,  note  the  effect 
of  the  systems  in  use  and  obtain  data  as  to  their  efficiency,  cost,  etc.  The  most 
successful  scheme  may  then  be  used  as  the  basis  for  planning  the  desired  instal- 


The  Diffttfiion  of  Light  through  Windows  * 

Tests  on  the  Diffnslon  of  light  by  Glass.  Abstracts  from  report  of 
Charles  L.  Norton,  on  an  elaborate  series  of  tests  made  at  the  Massachusetts  In- 
stitute of  Technology  :t  The  results  of  the  tests  on  a  score  or  more  of  different 
glasses  may  be  stated  briefly.  We  may  increase  the  light  in  a  room  30  ft  or 
more  deep  to  from  three  to  fifteen  times  its  present  effect  by  using  factory- 
siBBED  GLASS  instead  of  plane  glass  in  the  upper  sashes.  By  using  prisms 
we  may,  under  certain  conditions,  increase  the  effective  light  to  fifty  times  its 
present  strength.  The  gain  in  effective  light  on  substituting  ribbed  glass  or 
prisms  for  plane  glass  is  much  greater  when  the  sky-angle  is  small,  as  in  the  case 
of  windows  opening  upon  light-shafts  or  narrow  alleys.  The  increase  in  the 
strength  of  the  light  directly  opposite  a  window  in  which  ribbed  glass  or 
prisms  have  been  substituted  for  plane  glass  is  at  times  such  as  to  light  a  desk  or 
table  50  ft  from  the  window  better  than  one  20  ft  from  the  window  had  pre- 
viously been  lighted. 

The  Kinds  of  Glass  Tested  were  as  follows: 

(i)  Ground  glass  of  different  degrees  of  fineness. 

(2)  Rough  plate  or  hammered  glass. 

(3)  Ribbed  or  corrugated  glass,  with  five,  and  eleven  and  twenty-one  .ribs  to 
the  inch,  the  corrugations  being  sinusoidal  in  outline,  as  in  ^4,  Fig.  9,  and  the 
back  of  the  plate  smooth. 

(4)  Glass  known  as  maze,  Florentine  or  FiGxntED,  in  which  a  raised  pattern 
is  worked  Upon  one  side,  practically  roughening  the  whole  surface. 

(s)  Wash-board  glass,  corrugated,  with  twenty-one  ribs  to  the  inch  on  one 
side  and  five  ribs  to  the  inch  on  the  other  side,  the  ribs  being  parallel. 

(6)  Skylight-glass,  which  has  five  ribs  to  the  inch  on  each  side,  the  groove  on 
one  side  beuig  opposite  the  rib  on  the  other,  giving  a  sinuous  section  B,  Fig.  9. 

*  See,  abo,  the  subjects  Piewed  Prism-Plate  Glass  and  Prism  Glass,  Part  UI.  pages 
149X  to  1493. 
t  From  Report  No.  UI,  Insurance  Knginrering  Experiment  SutioD,  SQ>tember,  1903. 
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Fig.  0.    Types  of  Ribbed  or  Prism-gbas 


(7)  Ripple^laas,  with  rippled  surfaces  on  botb  sides;  of  very  beautiful  ^ipear- 
ance  and  a  dear  white  color. 

(8)  Glass  ribbed  on  one  side  and  figured  on  the  other. 

(9)  Ribbed  glass  with  a  wire  net  pressed  into  it,  to  increase  its  resistance  to  Are. 
Of  these  several  specimens,  one  or  two  may  be  dismissed  with  brief  mention. 

Ground  glass  is  of  little  valuer  except  as  a  softening  medium  for  bright  sunlisht. 

Its  rapidly  increasing  opaqtiencss 
with  moisture  and  dust  makes  it 
undesirable  as  a  window-glass. 
The  common  rough  plate  has  very 
little  action  as  a  diff  using-mcdiuxn, 
giving  no  perceptible  change  in 
the  effective  light.  Rippk-glass 
has  great  value  as  a  diffusing- 
medium  in  small  rooms  with 
nearly  open  horizon.  Of  the  ribbed 
glasses,  the  fine  Factory-Ribbed, 
with  twenty-one  ribs  to  the  inch, 
is  distinctly  the  best,  not  in  all 
probability  because  of  the  fine- 
ness* but  because  of  the  greater 
sharpness  of  the  coirugations. 
The  Ribbed  wire-glass  is  about  20%  less  effective  than  the  ordinary  Factory- 
Ribbed  glass.  The  addition  of  a  second  corrugation  upon  the  back  of  the  pla.te 
giving  the  Skylight  and  Wash-Board  glass  is  of  no  appaxent  value.  The  raised 
pattern  imprinted  upon  one  surface  of  the  glass,  as  in  the  case  of  the  Maze 
glass,  gives  the  widest  diffusion,  especially  in  bright  sunlight.  A  raised  figure, 
when  worked  upon  the  back  of  the  Ribbed  glass,  renders  it  less  offensive  to  the 
eye  in  bright  sunlight,  but  less  effective  in  deep  rooms.  The  only  glasses  of 
this  group  which  it  is  worth  while,  then,  to  discuss  further  are  the  Factocy- 
Ribbed  and  the  Maze  glass. 
The  second  group  comprises  the  following  glasses: 
(i)  The  Luzfer  prisms.  « 

(3)  The  Solar  prisms. 

(3)  The  Daylight-prisms. 

(4)  The  glass  of  prismatic  section  made  by  the  Mississippi  Glass  Cooqwny. 

(5)  Three-way  prisms. 

(6)  Maltby  prisms. 

The  Luxf  er  prism  consists  of  a  plate  smooth  on  one  side  and  deeply  notched 
on  the  other  as  in  C,  Fig.  9,  the  teeth  or  prisms  being  of  very  fiat,  smooth 
faces  of  brilliant  appearance.  The  glass  is  dear  white,  and  the  prisms  used  in 
canopies  and  in  the  major  part  of  the  vertical  glazing  are  made  in  tiles  or  platen 
about  4  in  square.  Tiles  are  built  up  in  large  sheets  in  frames  of  copper  or  brass, 
so  made  as  to  give  to  the  sheets  of  tiles  a  strength  and  durability  far  in  excess 
of  a  single  sheet  of  the  same  size.  The  Luxfer  prisms  arc  made  for  factor>'- 
use  in  large  sheets,  as  well  as  in  the  small  tiles.  The  Solar  prisms  are  made  in 
small  tiles,  which  are  held  together  in  a  metal  frame  to  make  large  sheets.  The 
main  difference  between  the  Solar  and  Luxfer  prisms  is  that  the  under  face  of  the 
former  prism  b  curved  instead  of  plane,  as  in  D,  Fig.  0.  The  Daylight-prisms 
tested  were  made  in  large  sheets  and  of  approximatdy  the  same  cross-section  and 
general  appearance  as  the  Luxfer  prisms  for  factory-use.  No  tiles  of  Daylight- 
prisms  were  tested,  as  none  came  to  hand  in  time  for  the  test.  The  Misassippi 
prism  glass  is  much  like  the  other  pnsms  in  cross-aection,  but  the  lidges  or 
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Ribbed    and 


prisms  do  not  run  across  the  plate  in  a  straight  line,  but  in  a  wavy  or  sinuous  line. 
Ko  advantage  adsing  from  this  over  the  straight-edge  prism  was  detected. 

Condasums.     (i)  The  conditions  in  a  room  less. than  15  ft  deep  are  such 
that,  ezc^t  with  a  skylight  of  less  than  45"*,  it  is  not  advisable  to  alter  the  general 
course  of  the  light  by  using  a  prismatic  or  ribbed  glass.    A  nearly  hemiq>herical 
diffusion,  such  as  is  given  by  the 
Maze  or  Ripple-glass,  is  ordi-  • 
narily  preferable. 

(2)  When  a  room  is  from  20 
to  60  ft  deepp  or  even  more,  and 
his  a  skylight  of  60^  or  less,  the 
ribbed  and  prismatic  glass  results 
in  a  very  great  gain  in  effective  ^ 
light.  The  gain  in  brilliancy  is 
such  as  to  make  a  basement  with 
prism-canopies  as  light  as  a 
second  story  with  plane  glass. 

Rooms  with  windows  opening 
upon  light-shafts  and  narrow  Fig.  10. 
alleys  with  very  limited  openings 
to  the  sky,  where  the  available 
light  is  now  small,  may  have  the  light  20  ft  back  from  the  window  increased  ten 
or  twenty  times  by  using  prisms;  and,  by  using  canopies  of  prisms,  it  is  some- 
times possible  to  strengthen  the  light  fifty  to  one  hundred  times.  With  sky- 
angles  of  30°,  or  less,  and  in  deep  rooms,  the  relative  efficiency  of  the  prism 
tile  increases  greatly.  The  refraction  of  the  incident  ray  in  a  case  of  the  ribbed 
ghiss  and  prism  is  shown  in  Fig.  10.  Ribbed 
and  maze  glass  are  of  very  great  value  in 
softening  the  light,  especially  in  the  case  of 
such  windows  as  are  exposed  to  the  direct 
sun,  aside  from  their  effectiveness  in  strength- 
ening the  light  at  distant  points.  With 
the  Maze  glass,  the  artist  may  have,  in  all 
weather  and  in  all  directions,  what  is  in  effect 
a  much-desired  north  ught.  The  photog- 
rapher may  have  in  this  way  as  well  diffused 
a  light  as  he  now  has  with  cloth  screens  or 
shades,  and  with  a  much  greater  intensity. 
To  be  efficient  in  rooms  20  ft  deep  or  more, 
ribbed  glass  should  be  set  with  its  ribs  hori- 
zontal, and  where  the  simlight  falls  upon  it,  it 
should  be  provided  with  thin  white  shades. 
All  inferences  drawn  from  the  test  are  made 
upon  the  assumption  that  the  windows 
are  to  be  glazed  with  diffusing  glass  only 
in  the  upper  half,  which  is  the  conmion 
practice.  If  the  lower  sash  is  to  be  glazed 
as  well,   a   further  increase  of  about   25%   may   be 


Fig.  11.    Basement  and  First  Story 
lighted  from  Court 


with  diffusing  glass 
expected. 

Considering  both  expense  and  efficiency,  the  following  general  suggestions  are 
given:  Use  Maze  or  Ripple-glass  in  small  rooms  or  offices  not  more  than  1 5  or  20  ft 
deep;  use  Factory-Ribbed  glass  in  rooms  from  30  to  50  ft  deep,  with  sky-angles  of 
60°  or  more;  use  prisms  or  Factory-Ribbed  glass,  in  sheets,  in  all  vertical  win- 
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dows  in  rooms  more  than  from  50  to  60  ft  deep,  with  sky-aogle  of  leas  than  45^. 
With  a  sky-angle  of  less  than  $0"  use  prisms  in  canopies.  Fig.  11  shows  an 
effective  method  of  lighting  the  basement  and  first  story  where  the  light  must 
come  from  a  court. 

Reference  Booke  on  Illumination 

Practical  Illumination,  1907.    Cravath  and*  Lansingh. 

Art  of  Illumination,  1902.    Louis  Bell. 

Electrical  lUimiinating  Engineering,  1908.    Barrows. 

Light,  Visible  and  Invisible.    Sylvanus  Thompson. 

American  Practice  of  Gas-Lighting.    \V.  P.  Gerhard. 

Color  Values.    C.  R.  Clifford. 

Radiation,  Light  and  Illumination,  1909.    C.  P.  Steinmeta. 

Illumination  and  Photometry,  1910.    Wickenden. 

Electric-Lamps,  1908.    Maurice  Solomon. 

Illumination,  its  Distribution  and  Measurement,  1910.    Alex.  Pelhan  Trotter. 

Photometric  Measurements,  1904.    W.  M.  Stine. 

Proceedings  and  Transactions  of  Illuminating  Engineering  Sodcty. 

Proceedings  and  Transactions  of  American  Institute  of  Electrical  Elnglnecn. 

Proceedings  and  Transactions  of  National  Electric  light  Assodatioo. 

Proceedings  and  Transactions  of  American  Gas  Institute. 

The  Illuminating  Engineer  (New  York). 
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of  the  London  Illuminating  Engineering  Society. 
Foster's  Engineers'  Pocket-Book,  1908. 
Standard  Handbook  for  Electrical  Engineers,  1908. 
Engineering  Section,  Holophane  No.  2  Data  Book. 

Bulletins  of  the  Engineering  Department,  National  Electric  Lamp  Aaaodation. 
Bulletins  of  the  General  Electric  Company. 
Tungsten  Illumination,  1910.    Westinghouse  Company. 
The  Electrical  Solicitor's  Handbook,  1910.    National  Electric  Light  Assodi- 

tion. 
Gas  Solicitor's  Handbook,  19 10.    Wdsbach  Company. 
Factory  Lighting,  C.  E.  Clewell. 
American  Electricians'  Handbook,  Terrell  Croft. 
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ELECmC  WORK  FOB  BUILDDf  GS 

By 
W.  H.  TIMBIE 

or  AFPUBD  8CZBMCB  DEPARTMENT,   WUIl'WOItlH  UMHTOIE 

General  Coniideratlone  and  Definitions.  Electrical  energy  is  now  in  com- 
mon uae,  fumifihing  power,  heat  and  light,  operating  bells  and  buzsers,  and 
transmitting  messages  by  telephone  and  telegraph.  In  order  to  accomplish 
these  results,  a  current  of  electricity  must  flow  around  an  electric  circuit.  The 
nature  of  electricity  is  not  known,  but  the  flow  of  it  through  an  electric  circuit 
is  analogous  to  the  flow  of  water  through  a  system  of  pipes. 

Current.  Amperee.  The  flow  of  water  is  measured  in  oaux>M8  pee  secx>md. 
The  flow  of  electricity  is  measured  in  ampesbs.  An  ampere^ow  of  electricity 
b  analogous  to  a  ga]loi>-pep-secand  flow  of  water.  The  amperes  thus  indicate 
the  quantity  of  electricity  flowing  through  an  electrical  appliance  in  one  second. 
About  H  ampere  is  flowing  through  an  ordinary  carbon-filament  incandescent 
lamp  when  it  is  gbwing  at       . 

I 


E 


volta 


—A 


Fig.  1.    Cunent  Ahniys  fluws  from  <+)  to  (-) 


i6  candle-power.  The 
current  of  H  ampere  causes  a 
modem  tungsten  lamp  to  pro- 
duce over  40  candle-power. 
An  arc-lamp  usually  requires 
a  flow  of  frun  5  to  10  amperes. 
Pressore.  Volts.  When  a 
current  of  water  flows  from 
one  point  to  another  in  a  pipe- 
system,  it  is  always  because 
there  IS  a  hydrauHc  pressure 
present  causing  it  to  flow. 
This  pressure  is  usually  meas- 
ured in  pounds  per  square 
inch.  Similarly,  when  a .  cur- 
rent of  electricity  flows  from 
one  point  to  another  in  an 
electric  drcmt,  it  is  because  there  is  an  electric  pressure  present  winch 
causes  it  to  flow.  This  electric  pressure  is  measured  in  votTS.  An  electric 
pressure  of  i  volt  is  analoflous  to  a  hydraulic  pressure  of  i  lb  per  sq  in.  The 
pressure  which  causes  the  H-ampere  current  to  flow  through  an  incandescent 
lamp  is  usually  110  vohs.  The  electric  company  instals  at  least  two  wires  in  a 
residence  and  then  maintains  an  electric  pressure  of  no  volts  between  them 
just  as  the  water  company  maintains  a  pressure  in  the  water-pipes.  This 
electric  pressure  is  at  all  times  tending  to  force  electtidty  from  one  mxt  to  the 
other  wire  across  the  space  between  the  two  wires,  just  as  the  water-pressure 
tends  to  force  the  water  out  from  the  pipe.  The  rubber  insulation  is  put  on  to 
prevent  this  flow,  very  much  as  the  strength  and  compactness  of  the  iron  pre- 
vents the  flow  of  water  through  the  walls  of  the  pipe.  But  when  one  terminal 
of  a  lamp  is  connected  to  one  wire  and  the  other  terminal  to  the  other  wire,  the 
electric  pressure  tending  to  send  a  current  from  one  wire  to  the  other,  sends  a 
current  through  the  lamp  and  causes  it  to  glow.    We  mark  the  wire  bringing  the 
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current  to  the  lamp  (+).  The  wire  taking  the  current  away,  we  maik  (~). 
Thus  in  Fig.  1,  i{  the  current  comes  in  on  the  wire  marked  (x),  this  wire  is  ( +) 
and  the  wire  (y)  is  ( -).  A  pressure  of  x  xo  volts  is  maintained  which  tends  to 
cause  a  cunrent  to  flow  across  from  the  wire  (x)  to  the  wire  (y).  No  current  can 
flow,  however,  unless  some  path  b  afforded  between  the  two  wires.  For  in- 
stance, no  current  is  flowing  through  lamp  Ia,  because  the  open  switch  A  makes 
a  gap  across  which  the  current  cannot  pass.  Switch  B,  however,  is  ckised,  thus 
allowing  the  pressure  to  force  a  current  from  the  wire  (x)  through  the  lamp 
Lt  to  the  wire  (y)  and  back  into  the  street-mains.  Of  course  the  electric  com- 
pany maintains  the  i  lo-volt  pressure  between  the  wires  (x)  and  (y)  whether  any 
current  is  drawn  from  the  vriia  or  not,  just  as  a  water  company  maintains  the 
pressure  in  the  water-mains  whether  any  water  b  drawn  from  the  pipes  or  not. 
RetiitABce.  Ohms.  The  fact  that  a  current  of  only  H  ampere  flows  through 
an  incandescent  lamp  when  a  pressure  of  no  volts  b  applied  to  it,  b  due  to  the 
RESISTANCE  of  the  fine  filament.  Thb  resistance  of  the  filament  b  analogous 
to  the  resbtance  which  a  pipe  of  amah  bore  offers  to  the  flow  of  water.  The 
resbtance  of  an  electrical  appliance  b  merely  the  ratio  of  the  pressure  to  the 
current  which  that  pressure  can  force  through  it.    As  an  equation,  it  b  expressed 

pressure 

Resbtance 

current 

When  the  pressure  is  measured  in  volts  and  the  current  in  amperes,  the  re- 
sbtance b  then  in  ohms.    Thus 

_.  volts 

Ohms- 

amperes 

Thus,  since  a  pressure  of  no  volts  forces  H  ampere  through  an  ordinary  in- 
candescent lamp,  the  resistance  of  the  lamp  is  iio/^ »  S20  ohms. 

Ohm'a  Law.  Thb  relatbn  between  pressure,  current  and  resistance  b  called 
Ohm's  law.    It  b  written  in  symbob  in  the  three  forms 

E'-IR 
I'E/R 
where 

R  *  resbtance  in  ohms; 
£  «>  pressure  in  volts; 
/  *  current  in  amperes. 

Example.    An  electric  flat-iron  has  a  resbtance  of  35  ohms.    What  current 
will  flow  through  it  when  it  is  put  across  a  no-volt  circuit? 
/  «•  E/R  •>  110/35  *  3-H  amperes 


^e.    An  electric  toaster  takes  x^i  amperes  when  on  a  115-voU  circuit. 
What  resistance  does  it  have? 

R  »  E/I »  115/1.5  *  76.6  ohms 

Insulatoni  and  Conductors.  In  order  that  practically  no  current  may 
leak  from  one  wire  to  the  other,  the  wires  are  covered  with  rubber.  Thb  rubber 
covering  offers  such  high  resistance  to  the  flow  of  an  electric  current  that,  al- 
though two  wires  may  lie  very  close  to  one  another  with  only  thb  rubber  b^ 
tween  them,  practically  no  current  leaks  through  the  rubber  from  one  wire  to 
the  other.  Materials  such  as  rubber,  glass,  porcelain,  dry  wood,  etc.,  have  this 
resbting  property  and  are  said  to  be  msuLAToas.  Metals,  on  the  other  hand, 
-'^er  very  little  resisUnce  to  the  flow  of  an  electric  current  and  are  caHkd  com- 
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bDCidifl.  A  coppor  wire  Ho  in  in  diameter  has  a  restotaace  of  onty  Hooo 
of  an  ohm  per  foot.  Accordingly,  because  of  their  low  resistance,  copper  wires 
are  generaUy  used  to  cany  electric  cuirents,  and  beotuse  of  its  high  resistance, 
rubber  is  generally  used  as  a  covering  of  the  copper  wires  to  prevent  leakage 
from  one  wire  to  another.  Wire,  approved  by  the  National  Board  of  Fire  Under- 
writers and  installed  according  to  their  rules^  will  have  the  proper  insulating 
covering  for  each  installation. 

Power.  Watts.  The  flow  of  an  electric  current  has  been  likened  to  the  flow 
of  water  through  a  pipe.  A  current  of  water  b  measured  by  the  number  of 
gallons,  or  {wunds,  flowing  per  minute;  a  current  of  dectridty  is  measured  by 
the  number  of  amperes.  The  power  required  to  keep  a  current  of  water  flowing 
is  the  product  of  the  current  in  pocni>s  per  uanm  by  the  head,  or  pressure, 
in  FEET.  This  gives  the  power  in  PooT-roUNx>6  pek  minitte.  To  reduce  to 
horse-power,  it  is  necessary  merely  to  divide  by  33  000.    Thus 

(pounds  per  minute)  x  (feet) 

-  horse-power 

33000 

In  exactly  the  same  way,  the  power  required  to  keep  a  current  of  electricity 
flowing  is  the  product  of  the  current  in  amperes  by  the  pressure  in  volts. 
This  gives  the  power  in  watts. 

Watts  «  amperes  x  volts 

The  term  watt  is  merely  a  unit  of  power,  and  denotes  the  power  used  when 
one  volt  causes  one  ampere  of  current  to  flow.  The  watts  consumed  when  any 
given  current  flows  under  any  pressure  can  always  be  found  by  multiplying  the 
current  in  amperes  by  the  pressure  in  volts.  Thus,  if  an  incandescent  lamp 
takes  0.5  ampere  when  bumfaig  on  a  no-volt  line,  the  power  consumed  equals 

0.5  X  xxo«55  watts 
That  is, 

Power  »  current  x  pressure 
or 

Watts  -  amperes  x  volts 

Bzample.  What  power  is  consumed  by  a  motor  which  runs  on  a  330-volt 
circuit,  if  it  takes  4  amperes? 

Watts  >•  amperes  X  volts  *  4  X  220 
Power  «*  880  watts 

Incandescent  lamps  are  rated  as  to  the  voltage  of  the  fine  on  which  they  can 
run,  and  also  as  to  the  amount  of  electric  power  it  takes  to  keep  them  gbwing. 
Thus,  a  carbon-filament  lamp  may  be  ratecT  as  a  no-volt,  50-watt  lamp.  A 
tungsten-lamp  may  be  rated  as  a  i  xo-volt,  25-watt  lamp.  This  means  that  both 
lamps  are  intended  to  run  on  a  i  xo-volt  circuit,  but  that  it  takes  twice  as  much 
power  to  keep  the  carbon-fihunent  lamp  glowing  as  it  does  to  keep  the  tungsten- 
lamp  gbwing. 

The  Powar-Bquatlon.    The  above  relation  between  volts,  amperes  and 
watts  is  usually  expressed  in  the  form  of  an  equation: 
P-/£ 
/-P/JS 

je-p// 

where 

P  -  power  in  watts; 
/  «  current  in  amperes; 
£*  pressure  in  volts. 
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Bxamplt.  What  current  does  a  40*watt  tungitoa-Ianip  take  when  nmniiig  on 
a  X15-V0U  circuit? 

/  •■  PfR  m  40/iis  •"  0.267  ampoe 

Power.  Kilowatt  and  Horse-Power.  Because  the  watt  is  so  small  a  unit 
of  power,  being  only  0.74  ft-lb  per  second,  a  larger  unit,  the  kilowatt,  is  gener- 
ally used  in  connection  with  machines,  etc. 

I  kilowatt «  1 000  watts  «•  jVi  hoise-powcr 

Thus  a  motor  drawing  10  amperes  from  a  aao-volt  line  would  take  10  x  2^- 
2  soo  watts  •-  2  aoo/i  000  ■•2.2  kilovnttts. 

At  80%  efficiency  this  motor  would  give  out  80%  of  2.2  ^^  x.76  kilowatts" 
X.76X  iVi»  2)^  horse-power. 

Horse-Power-Hour.  KHowatt-Hour.  When  a  man  buys  mechanical 
power  to  run  machinery,  he  has  to  pay  not  only  according  to  the  horse-power 
he  uses  but  also  according  to  the  number  of  hours  he  uses  the  power.  For  in- 
stance, he  may  use  40  horse-power  for  z  hour  and  pay  $1.20  for  it,  that  is,  at 
the  rate  of  3  cts  for  each  horse-power-hour.  If  he  uses  40  horse-power  for 
2  hours  he  would  have  to  pay  twice  as  much,  because  he  has  used  the  same 
power  twice  as  long.  Another  way  of  stating  the  same  fact  is  to  say  that 
he  used  twice  as  many  horse-power-hours.  For  in  the  first  instance  he  used 
40  X  I,  or  40  horse-power-hours,  and  in  the  second  40  X  2,  or  80  horse-power- 
hours.  In  other  words,  he  did  twice  as  much  work  in  the  second  case  as  he 
did  in  the  first,  or  received  twice  as  much  energy.  The  imit  of  work  or  energy, 
then,  is  the  horsb-pow£:r-houk,  and  is  the  work  done  in  i  hour  by  a  i-horse- 
power  machine. 

Xaunple.  How  much  work  is  done  by  a  marhinn  delivering  15  h.p.  when  it 
is  run  for  8  hours? 

I  h.p.  in  I  hr  does    i  h.p.-hr 
15  h.p.  in  I  hr  docs  15  h.p.-hr 
15  h.p.  in  8  hr  does  8  x  15,  or  120  h.p.-hr 
That  is 

Work "-  horse-power  x  hours 
or 

15x8-  i2oh.p.-hr 

Sunilarly,  electric  power  is  sold  by  the  iui/>WATT-BOitt.  This  unit  is  the  work 
or  energy  delivered  in  one  hour  by  a  i -kilowatt  machine. 

For  lighting  purposes  electrical  energy  is  usually  sold  for  from  10  to  15  cts  per 
kilowatt-hour.  Thus  at  12  cts  per  kw-hr  the  monthly  bill  for  burning  a  40-watt 
lamp  on  an  average  of  5  hours  per  day  would  be  computed  as  follows: 

For  I  month  of  30  days  the  lamp  is  burning 

30  X  5  "  150  hours 
To  use  a  40-watt  lamp  150  hours  consumes 

40  X  ISO  «  6  000  watt»houre  «  6  ooo/i  ooo  »  4  kilowatt-hoiiri 
At  12  cts  per  kw-hr,  6  kw-hr  cost 

6  X  12  - 10.72 

An  instrument  called  a  xilowatt-bour  mei^k  is  placed  in  each  house  to  meas- 
ure the  number  of  kilowatt-hours  which  each  customer  consumes.  See  Fig.  13 
for  diagram  of  installation. 

Heating-Effect  of  Current  An  electric  current  always  heats  the  material 
through  which  it  passes.    Examines  of  this  are  the  inosndcsccnt  lamp,  in  which 
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the  current  heats  the  fine  tungsten  wire  until  it  glows;  the  dectiic  hesteisfor 
chafing-dishes,  toasters,  etc.  Even  the  wires  canying  the  cunent  to  and  from 
the  lamps  are  heated  by  the  passage  of  the  cuirent  through  them.  But  slnoe  the 
heating  effect  for  a  given  current  is  directly  proportional  to  the  resistance  of 
the  conductor,  and  the  conductors  always  have  very  tittle  resistance,  the  heat- 
ing here  is  very  slight  indeed.  If  conductors  of  smaller  size,  and  therefore  of 
a  higher  resbtance,  were  used,  the  heating  would  be  very  pronounced;  in  fact, 
it  would  soften  the  rubber  insulation  and  might  even  produce  a  temperature  high 
enough  to  set  fire  to  the  building.  For  this  reason  The  National  Board  of 
Fire  Underwriters  issues  a  table  specifying  the  sixe  of  wire  which  must  be  used 
for  each  amount  of  current.  If  smaller  wire  is  used,  the  resistance  of  it  might 
be  great  enough  to  raise  the  temperature  to  a  dangerous  degree.  On  the  other 
hand,  if  a  greater  current  than  allowed  by  this  table  is  sent  over  the  wire,  the 
temperature  will  also  rise,  because  the  hatting  of  a  current  is  also  directly  pro- 
portional to  the  SQUARE  or  the  cuerent.  Thus,  doubling  the  current  which  a 
certain  wire  is  carrying  will  quadruple  the  amount  of  heat  which  the  wire  must 
radiate.    For  this  Tables  III  and  IV,  see  pages  1587  and  1388. 

FuMa  and  Cireuit-Breakera.  Use  is  made  of  the  heating  effect  of  a  cunent 
to  protect  a  circuit  against  too  much  current,  veiy  much  as  a  boiler  b  pro- 
tected by  a  safety-valve  against  too  much  pressure.  A  small  piece  of  fusible 
metal,  generally  a  mixture  of  lead  and  bismuth,  is  inserted  in  the  circuit  in  such 
a  way  that  all  the  current  which  passes  through  the  circuit  must  also  pass  through 


Fig.  3.    Endosed  Fuse 

this  piece  of  metal.  This  device  is  called  a  fuse.  Any  current  which  would  be 
dangerous  to  the  circuit  melts  this  fuse,  opens  the  circuit  at  this  point,  and  thus 
protects  the  rest  of  the  circuit  from  the  effects  of  the  current.  The  cause  of 
the  large  current  may  be  then  removed  and  a  new  fuse  inserted  in  place  of  the 
old  one.  Cikcuit-breaeees  are  also  used  to  protect  a  circuit  against  too  much 
current.  They  are  automatic  switches  controlled  by  an  electro-magnet  and 
are  made  in  a  variety  of  styles.  They  operate  upon  the  principle  that  when 
an  electric  current  passes  through  a  coil  of  wire  it  makes  a  magnet  of  the  coil. 
The  coil  is  so  adjusted  that  when  a  current  of  a  certain  number  of  amperes 
passes  through  it,  it  attracts  to  itself  a  small  piece  of  iron.  The  motion  of  this 
piece  of  iron  opens  the  circuit.  Fuses  and  drcuit-breakers  are  thus  autdmatic 
SAFETY-DEVICES  required  for  the  protection  of  all  constant-potential  systems 
whatever  the  voltage.  Both  are  for  the  purpose  of  protecting  the  wires  from 
damage  due  to  the  presence  of  too  much  current  from  any  cause  whatever. 
The  ordinary  fuse  consists  of  a  porcelain  base  that  has  suitable  terminals  for 
inserting  a  fuse  between  the  ends  of  a  wire.  It  must  be  constructed  so  that  the 
blowing  out  of  a  fuse  can  do  no  damage,  that  is,  set  anything  on  fire,  and  placed 
where  it  can  easily  be  reached  to  replace  the  fuse.  Formerly  a  piece  of  f use-wire^ 
called  a  unk-fuse,  was  used  in  cut-outs,  but  the  underwriters  now  require  en- 
dosed  fuses  (Fig.  2)  or  fusible  plugs  which  screw  into  a  receptade.     Fuse- 
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plugs  may  be  used  lor  cuncQta  up  to  30  amperes;  above  that  enclosed  fuses 
must'be  used.  Fuse-plugs  and  enclosed  fuses  are  somewhat  more  expensive 
than  the  link-fuse,  but  are  considered  safer.  A  fuse  cut-out  or  cixctjit- 
BREAKEa  is  required  at  or  near  the  place  where  the  wires  enter  a  building*  and 
every  drcuit  of  twelve  i6-c.p.  carbon-Ughts  or  of  sixteen  40-watt  timgsten-Ughts 
must  be  protected  by  a  cut-out.  Circuit-breakers  are  more  expensive  than 
fusible  cut-outs,  and  are  generally  used  only  on  switchboards  for  large  in- 
stallations and  where  it  is  desirable  to  open  the  circuit  instantly  on  certain 
loads,  which  a  fuse  cannot  be  depended  on  to  do  with  any  degree  of  accuracy, 
owing  to  both  time  and  surrounding  temperature-factors.  Circuit-breakers  are 
also  used  largely  on  installations  where  the  variation  in  load  is  large  and  fre- 
quent and  the  repeated  burning  out  of  fuse  would  become  expensive  not  only 
for  renewals  but  also  on  account  of  the  time  required  to  replace  them. 

Lamps.  Two  kinds  of  lamps  are  used  for  electric  fighting,  incandescekt 
LAMPS  and  ARC-LAMPS.  The  former  are  used  principally  for  interior  illuminatian. 
although  sometimes  used  for  street-lighting,  especially  where  the  streets  are 
thickly  shaded  by  trees.  Arc-lamps  are  especially  adapted  for  street-lighting 
and  for  large  interiors  where  they  can  be  kept  concealed  or  above  the  range  of 
the  eye,  as  in  railway-stations,  stores,  etc.  An  incandescent  lamp  as  com- 
monly made  consists  of  a  glass  bulb  containing  a  simple  carbon  or  a  tungsten 
conductor  the  ends  of  which  are  connected  to  the  source  of  the  electric  current. 
When  the  current  flows  through  the  filament  it  heats  it  to  such  a  degree  that  it 
becomes  incandescent;  hence  the  name  of  the  lamp.  The  lamps  with  the  fila- 
ment of  finely-drawn  tungsten  represent  the  latest  type  and  are  superior  in 
every  way  to  those  having  a  carbon  filament.  Tungsten-lamps  require  about 
one-third  as  much  power  to  produce  the  same  candle-iwwer  as  carbon-lamps, 
and  have  a  much  longer  life. 

Voltages.  In  order  that  the  current  shall  cause  the  lamp  to  give  its  rated 
CANDLE-POWER,  it  must  be  designed  for  the  voltage  at  which  the  system  is  run. 
If  the  voltage  of  the  current  is  much  greater  than  that  for  which  the  lamp  is 
designed  it  will  quickly  bum  out  the  filament,  while  if  the  voltage  of  the  current 
is  below  that  of  the  lamp,  it  will  not  give  its  rated  candle-power,  a  voltage  lo^c 
lower  reducing  the  candle-power  about  one-half.  The  voltage  commonly  used 
for  tungsten-lamps  is  from  xoo  to  130.  Tungsten-lamps  are  also  made  for  volt- 
ages of  from  20  to  260.  Two  to  four  candle-power  lamps,  for  illuminating 
signs  or  decorative  puriwses,  are  made  for  from  xo  to  13  volts  by  H-voIt 
steps,  these  lamps  being  conunonly  used  in  series,  ten  lamps  on  a  100  to  130- 
volt  circuit.  Two  5-watt  lamps,  50  volts,  are  also  often  used  in  series  on  a 
loo-volt  circuit. 

Candle-Power.  Incandescent  lamps  of  from  100  to  130  volts  are  commonly 
made  15,  so,  25,  40,  60,  100,  150,  250,  400  and  500  watts.  These  lamps  average 
I  candle-power  for  every  i.i  watts.  For  the  method  of  oomputing  the  number, 
size  and  distribution  of  tungsten-lamps  for  illuminating  a  given  room  see  pages 
1390  and  1391. 

Arc-LampB.  These  are  of  two  kinds,  oiCN  asc-lamps  and  enclosed  arc- 
lamps,  the  latter  being  generally  used  for  interior  iUumination.  The  light  from 
the  enclosed  arc  b  much  softer  and  steadier  than  that  from  the  old-style  open 
arc;  there  are  no  sparks,  and  the  life  of  the  carbon  is  from  twdve  to  fifteen 
times  as  great  as  in  the  open  arc 

''  Direct-Current  Open  Arcs  usually  require  about  10  amperes  at  45 
volts,  or  4SO  watts.  The  range  of  voltage  is  from  42  to  52  for  ordinary  con- 
stant-current arcs.    The  most  satisfactory  light  is  given  by  from  45  to  47  volts. 
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Arc-lights  used  for  stereopdcon-lantems  may  use  as  high  as  25  amperes  and 
provision  should  always  be  made  in  the  wiring-plans  for  such  a  light  for  suffi- 
ciently large  wires  to  be  installed  to  cany  one  and  one-half  times  this  current. 

*'  Direct-Current  Enclosed  Arcs  consume  about  5  amperes  at  80  volts,  or 
400  watts."  Arc-lamps  generally  require  a  resistance  in  series  with  the  arc 
in  order  to  regulate  properly.  TUs  resistance  is  usually  placed  within  the  struc- 
ture of  the  lamp,  and  may  be  so  adjusted  that  a  single  lamp  can  be  made  to 
bum  weU  on  any  circuit  from  100  to  130  volts. 

Dynsmo-EIectric  Machines.  There  are  three  classes  of  dynamo-electric 
machines: 

(i)  Generators  for  generating  an  electric  current. 

(2)  MoTOKS  for  converting  electrical  into  mechanical  energy. 

(3)  Transformers  and  rotary  converters. 

{a)  Transformers  for  converting  one  voltage  into  a  higher  or  lower 
voltage.    Converters  and  transformers  belong  to  the  same  class. 

(b)  Rotary  converters  for  changing  alternating  currents  to  direct 
currents  or  vice  versa. 

A  DYNAMO  is  either  a  motor  or  a  generator.  A  motor  is  the  same  machine  as 
a  generator,  but  with  the  nature  of  its  operation  reversed.  Generators  are 
of  two  general  classes,  namely,  continuous-current  and  alternating-current 
machines;  the  latter  are  commonly  called  alternators.  Generators  and 
motors  of  all  kinds  vary  in  voltage,  current  and  speed,  according  to  the  pur- 
pose for  which  they  are  designed.  A  transformer  consists  essentially  of  two 
coils  of  wire,  one  coarse  and  one  fine,  wound  upon  an  iron  core.  Its  function 
is  to  convert  electrical  energy  from  one  vohage  to  another.  If  it  reduces  the 
voltage  it  is  known  as  a  step-down  transformer,  and  if  it  raises  it,  it  is  known 
as  a  STEP-tTP  transformer.  A  transformer  has  no  moving  parts  and  requires  no 
attendant. 

Kinds  of  Currents  Produced.  There  are  two  kinds  of  electrical  currents 
commonly  used  for  light  and  power  in  buildings,  (i)  direct  cxtrrents,  and  (2) 
alternating  currents. 

"A  direct  current  is  uniform  in  strength  and  direction,  while  an  alternating 
current  rapidly  rises  from  zero  to  a  maximum,  falls  to  zero,  reverses  its  direction* 
attains  a  nuiximum  in  the  new  direction  and  again  returns  to  zero.  A  complete 
set  of  these  changes  is  called  a  cycle.  The  number  of  times  the  current  goes 
through  these  changes  during  each  second  is  called  the  frequency  of  the  current. 
The  frequency  commonly  used  for  incandescent  lighting  is  60  cycles  per 
second;  that  is,  the  current  goes  through  the  above  changes  in  value  60  times 
per  second.  A  frequency  of  25  cycles  is  also  in  common  use,  especially  for  run- 
ning motors,  although  it  is  not  so  satisfactory  for  use  with  incandescent  lights. 
If  a  direct  current  is  Hkened  to  the  steady  flow  of  water  through  a  pipe-system, 
an  alternating  current  may  be  likened  to  the  rapid  surging  back  and  forth  of 
water  in  a  pipe-system.  More  difficulty  was  experienced  in  utilizing  these  rapid 
surges  of  electricity  than  in  developing  direct-current  apparatus.  Consequently 
the  use  of  the  alternating  current  was  retarded  but  is  now  becoming  general. 
The  advantages  of  alternating  over  direct  currents  are:  (i)  Greater  simplicity 
of  dsmamos  and  motors,  no  commutators  being  required  in  some  types;  (2)  the 
feasibility  of  obtaining  high  voltages  by  means  of  transformers  for  cheapening 
the  cost  of  transmission;  (3)  the  facility  of  transforming  from  one  voltage  to 
another,  either  higher  or  lower,  for  different  purposes. "  * 


Kent,  page  X388. 
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power 

Amperes  on 
1 10- volt  line 

Amperes  on 
aao-volt  line 
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iio-volt  line 
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a20-volt  line 
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6o 
75 
8& 

100 

•    i86 

322 

a6o 
296 

93 

XII 

.u» 

185 

220 

m 

3ia 

366         1 
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The  current  taken  by  single-phase  alternating-current  motors  can  be  foudd 
by  noting  the  current  taken  by  a  direct'Current  motor  of  the  same  sixe  and  volt- 
age, and  dividing  this  current  by  the  power^lactor  of  the  alternating-current 
motor.  To  find  the  current  taken  by  each  terminal  of  a  three-wire,  three-phase 
altemadng-current  motor,  divide  the  current  taken  by  a  single-phase  alternat- 
ing-current motor  of  the  same  size  and  voltage  by  1.73. 

Bxunple.  What  current  is  taken  by  a  5-horse-power,  alternating-current, 
320-volt,  induction-motor  of  80%  power-factor? 

Sohitioin.  A  s^hone-power,  direct-current,  220-volt  motor  takes  ao  amperes. 
A  single-phase,  s-honie-power,  220-volt  motor  of  8q%  power-factor  takes  20/ .80 
•-  asampere*. 

Blectric-Lightixig  Systems  Commonly  Used  for  Supplyiag  the 
Electrical  Energy  to  Lamps 

Plrect-Cwrent,  Constant-Potential  Systems.  The  systems  most  used 
in  America  are: 

(i)  Two-wire  system  largely  used  for  incandescent  lighting  from  small 
plants^  as  for  a  Urge  office-building  or  factory.  It  is  usually  operated  at  1 10 
volts. 

(2)  TmiEE-wiRE  SYSTEM  used  in  small  towns  for  the  lighting  of  buildings  from 
the  public  mains,  usually  operated  at  330  volts.  Also  in  large  cities  with  under- 
ground conduit-system.    See  pages  1380  to  1382. 

Five-wire  and  seven-wire  systems  with  high  voltage  have  been  used  in 
Europe,  but  very  little  in  America. 

Alternating-Current,  Constant-Potential  Systems.  There  are  two  sys- 
tems: 

(i)  Simole-phase  system.  Current  transmitted  to  building  at  from  i  ooo  to 
3  000  volts  and  reduced  to  from  50  to  no  volts  by  a  transformer.  The  terai 
PHASE  is  used  in  connection  with  alternating-current  systems  only  in  the  sense 
of  cacutr.  Thus  a  single-phase  system  means  an  alternating-current  ^steni 
sending  out  power  from  one  circuit  only  of  the  generator.  A  tfaree-phaae  ssrsten 
hss  three  circuits. 

(2)  Tbeee-pbase  SY8ZKM.  Three  or  four  wires  are  used.  This  system  is 
most  used  for  lighting  from  public  plants,  principally  because  it  enables  both 
lights  and  motors  to  be  operated  from  the  public  dynamo  and  is  the  most  econom- 
ical in  wire.  (See  Table  I.)  Both  of  these  systems  are  used  for  incandescent 
lighting  and  for  power  from  central  stations.  For  a  comparison  of  a  three- 
"■are  direct  current  with  a  three-phase,  three-wire  altemaUog  current,  see  pages 
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138^3.  An  altemfttiiig  current  may  be  chaiiged  to  »  direct  cujrent  at  •  sub- 
station by  a  rotary  converter  or  by  a  mercury-arc  rectifier.  The  latter  is  very 
seoeraUy  used  in  garages  in  order  to  convert  an  alternating  current  into  a  direct 
current  for  charging  storage- 
batteries. 

Metbpda  of  Coantictiiig 
Lamps.  There  are  three  ways 
of  connecting  lamps  to  the  dis- 
tribution-wires: (i)  in  series; 
(2)  in  parallel;  and  (3)  in 
parallel  series. 

(1)  Lamps  in  Series. 
Lamps  are  said  to  be  connected 
in  series  when  they  are  arranged 
one  after  the  other,  so  that 
the  same  current  flows  through 
all  the  lamps.    The  most  com- 


uo     uo     uo     110     uo 


voltk 


Fig.  3.    Five  Lamps  fai  Series  on  a  sSo-Volt  Line. 
Each  Lamp  has  a  Voltage  of  zxo  Volts  Acrgw  It 


mon  example  of  this  system  is  the  lighting  of  electric  cars  and  the  stations  on 
an  electric-railway  fine.  The  voltage  of  such  fines  is  usually  5$o  volts.  Since 
the  ordinary  mcandescent  lamp  requires  but  no  volts,  five  of  these  are  placed 
in  series  as  in  Fig.  3.  Each  lamp  now  has  a  pressure  of  iie  volts  across  it,  and 
the  set  of  five  lamps  requires  550  volts  across  it,  and  so 
can  be  placed  across  the  railway  supply-wires.  When 
lamps  are  arranged  in  series  the  total  resistance  of  the 
circuit  is  the  sum  of  the  resistances  of  the  several  parts, 
and  the  voltage  required  to  force  the  current  tiirough  a 
number  of  lamps  in  series  is  the  sum  of  the  voltages 
required  for  the  separate  lamps.  Thus  tlie  voltage 
required  to  supply  the  proper  current  for  four  ss-volt 
lamps  b4  X  53  ^  aoS  vdts.  Asc-lamps  lor  street-fighting 
are  often  connected  in  scries^  but  incandescent  lamps  are 
very  seldom  connected  in  series  except  aa  described  above 
or  for  decorative  purposes  or  electric  signs.  Where  lamps 
of  low  voltage,  as  in  signs,  etc.,  are  used  on  no-volt 
systems  it  b  necessary  to  connect  them  in'  series.  The 
underwriters  do  not  approve  connecting  incandescent 
lamps  in  series.  The  series  system  requires  that  the  same 
current  flow  through  each  lamp,  and  if  one  lamp  burns 
out  the  circuit  is  broken  and  all  of  the  lamps  will  go  out, 
unless  some  provision  is  made  for  maintaining  the  circuit 
around  the  dead  Uonps. 

(s)  Lamps  in  Parsllel.  This  Is  the  common  method 
of  connecting  incandescent  lamps.  It  is  illustrated  in 
Fig.  4.  With  this  system  the  pressure  in  each  Ump  is  the 
same  as  in  the  distributing  lines,  and  any  lamp  may  be 
turaed  on  or  off  without  affecting  the  other  lamps.  For 
this  ^stem  the  pressure  or  voltage  must  be  kept  con- 
stant, while  the  current  or  quantity  of  electricity  flow- 
ing in  the  fines  will  depend  upon  the  number  of  lamps  that  are  burning. 
Thus  with  twelve  i6-candle-power  lamps  of  -no  voltage  on  a  parallel  drciut, 
esch  lamp  requiring  0.51  ampere  when  aU  the  lamps  are  burning,  a  current  o{ 
6.19  amperes,  or  673.2*  watts,  will  be  r^uired.  With  but  one  lamp  burning, 
*  Watts  bdng  equal  to  aaperBi  times  voltage. 
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a  current  of  only  o.$i  ampere  will  flow.  The  voltage,  however,  must  be  the 
same  for  one  lamp  as  for  the  twelve.  For  lamps  in  parallel,  therefore,  a  oon- 
STANT-POTENTIAL  System  is  required.  The  current  for  lamps  in  parallel  may 
be  turned  on  or  off  at  the  lamp,  or  a  switch-loop  nuiy  be  run  any  distance 
and  the  contact  made  by  a  switch  (5)  as  for  the  lower  lamp  (Fig.  4). 

is)  LAmpB  in  Parallel  Series.    This  method  b  a  combination  of  the  other 
two.    Parallel  lines  are  run  as  in  the  parallel  system,  but  two  or  more  lamps 
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Fig.  6. 


Lamps  In  Psnllel  Series 


Fig.  8.    Lamps  in  PanDd  Series 


are  connected  in  series  between  them  as  in  Figs.  5  and  6.  This  method  of  con- 
necting lamps  is  used  prindpaily  in  places  where  it  is  desired  to  operate  lamps 
on  a  power  system.  Fig.  5  shows  a  series  of  five  lamps  operated  on  a  500-volt 
system  and  Fig.  6  a  series  of  two  himps  on  a  320-volt  ^stem  using  ixo-volt 
lamps.    Any  number  of  series  may  be  connected  across  the  mains,  each  series 

being  independent  of  the 
others.  But  in  each 
series  if  one  light  bums 
out,  the  others  in  the 
same  series  will  be  ose- 
)es8»  and  one  lamp  akme 
cannot  be  used.  The 
sum  of  the  voltages  of 
the  lamps  in  series  must 
be  approximately  equal 
to  the  voltage  between 


Fig.  7.  The  Three-wire  Edison  System.  920  Volts 
Between  Outside  Wires;  Only  xio  VoUs  Between  Either 
Outside  Wire  and  Neutral  Wiie 


the  mains.    There  are  a  number  of  special  cases  in  which  this  method  of 
connection  may  be  used. 

The  Bdxaon  Three-Wire  System.  Figs.  4,  5  and  6  are  examples  of  the 
two-wire  system  of  distribution,  which  is  the  system  recommended  for  average- 
sized  office-buildings,  apartment-houses,  theaters  and  stores.  Where  power 
for  motors  is  to  be  taken  from  the  same  plant  as  the  lighting  current,  and  where 
the  power  is  not  too  great  a  portion  of  the  caparity  of  the  installation,  this  two- 
wire  system  may  also  be  used.  Separate  mains,  however,  should  under  all  cir- 
cumstances be  run  for  the  motors,  as  the  variation  in  load  and,  consequently, 
the  current-demand  on  the  mains  would  cause  a  very  appiedable  fluctuatioa  in 
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candle-power  of  the  lamps,  if  on  the  same  mains  with  the  motoxs.    Where  com- 
paratively long  lines  are  required  and  the  amount  of  current  to  be  supplied  is 


D.  denotes  Dynamo 
CO.      »»        Cutout 
L.      »»        Xiomp 
M,      *'       Motor 
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Fig.  8.    Example  of  Three-wire  System  of  Wiring 

large  the  thkee-wire  system  b  used.  By  thb  system  two  voltages  or  pressures 
can  be  supplied,  no  and  220  volts  being  those  generally  adopted,  the  no- volt 
circuit  supplying  the  arc  and 
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incandescent  lights  azid  the 
32o-volt  circuit  the  motors. 
Fig.  7  shows  how  the  wires 
are  run  and  connections 
made.  The  pressure  between 
the  two  outside  wires  is  the 
full  voltage  transmitted  from 
the  generator,  usually  320 
volts  for  interior  wiring. 
The  current  in  these  two 
wires  flows  in  opposite  direc- 
tions. The  middle  wire, 
called  the  neutrai  wire, 
forms  one  side  of  two  cir- 
cuits, the  current  from  one 
circuit  tending  to  flow  in 
one  direction  and  that  from 
the  other  circuit  in  the  oppo- 
site direction;  consequently 
when  currents  of  the  same 
strength,  in  amperes,  are 
flowing  in  both  circuits  they 
neutralize  each  other  in  the 
middle  wire  and  there  will 
be  no  current  flowing  in  this 
wire.  With  a  current  of  10  amperes  flowing  in  one  circuit  and  one  of  6 
junperet  b  the  other  circuit,  the  current  flowing  in  the  neuti^wire  will  b^  ' 
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Fig.  9.  The  Wiring  of  a  Cabmet.  Showing  How  to 
Divide  a  Three-wire  System  into  Six  Two-wire  Cir- 
ciiits.  Three  Circuits  to  Each  Leg 
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Fig. 


•Co  8UMi  Mains 
10.    Thxee-wire  System,  Aljternating  Cur- 
rent.    Compare  with  Fig.  11 


amperes.    To  obtain  the  greatest  benefit  from  this  system,  it  should  always  be 
installed  so  that  there  will  be  nearly  the  same  Icuui  or  number  of  lamps  on  each 

side  of  the  neutral  wire.  Even 
then  there  will  be  times  when 
more  lamps  will  be  burning  on  one 
side  than  on  the  other,  so  that  it 
is  necessary  to  give  some  size  to 
the  neutral  wire.  The  neutral 
wire  is  seldom  made  less  than 
one-half  the  cross-section  of  the 
outer  wires.  For  dbtributing 
mams  in  buildings  carrying  lamps 
only,  the  neutral  wire  should  be 
of  the  SAMS  81ZB  as  the  outer 
wires.  From  Table  II  it  will  be 
seen  that  the  three-wire  system 
effects  a  considerable  saving  in 
copper,  amounting  to  fully  6o% 
of  the  ordinary  two-wire  iio-volt 
S3rstem.  As  a  rule,  in  supplying 
current  for  light  and  power  from 
one  plant,  the  main  wires  only  are 
arranged  on  the  three-wire  S3rstcm 
and  the  distributing  wires  are  run 
on  the  two-wire  system  as  in  Fig.  8.  When  using  the  three-wire  system  for 
lighting  only,  the  three  wires  are  usually  run  no  farther  within  the  building 
than  to  the  centers  of  distribu- 
tion, and  from  these  centers 
two  wires  are  run  for  each  dr- 
cuit,  the  circuits  being  divided 
as  equally  as  possible  on  the 
two  sides  of  the  three-wire 
system  as  shown  by  Fig.  0. 
Three-wire  mains  are  now  very 
commonly  used  where  the  cur- 
rent exceeds  loo  amperes. 
When  motors  are  operated 
from  the  three^re  S3rstem  they 
are  usually  connected  only  to 
the  outside  wires.  Motors 
used  .on  three-wire  incandes- 
cent-lighting systems  should 
be  woimd  for  220  volts. 

Compftriaon  of  the  Throe- 
Phase  and  Three- Wire  Edi- 
son Systems.  The  wiring  for 
the  Edison  three-wire  direct- 
current  system  is  the  same  as 
that  for  the  three-wire,  three- 
phase  alternating-current  sys- 
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To 
Fig.  11.    Threei)hase,  Three-wire  System,  Direct 
CuncBt.    Compare  with  Fig.  10 

tem,  the  only  difference  being  that  the  voltage  between  aky  two  wises  of 
8  three-phase  system  is  the  same.  Thus  in  Fig.  10  which  represents  a  three- 
wiret  thceo-pbase  system  the  voltage  between  the  wires  A  and  B  (phase  No.  i) 
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18  xxo  volts;  between  B  and  C  (phase  No.  a)  is  zxo  volts;  and  between  A 
and  C  (phase  No.  3)  is  no  volts.  But  in  Fig.  11,  which  represents  a  three- 
wire  direct-current  ^stem,  in  which  the  voltage  across  A  and  B,  and  B  and 
C,  is  no  voltsy  the  voltage  across  A  and  C  is  aao  volts  or  twice  that  across 
either  leg. 

Table  IL*    JRelative  Weight  of  Copper  Required  in  Different  Systems  for 
Bqval  BffectiTe  Voltage 


Direct-current,  ordinary  two-wire  system 

Direct-current,  three-wire  system,  all  wires  of  same  sixe . 
Direct-current,  three-wire  system,  neutral,  one-half  size.. 

Alternating-current,  single-phase  two- wire  system 

Three-phase  three-wiie , 

Three-phase  four-wire 


1. 000 

0.37S 
0.313 
1. 000 
0.750 
0.333 
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Wire-Gauges.  As  the  diameter  of  wires  Is  ordinarily  designated  by  the  num- 
ber of  a  wire-gauge,  and  as  there  are  a  number  of  wire-gauges  in  common  use, 
some  knowledge  of  those  used  for  copper  wire  is  necessary.  The  Brown  &  Sharpe, 
or  B.  &  S.,  gauge  (see  page  1388)  is  almost  exclusively  used  in  America  in  connec-  . 
tion  with  electrical  work,  except  where  the  size  of  the  wure  is  designated  m  cir- 
cular mils.  The  sizes  of  wire  given  by  this  gauge  range  from  No.  0000  (0.46  in) 
to  No.  40  (0.0031  in),  but  No.  14  is  the  smallest  size  permitted  for  interior  wiring. 
The  No.  JO  wire  has  a  diameter  of  about  Ho  in  and  its  resistance  per  i  000  ft 
is  very  nearly  i  ohm.  For  any  given  number  of  this  gauge  a  wire  three  numbers 
higher  has  very  nearly  half  the  cross-section,  and  one  three  numbers  lower  has 
twice  the  cross-section;  thus  a  No.  13  wire  has  very  nearly  one-half  the  cross- 
section  of  a  No.  10  wire,  and  a  No.  7  has  twice  the  cross-section  of  a  No.  xo, 
or  four  times  that  of  a  No.  13. 

The  Circular-Mil  1^e*Gauge.  This  gauge  was  designed  by  the  engmeer- 
ing  department  of  the  Edison  Company  esped^y  for  the  designation  of  copper 
wire  for  electrical  work,  and  b  now  in  general  use  in  this  country.  In  practice 
the  B.  &  S.  gauge  is  commonly  used  for  designating  wires  up  to  No.  o  or  No.  00, 
and  all  wires  above  that  size  are  designated  by  circular  mib  (cm.).  The  size 
of  wire  required  is  often  determined  in  circular  mils  and  designated  by  the  corre- 
sponding B.  &  S.  gauge-number,  which  is  readily  done  by  means  of  Table  HI, 
psge  13S7.  Copper  wire  is  sold  by  the  poimd  if  bare  or  of  the  numerous 
weather-proof  varieties,  but  rubber«oovered  wire  is  sold  by  the  x  000  ft. 

The  basis  of  the  circular-mil  gauge  is  the  area  of  a  wire  Hooo  in  in  diameter 
(i  mil  ■■  oxx>i  in);  consequently,  i  cm.  >■  0.0000007854  sq  in.  As  the  areas  of 
circles  vary  as^the  squares  of  their  diameters,  it  follows  that  the  sectional  area 
of  a  wire  2  mils  in  diameter  —  4  cm.,  of  a  wire  10  mils  in  diameter  100  cm.,  and 
soon. 

When  wires  are  designated  by  circular  mils,  the  SEcnONAL  asea  and  not  the 
diameter  is  generally  given,  cm.  alwa3rs  referring  to  sectional  area.  The  diam- 
eter of  a  wire  in  uas  os.  in  thousandths  oy  an  Inch  »  square  root  of  its  area 

In  CniCDIAR  MILS.' 

Thus  the  diameter  of  a  wire  of  3  600  cm.  -  60  mils,  or  ojo6o  in. 

The  diameter  of  a  wire  14  400  cm.  >  x2o  mils  «  0.12  iiL 

The  area  of  a  wire  0.162  in  in  diameter,  or  162  mils,  «-  i6a*  ->  26  244  c jn. 
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To  rtdnce  drcular  mils  to  tqnaro  inelMS.  Multiply  by  7  654  and  pobt  off 
ten  places  of  decimals.    Thus,  5  000  cm.  -  7  8S4  x  5  000  -  0.0039270000  aq  in. 

To  obtain  tiio  aactioaal  aroa  of  a  sqoare  or  rectangular  bar  in  drcolar  mUa. 
Multiply  together  its  dimensions  in  mils  and  the  product  by  1.273. 

What  is  the  sectional  area  in  circular  mils  of  a  bar  M  in  x  M  in? 
H  in  •  0.125  in  -  125  mils,  H  m  -  0.250  b  -*  350  mils;    125  x 
250  X  1.273  -  39781-25  cm. 

The  weight  of  bare  copper  wire  per  i  000  ft »  cm.  x  0.003027  lb.  Thus  the 
weight  of  I  000  ft  of  copper  wire  having  a  sectional  area  of  2  000  cm.  >-  0.003027 
X  2  000  a  6.054  lb.  Table  IV,  page  1388,  gives  the  dimensions  and  weights  of 
bare  copper  wire  from  No.  18  to  No.  0000  B.  &  S. 

Carrying  Capacity  of  Copper  Wire.  The  safe  carrying  capacity  of  copper 
wire  for  interior  wiring  is  practically  fixed  by  the  underwriters,  and  if  the  ca- 
padty-limits  given  in  the  table  published  by  them  are  exceeded  it  would  tend 
to  destroy  the  right  to  recover  insurance  in  case  of  fire.  The  safe  carrying 
capacity  of  rubber-covered  and  weather-proof  wires  given  by  the  National 
Board  of  Fire  Underwriters  is  shown  by  Table  III,  page  1387.  The  lower  am- 
pere-capadty  assigned  to  rubber-covered  wires  is  due  to  the  fact  that  the 
rubber  insulation  would  deteriorate  in  quality  under  a  temperature  as  high 
as  that  allowed  for  weather-proof  wire;  that  is,  the  rubber  covering  makes 
necessary  a  lower  rate  of  heat-development  than  is  required  for  safety  from  fire. 
No  wire  smaller  than  No.  14  may  be  used  under  insurance-rules,  except  that 
No.  16  may  be  used  for  flexible  cord  and  No.  iS  for  fixture-wiring.  Nos.  13, 
II,  9  and  7  are  not  usually  carried  in  stock  and  can  only  be  purchased  on 
special  order.  Rubber-covered  wire  must  be  used  for  service-wires,  for  mold- 
ing-work and  in  damp  pUces;  it  is  more  expensive  than  weather-proof  wire. 
The  latter  wire  may  be  used  in  open  or  exposed  places  and  for  outside 
line-wires. 

Drop  of  Potential.  When  an  electric  current  flows  through  a  wire  of  any 
appreciable  length  the  pressure  becomes  reduced  by  the  resistance  of  the  wire, 
so  that  if  the  current  enters  the  wire  at,  say.  no  volts,  at  the  extreme  end  of  the 
circuit  it  will  be  somewhat  less,  depending  upon  the  length  and  sectional  area  of 
the  wire.  This  loss  in  voltage  is  called  drop  or  potential.  Drop  of  potential 
corresponds  to  loss  or  read  in  hydraulics.  As  a  drop  of  voltage  materially 
below  that  for  which  the  lamps  are  designed  means  diminished  candle-power, 
it  is  very  important  that  the  wires  be  proporrioned  so  that  the  drop  shall  not  be 
sufficient  to  affect  the  illumination.  The  table  for  safe  carrying  capacity  for 
wires  has  nothing  to  do  with  the  drop  of  potential  which  these  currents  will 
cause  in  the  wires.  Accordingly,  mains  and  distributing  wires  may  be  capable 
of  carrying  the  number  of  amperes  m  accordance  with  Table  III,  page  1387, 
and  yet  cause  a  drop  of  potential  of  such  magnitude  that  the  most  distant  lamps 
will  bum  only  at  a  dull  red.  It  is  therefore  necessary,  in  computing  the  sixe  of 
these  mains  and  distributing  wires,  to  consider  two  things: 

(i)  That  the  wire  is  large  enough,  according  to  the  underwriters'  table, 
to  carry  the  current  safely. 

(2)  That  the  potential  drop  from  the  generator  to  the  farthest  lamp  shall 
not  be  excessive.  An  excessive  drop  in  voltage  also  means  increased  cost  for 
light  and  not  enough  copper  in  the  wires. 

Where  the  current  is  supplied  from  the  public  mains  it  is  usual  to  specify  a 
2%  drop,  but  where  the  current  is  produced  cheaply,  as  by  a  dynamo  on  the 
premises,  a  3%  or  5%  drop  may  be  alk>wed.  Not  more  than  a  5%  drop  on  short 
'^Htances  ahoukl  be  permitted,  even  where  veiy  cheap  work  is  desired.    The 
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drop  in  volts  (not  in  percentage)  ■-  current  in  line  x  resistance  of  line,  or  drop 
in  volts  ■-  amperes  x  ohms. 

Example.  What  will  be  the  drop  in  a  circuit  of  No.  14  copper  wire  380  ft 
long,  supplying  nine  lamps,  requiring  4.5  amperes? 

Solntion.  From  Table  V,  page  1389,  it  is  found  that  the  resistance  of  No. 
14  wire  is  2.527  ohms  per  i  000  ft;  hence  for  280  ft  it  will  be  2.527  x  0.280  — 
0.7075  ohm,  and  drop  in  volts  -  4.5  x  0.7075  -  3-1837  volts.  The  voltage  for 
this  current  (0.5  ampere  per  lamp)  will  be  about  no;  consequently  the  per- 
centage of  drop  >■  3.1837/110  >■  3Mo%,  nearly.  A  2%  drop  on  a  pressure  of 
110  volts  is  2.2  volts. 

Center  of  Dlitributioii.  The  meaning  of  this  term  may  best  be  illustrated 
by  an  example.    Let  Fig.  12  represent  a  circuit  carrying  six  lamps,  the  first 
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Fig.  12.    The  Point  D  is  the  Center  oC  the  Lampdiatributioo 


lamp  being  40  ft  from  the  cut-out,  or  source  of  supply.  The  whole  of  the  current 
must  be  transmitted  through  tUs  40  ft,  but  from  that  point  it  will  gradually 
fall  off,  and  the  average  current  will  only  extend  to  the  point  CD,  halfway  be- 
tween the  extreme  lamps.  Or,  in  other  words,  the  center  of  distribution  is 
analogous  to  the  center  of  gravity  of  the  lamps  on  the  circuit.  The  center  of 
distribution  detennincs  the  length  of  the  line  in  the  rules  for  finding  the  neces- 
sary size  of  wire. 

Diitributiiig  Centers  are  the  points  in  a  building  where  the  cut-out  cabmets 
are  located  and  the  branch  circuits  taken  off. 

CeleoUtlons  for  Size  of  Wit  for  Incandescent  Lighting.  The  sizes  of 
wires  for  interior  lighting  are  or  should  be  always  determined  on  a  basis  of  a  fixed 
drop  of  potential,  usually  2  volts  on  the  distributing  circuit  and  from  2  to  3 
volts  on  the  feeders  or  mains.*  The  size  of  wire  may  be  determined  either  in 
terms  of  its  sectional  area  in  circular  mils  or  in  terms  of  its  resistance  in  ohms 
per  I  000  ft.  Knowing  the  sectional  area  in  circular  miU,  one  may  find  the 
corresponding  gauge-number  from  Table  III,  page  1387,  or  if  the  resistance  in 
ohms  per  x  000  ft  is  known,  the  corresponding  gauge-number  may  be  foimd 
from  Table  IV,  page  1388.  ^      _ 

*  Many  munJripal  lighting  compaaies  require  that  there  shall  be  no  more  than  a% 
total  drop  in  the  wiring  for  interior  lighting. 
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The  formula  for  circular  mils  isas  IoUoivb: 

Circular  mils  « (i) 

V 

The  formula  for  resistance  per  i  ooo  ft  of  wire  is 

I  oooo 
Redstance-  r;^ r  (a) 

In  both  these  formulas  d  »  distance  in  feet,  one  way,  from  cut-out  to  center 
of  distribution  (see  page  1389)  for  distributing  wires,  or  from  entrance  cut-out 
or  source  of  current  to  distributing  center  for  main  lines  or  feeders,  c  —  current 
in  amperes  per  lamt.  i\r«  number  of  lamps  supplied.  v>*drop  ta  volts. 
Both  formulas  apply  to  any  voltage  and  to  any  two-wire  system.  To  uae  these 
formulas  for  the  ordinaiy  three-wire  ssrstem,  let  A'  -  maximum  number  of 
lamps  on  one  side  of  the  neutral  wire  and  double  the  drop  in  volts.  The 
neutral  or  middle  wire  should  be  of  the  same  siae  as  the  outside  wires. 

Baunple.  The  distance  from  the  cut-out  to  center  of  distribution  of  a  circuit 
carrying  sixteen  40-watt,  no-volt  lamps  is  50  ft.  What  sze  of  wire  should  be 
used  for  a  drop  of  2  volts? 

Solotioa.    i-  50;  iV»  16;  c>-  40/110 ->  0.364;  and  v-  2. 

By  Fonnula  (i), 

^.     ,        . ,       10.4  X  100  X  16  X  0.364 
Circular  mils  -  — ■•  3  030 

2 

Table  III,  page  1387,  shows  that  the  next  larger  size  of  wire  Is  4  107  cjn., 
equivalent  to  a  No.  14  wire. 
By  Formula  (2), 

T>    •  *  **.  looox  2 

Resistance  per  1 000  ft «  ; —  4.59 

12  X  0.364  x  xoo 

which  we  see  from  Table  FV,  page  1388,  is  about  the  resistance  of  a  No.  x6  wire; 
but  as  No.  14  is  the  smallest  wire  permitted  that  siae  must  be  used. 

Example.  The  distance  from  the  entrance  cut-out,  where  the  wires  enter  the 
building,  to  the  mam  distributing  center  of  a  building  b  100  ft.  The  total  num- 
ber of  x6*candle-power,  ixo-volt  carbon-lamps  supplied  is  niiieCy.  Wlttt  is 
the  size  of  the  mains  that  should  be  used  on  the  two-wire  system  with  a  drop 
of  2  volts?  (A  i6-candle-power  no- volt  carbon  lamp  takes  approximately 
0.51  ampere.) 

Soltttion.    i->  ioo;.i\r«"  90;  Ctt  0.51;  pa  a 
By  Formula  (1), 

Cbeuliirm&-i212<if?2<iS2i2ii  .^,^0 

In  Table  HI  it  is  seen  that  No.  3  wire  must  be  used.  If  a  drop  of  3  volts  is 
allowed  the  sectional  area  required  will  be  33  048  cm.,  which  requires  a  J^o.  $ 
wire.  The  weight  per  i  000  ft  of  No.  3  weather-proof  wae  (Table  IV)  is  200  lb 
and  of  No.  s  wire  125  lb;  consequently,  the  saving  in  weight  of  wire  by  using 
^  drop  of  3  volts  instead  of  2  b  75  lb,  or  37 H%  of  200,  and  as  wire  is  sold  by  the 
pound,  the  SA\aNG  in  cost  with  a  3%  drop  ranges  from  30  to  40%  oC  a  2%  drop. 

Example.  With  the  same  conditions  as  given  in  the  preceding  example 
what  is  the  size  of  the  wire  that  will  be  required  lor  the  otdiaaiy  thne>wire 
system  with  2%  drop? 
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TkUe  m.    Canjiag  Caytdty  of  Wires  ftnd  C«Mm 

FOK  XNTB1U0R  CONDUCTORS,  ALL  VOLTAGES 
From  the  Natiooal  Electrical  Code 


No.o£ 

wire, 

B.ftS. 

Capacity  iii  amperes 

Cifciikr 

Rttbber- 

Weather. 

gatise 

eoveFBd 

proof 

xa 

ife4 

3 

5 

i6 

asB3 

6 

10 

14 

4107 

15 

ao 

la 

65J0 

ao 

25 

w 

X0  3BO 

25 

30 

X6510 

35 

50 

26250 

50 

70 

33x00 

55 

80 

41740 

70 

90 

52630 

80 

xoo 

66370 

90 

X2S 

83690 

xoo 

X50 

Q 

lOSSoo 

125 

aoo 

00 

133x00 

X50 

225 

000 

167800 

175 

275 

0000 

31x600 

aas 

325 

Cables 

20O00O 

aoo 

300 

•* 

300  000 

275 

400 

•4 

400000 

325 

500 

M 

500  000 

400 

600 

M 

600  000 

4SO 

680 

M 

700  000 

500 

760 

•• 

800  000 

5SO 

840 

•• 

900000 

600 

920 

M 

I  000  000 

650 

xooo 

• 

X  100  000 

«9o 

X060 

* 

I  aooooo 

730 

xiso 

* 

X300  000 

770 

X220 

* 

X  400  000 

810 

xa9o 

* 

X500  000 

850 

X360 

• 

I  600  000 

890 

1430 

* 

X  700000 

930 

X490 

* 

tteoooo 

970 

XS50 

* 

1900000 

1010 

x6xo 

«« 

a  Qoo  000 

I  050 

1670 

A  cuxxent  of  one  ampere  will  supply  two  x6-cand]e-power  carbon  lamps. 

In  thb  case  we  use  one-half  ol  ^,  or  45,  and  a  v  instead  ol  v;  then 

^.     ,        .,      10.4  X  aoo  X  45  X  o.5i 
Circular  mila-  — — -  xx  920 

or  just  pNE-POtntTB  the  section  required  for  the  two>wire  ssrstem.  The  size 
of  wire  required  is  No.  8;  a  No.  9  would  answer  if  it  could  be  had.  Comparing 
the  weight  of  wire  required  with  the  two-wire  system  gives  two  No.  3  wires 
weiglung  400  lb  per  1 000  ft,  and  with  the  three-wire  system  three  No.  8  wires 
weighing  207  lb;  hence,  the  saving  in  cost  is  nearly  50%  and  if  No.  9  wire  were 
obtainable  tiie  savmg  would  be  55%.    With  s  drop  of  3%  (3^  volts)  the  cir- 


cular mils  required  for  the  three-wire  system  -• 


10.4  X  aoo  X  45  X  0151 


6.6 
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requixing  No.  xo  wires.  The  current  in  amperes  in  the  two-wiie  i^tcm  «  N  x 
c "  45-9i  and  in  the  three-wire  system  ^N  xc^  22.95.  Referring  to  Table  III 
it  is  seen  that  the  smallest  size  of  weather-proof  wire  perxnitted  for  45.9  amperes 
is  No.  8;  consequently.  No.  8  wire  could  be  used  with  the  two-wire  system  and 
comply  with  the  underwriters'  rules,  but  the  drop  in  potential  would  be  45.9  x 
0.2  X  0.6285  (amperes  x  resistance  of  line)  -  5.77  volts;  or  over  5%. 

Fpr  the  three-wire  Qrstem,  the  current  being  33  amperes,  the  smallest  weather- 
proof wire  permitted  by  Table  III  is  No.  13,  which  would  give  a  drop  of  7.4 
volts,  or  3.8  volts  on  each  side,  or  about  3Vi%  of  the  lamp-voltage.  Except 
on  very  short  lines  a  2%  drop  will  alwasrs  demand  larger  wires  than  leqmred 
by  the  imderwriters,  and  this  is  also  usually  true  of  a  3%  drop. 


Table  IV.    Dimemiofls,  Weights  and  Reeistancat  of  Copper  Win 


Gaoge- 
ntmiber, 
B.ftS. 

Diameter 
in  mils 

Ana  in 
dr.  mils 

Axoiin 
sqin 

Weight  in  lb  per 
loooft 

Bare 

Weather- 
proof* 

wire 

xoooft 
at2o»C. 
or68*F. 

000 

00 

xo 

XX 
X2 
13 
14 
X5 
x6 
X7 
x8 

460 
4x0 
365 
325 
389 
358 
229 
204 
X82 
X62 
144 
X28 
XI4 
X02 
91 

8x 

73 
64 
57 
51 
45 
40 

2X1  600 

X67800 

X33XOO 

X05SOO 

83690 

66370 

53630 

4x740 

33x00 

26350 

20820 

X65X0 

X3090 

10380 

8234 

6530 

5178 

4x07 

3357 

3583 

2048 

1  624 

0.X66X90 
O.X3X790 
0.X04530 
0.082887 
0.065733 
0.052x28 
0.04x339 
0.032784 
0.025999 
0.0206x8 
0.OX635X 
0.0x2967 
0.0x0283 
0.008x55 
0.006466 
0.005x29 
0.004067 
0.003225 
0.002558 
0.002028 
0.00x608 
0.00x275 

640.73 
508x2 

402.97 
3x9.74 
35343 
200.98 
159.38 
X26.40 
100.23 
79.49 
63.03 
49.99 
39.6s 
3x44 
3493 

19.  n 

X5.68 
13.44 
9.86 
7.83 
6.20 
4.93 

800 
666 
500 
363 
3x3 
aso 

200 

144 
125 

xos 

87 
69 

0.04893 

0.06170 

0.07780 

0.098XX 

0.1337 

O.X560 

O.X967 

0.2480 

0.3128 

0.3944 

0-4973 

O.627X 

0.7908 

0.9973 

I.3S7 

X.SB6 

1.999 

2.531 

3  179 

4.009 

5-055 

6.374 

so 

3X 

22 

14 

XX 

*  Approximate  weight  of  weather-proof  line-wire  for  outdoor  work  is  10%  less  than 
here  given. 

To  find  the  smallest  size  of  wire  that  will  comply  with  the  underwriters*  rules 
it  is  only  necessary  to  compute  the  total  current  in  amperes,  and  f  Ex>m  Table  III 
select  the  wire  having  a  capacity  equal  to  or  next  above  the  required  number  of 
amperes.  Table  VI  shows  at  a  gUnce  the  maximum  number  of  xG-candk-powcr 
ixo-volt  carbon  lamps  permitted  by  the  National  G)de. 

Formulas  (i)  and  (3),  page  1386,  may  also  be  used  for  motok-wiring,  if  the 
required  current  in  amperes  is  known,  by  substituting  the  given  number  of  am- 
peres for  Nx  c. 
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Tabto  V.    MaT<iniiin  L«ngtli  of  Line  for  Givoa  Haabor  of  L«mpo  that  < 
bo  Uiod  with  a  Two-Per-Cont  Drop.    Two-Wiro  Syttom 

Based  on  M  ampere  per  carbon-lamp.    One  32-candle-powcr  carbon-lamp  -• 

two  z6-candle-power  carbon-lamps.    Four  40-watt  tungsteo- 

kunps  >■  three  x6-candle-power  carbon-lamps 


No.  of 

Wil«. 

B.ftS. 
gauge 

Number  of  i6<aiidle>power,  iio*volt  carbon-lampe 

4 

6     1     8          10     1      XX 

xa     1      x6 

ao 

a4 

Manmum  length  of  line,  one  side,  in  feet 

14 

ao9 

139 

104 

83 

76 

70 

sa 

4a 

35 

la 

221 

166 

X33 

lao 

xxo 

83 

66 

55 

10 

a64 

ait 

19a 

176 

13a 

lOS 

88 

8 

336 

397 

37a 

ao4 

X63 

xj6 

6 





440 

334 

a67 

aao 

Number  of  x6<andle-poiwer,  iio*yolt  lamps 

30 

36 

40          so     1      60      1      70            So 

90 

ICO 

Maximum  length  of  line,  one  side,  in  feet 



12 

44 

37 

10 

70 

58 

S2 

A2 

• 

109 

9i 

81 

6s 

S4 

37 

40 

178 

X48 

X33 

X07 

«9 

76 

66 

59 

53 

aas 

X87 

X68 

I3S 

zxa 

96 

84 

75 

67 

a36 

3ia 

170 

I4X 

lai 

X06 

94 

85 

a68 

214 

x8o 

153 

134 

"9 

107 

aTo 

MS 

193 

169 

xso 

135 



aSs 

a43 

ax3 

190 

XTO 

For  three-wire  mains  with  aao  volts  between  outer  wires  and  same  number  of  lamps  on 
each  side,  length  o(  wire  may  be  increased  four  times. 


T«bl«  TL    ICaiimam  Carcsring  CapAcHy  of  Wires  in  Terms  of  x6*Caiidle- 
Power  ixo-Yolt  Lamps,  However  Short  the  Wires  May  Be 

Based  on  H  ampere  per  lamp 
Four  40-watt  tungsten-lamps  »  three  i6-caiidle-power  carbon-lamps 


No.  of 

Number  of  lamps 

No.  of 
wire. 

Number  of  lamps 

B.&S. 

Rubber- 

Weather- 

B.&S. 

Rubber- 

Weather. 

gauge 

proof 

gauge 

covered 

14 

34 

3a 

1          4 

130 

184 

xa 

34 

46 

3 

152 

aao 

xo 

48 

64 

a 

180 

a6a 

8 

66 

9a 

X 

aX4 

31a 

6 

9a 

130 

0 

as4 

370 

5 

X08 

154 

00 

300 

440 

1 
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which  requires  a  No.  5  wire. 


I 


C 


|M  I 


i=3 


ffi 


rK-Jj 


M — g 


I 


Bxuaple.  What  should  be  the  size  of  the  wires  to  be  run  to  a  motor  that 
requires  30  amperes  at  220  volts  and  is  situated  200  ft  from  the  distributing 
pole,  the  drop  in  volts  not  to  exceed  2%? 

Solution.    Using  Formula  ( x ),  and  substituting  30  for  i^  x  c,  we  have 

_.     .        .,      10.4  X  400  X  30 
Circuhr  mils  -  —^ — —  -  28400 

Either  the  watts  or  the  current  in  amperes  is 
stamped  on  every  motor. 
If  watts  are  given,  the 
current  in  amperes  may 
be  found  by  dividing  the 
watts  by  the  voltage.  If 
kilowatts  are  given,  multi- 
ply by  1 000  and  then 
divide  by  the  voltage. 

Wiring-Tablea.  Sev- 
eral forms  of  wiring-tables 
which  are  very  useful  to 
dectridana  are  published  in 
various  books  on  electric- 
ity. For  ordinary  interior 
wiring  for  xio-volt,  16- 
candle-power  carbon- 
lamps,  Table  V,  computed 
by  Mr.  Kidder,  will  show 
at  a  glance  the  number 
of  wire,  B.  k  S.  gauge, 
required  to  supply  the 
given  number  of  lamps  by 
first  ascertaining  the  length 
of  Une  (one  way)  through 
which  the  average  current 
flows,  as  explained  under 
Center  of  Dbtributson. 
(See  page  1385.) 

Simpie  Extaplc  of 
Wirini.  To  show  the 
method  of  wiring  an  or- 
dinary building  for  incan- 
descent lighting  we  will 
take  a  two-story  buikfing 
having  a  floor-plan  as 
shown  in  Fig.  13.  Most 
of  the  tight-outlets  are  on 
the  ceiling  and  are  indi- 
cated by  a  small  drde. 
The  outlet  marked  £  is  a 
special  outlet  for  heating, 
etc.,  and  must  be  described 
Let  us  assume  it  is  to  take  320  watts.  This  is  equivs- 
F  and  G  axe  wall-outlets 


Fig.  13. 


Wiring-diagram  for  Second  Story, 
ing  at  Symbols,  see  pages  Z398-9, 


For  Mean- 


in  the  specifications. 

lent  to  adding  eight  40-watt  Utmps  to  this  circuit. 

The  meanings  of  the  symbols  used  are  explained  OB  pages  u^8n9.    Themnnbcn 
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I  and  9  inatde  the  drdes  denote  the  number  of  i6<andle-power  c&rbon-lamps 
to  the  outlet.  The  same  number  of  35-watt  or  40-watt  tungsten-lamps  may 
always  be  used  without  overloading  the  circuits.  See  pages  1398  and  1399 
for  Standard- Wiring  Symbols.  The  current  to  be  obtained  from  the  wires  of 
the  public  lighting  company,  which  carry  a  current  at  220  volts  between  the 
out^e  wires,  and  at  no  volts  between  either  outside  wire  and  the  neutral 
wire.  The  feed-wires  for  the  building  should  enter  through  the  alley-wall  at 
about  the  level  of  the  second 
floor  and  should  drop  in  the 
partition  just  inside  the  wall 
for  the  main  fuse-block  and 
switch,  which  should  be  in 
a  small  cabinet  and  the 
meter  (Af).  The  distribu- 
tion-cabinet shoxM  be  lo- 
cated near  the  center  of  the 
buildingp  say  at  DC,  and 
there  should  be  a  cabinet 
in  each  story.  From  this 
cabinet  we  will  run  four  cir- 
cuits for  each  stoty,  which 
are  indicated  by  the  letters 
A,  B,  C  and  D.  Circuit  A 
shows  the  wires  run  for  a 
switch  on  the  wall  near  the 
door  of  each  of  four  rooms 
to  control  the  lights  in  those 
rooms.  Ail  of  the  lights  on 
circuit  C  should  be  controlled 
by  keys  in  the  lamp-sockets. 


F.F,  FViS'f>LVOa 


t.a»  KHUSf-wnxoHtt 


Fig.  14.    Cabinet-wiring  for  Knife-switch  Control 

The  lights  on  circuits  B  and  D  are  not  switched, 
except  the  outlet  at  head  of  stairs,  which  is  controlled  by  a  snap  or  push-button 
switch  at  S.  For  a  first-dass  job  all  of  the  four  circuits  would  be  controlled 
by  knife-switches  in  the  cabinet,  as  shown  in  Fig.  14;  but  this  is  not  absolutely 
necessary. 

Size  of  Wires.  The  center  of  distribution  of  circuits  A,  C,  and  D  would  be 
at  about  the  points  marked  X  (Fig.  13).  For  circuit  B  take  one-half  the  dis- 
tance ab  and  add  to  it  the  distance  from  c  to  the  cabinet.  In  figuring  the  length 
of  line,  6  ft  should  be  added  for  the  drop  from  ceiling  to  the  cabinet.  Let  us  as- 
sume that  tungsten-lamps  are  to  be  used.  In  computing  the  current  taken  by 
each  lamp  it  is  always  assumed  that  no  smaller  than  a  4o*watt  tungsten  is  used. 

The  drop-lights,  marked-Q-  would  probably  be  25-watt  lamps,  but  must  be 

counted  as  40-watt,  according  to  the  underwriters'  rules.    The  number  of  40- 
watt  lamps  and  length  of  wire  for  each  circuit  are  as  follows: 

Circuit  Af  8  lights,  41  ft  one  way  to  center  of  distribution. 
Circuit  B,  IX  lights,  53  ft  one  way  to  center  of  distribution. 
Circuit  C,  16  lights,  37  ft  one  way  to  center  of  distribution. 
Circuit  D,  12  lights,  59  ft  one  way  to  center  of  distribution. 
Total  number  of  lamps,  47. 

From  Table  V  we  see  that  the  maximum  length  of  line  one  way  for  No.  14 
wire  carrying  twelve  carbon  or  sixteen  40-watt  lamps  is  70  ft.  Consequently, 
all  of  the  lamp-drcuits  can  be  No.  14  wire,  which  is  the  smallest  size  permitted. 
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Feed- Wires.  These  should  be  nm  on  the  three-wire  system.  Allowing  for 
2  X  47  or  94  lamps  in  first  and  secxmd  stories  and  eight  in  basement,  the  feed- 
wires  must  be  capable  of  supplying  102  lamps.  Each  40-watt  lamp  would  take 
40/1 10  ■>  0.364  ampere.  The  distance  from  outside  the  building  to  distribution* 
cabinet  is  about  73  ft,  allowing  for  three  drops.  Using  Formula  (x),  and 
a.ssuming  that  there  will  be  fifty<one  lamps  on  each  side  of  the  three-wire  system* 
and  doubling  the  drop  in  volts,  gives 

_.      ,        „       10.4  X  X44  X  0.364  X  SI      ^   ^ 

Circular  mib  -  -—^ — ^^-^ — ^  -  6  960  cm. 

4 

which  calls  for  No.  x  i  wire;  but  as  this  size  is  not  carried  in  stock  we  most  use 
No.  10.  From  the  second  story  to  the  third  No.  la  wires  could  be  used.  For 
almost  all  buildings  lighted  from  a  central  station  the  lamp-drcuits  will  not 
usually  require  a  wire  larger  than  No.  14,  so  that  about  the  only  wires  which 
the  architect  needs  to  look  after  are  the  wires  which  run  to  the  distribution- 
cabinets. 

Switches.  A  switch  is  a  device  for  opening  or  dosmg  a  drcuit  at  will  other 
at  the  fixture  or  at  any  other  point.  In  the  better  dass  of  buildings  the  majority, 
if  not  all,  of  the  ceiling-lights  are  controlled  by 
switches  placed  at  a  convenient  place  on  a  side 
wall.  Lights  may  be  controlled  at  any  distance 
from  the  fixtiu%  by  nmning  a  switch-loop. 
For  controlling  either  a  single  lamp  or  fixture, 
or  any  number  of  lamps,  a  switch-loop  is  run 
as  shown  on  circuits  A  and  C,  as  in  Fig.  13. 
As  shown  also  in  Fig.  4,  one  side  of  the  loop 
must  be  connected  with  one  of  the  distributing 


^|Lamp 


MSesar 

Fig.  15.    The  Lamp  May  Be  Turned  Off  or  On 
From  Any  of  the  Five  Points,  A,  B,  C,  D, 

QXE 


B      A 

Fig.  IS.  The  Lamps  May  Be 
Turned  Off  or  On  From  Either 
the  Fiivt  or  Second  Story 


wires  and  the  other  side  to  the  lamp.  When  a  number  of  lamps  are 
to  be  controlled  by  one  switch,  as  in  the  case  of  hall-lights,  and  the  lamps 
in  large  rooms,  such  as  churches,  theaters,  concert-halls,  etc.,  a  separate 
drcuit  is  usually  run  for  those  lamps,  and  a  switch  anywhere  in  one  of  the 
distributing  lines  will  turn  on  or  off  all  of  the  lights  on  that  line.  As  the 
underwriters  do  not  permit  more  than  twelve  x6-candle-power  carbon  or  sixteen 
40-watt  tungsten-lamps  on  one  drcuit,  not  more  than  these  nimibers  of  lamps 
can  be  controlled  by  one  switch,  except  where  the  switch  is  placed  on  the 
mains.  It  is  also  practicable  to  control  one  lamp  from  two  or  three  places. 
Thus  by  a  duplex  or  three-point  switch  and  proper  wiring,  a  lamp  may  be  lighted 
or  turned  off  from  either  the  first  or  second  story  at  will.  By  means  of  two 
^ree-point  switches  and  one  four-point  switch  a  first-story  hall>lamp  may  be 
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ooDtroUed  at  will  from  either  the  first,  second  or  third  stories.  Fig.  15  shows 
the  method  of  control  from  any  number  of  points,  since  any  number  of  4-point 
snap-swkches,  such  as  B,  C  and  A  can  be  inserted  between  the  3-point  switches 
A  and  E  if  more  points  of  control  are  needed.  Fig.  16  shows  one  method  of 
wiring  for  controlling  a  hall-light  from  first  and  second  stories  by  means  of  two 
3-pomt  switches.  With  the  switches  in  the  position  shown  the  circuit  is  broken, 
as  there  is  no  connection  between  the  lamps  and  line  B.  By  turning  either 
switch  a  connection  is  made  with  line  B  and  the  current  will  flow. 

Kinds-  of  Switches.    For  controlling  lamps  from  one  point  three  kinds  of 
switches  arc  used,  namely,  snap-switches,  flush  or  push-button  swncHES 
and  KNIFE-SWITCHES.    When  less  than  eight  lamps  arc  controlled  by  the  switch, 
a  flush  or  push-button  switch  is  commonly  used  where  a  neat  appearance  is  desir- 
able, and  in  places  where  this  is  of  no 
importance,  a  snap-switch  is  used,  as  it  is 
the  cheaper.    Where  a  circuit  of  twelve  or 
more  lamps  is  controlled  by  a  switch,  a 
double-pole   (d.p.)   knife-switch  (Fig.  17) 
is  commonly  used,  being  generally  placed 
in  a  cabinet.    Knife-switches  should  always 
be  used  on  main  wires.    Snap  and  push- 
button switches  arc  made  both  single  and 
double  pole.    A  single-pole  switch  opens 
only  one  side  of  the  circuit  and  a  double- 
pole  switch  both   sides.     A   double-pole 

knife-switch  necessarily  opens  both  sides.         Fig.  17.    Common  Knife-switch 
A    switch   used   on  a    three-wire   system 

must  have  three  poles.  Double-pole  snap  and  push-button  switches  are  seldom 
used  for  less  than  twelve  lamps.  Duplex  switches,  sometimes  calle<}  three- 
point  SWITCHES,  are  usually  of  the  snap  or  of  the  push-button  t3rpe. 

Condnit-Syitems.  As  weather-proof  or  rubbercovered  wire  cannot  be  run 
in  brick  walls  or  floors  of  brick,  terra-cotta,  or  concrete  without  some  protection 
other  than  the  covering  of  the  wires,  it  is  necessary  in  such  places  to  run  the 
wires  in  tubes  or  conduits,  and  in  fire-proof  buildings  all  of  the  lighting-wires 
are  generally  run  in  a  system  of  conduits. 

Kinds  of  Conduits.  There  are  two  kinds  of  interior  conduits  now  in  com- 
mon use: 

(x)  Lhied  MOd-Steel  Pipe.  The  lining  consists  of  a  thin  coat  of  enamd 
which  must  be  impervious  to  water,  sulphuric  add,  acetic  add,  h3rdrochloric 
acid  and  carbonate-of-soda  solutions.  For  regular  conduit  systems  only  mild- 
steel  piping  of  the  same  thickness  as  ordinary  gas-piping  is  approved  by  the 
underwriters.  The  conduit  must  be  continuous  from  outlet  to  outlet  or  junction- 
lioxes  or  cabinets  and  must  properly  enter  and  be  secured  to  all  fittings,  and  the 
entire  system  must  be  mechanically  secured  in  position.  Mild-steel  pipe  may 
be  galvanised,  coated,  or  enameled  on  the  outside,  but  it  must  be  enamded  on 
the  inside  as  stated  above.  Rigid  conduit,  whether  lined  or  xnoJNEO,  are 
installed  in  the  same  manner  as  a  good  job  of  gas-fitting,  except  that  for  conduits 
the  pipe  may  be  bent  to  a  curve  and  no  elbow  can  be  used  having  less  than 
33'i-in  radius  for  the  inner  edge.  Wherever  branches  are  taken  off,  junction- 
boxes  must  be  provided  and  every  outlet  must  have  an  approved  outlet-box  or 
plate.  The  wire  drawn  into  conduits  must  be  of  at  least  No.  14  size,  rubber- 
covered  and  with  double  braid.  All  conduit-systems  must  be  grounded  by 
connecting  the  sted  pipe  by  a  conductor  to  the  gas  or  water  system. 
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(j)  Flexible  Armofed  Conduit  This  is  made  of  metal  ribbon  wound  apurally, 
is  generally  used  in  wiring  old  houses  because  it  is  easier  to  install.  Ciscuuat 
zx>OM  is  flexible  woven  tubing  treated  with  insulating  materia)  that  makes  it  hold 
its  shape.  This  may  be  used  in  dry  places  and  for  outlets  through  plastering 
if  it  extends  back  to  the  nearest  porcelain  knob  holding  the  wire  which  the 
conduit  covers. 

National  Electrical  Code.  The  National  Board  of  Fire  Underwriters,  in 
conjunction  with  committees  from  the  American  Institute  of  Architects,  and 
horn  the  national  associations  of  electrical,  mechanical  and  railway  fnginitrs, 
have  prepared  a  code  of  rules  and  requirements  for  the  uistallation  of  electrical 
lighting  which  is  the  generally  recognized  standard  and  with  which  all  interior 
wiring  must  comply  if  it  b  desired  to  obtain  insurance  on  the  buUdxng.  This 
code  has  also  been  made  a  part  of  the  ordinances  of  most  of  the  larger  dries. 
It  is  revised  every  two  years,  in  the  odd^numbered  years.  The  National  Board 
of  Underwriters  also  publishes,  semi-annually,  a  suppuucbmt  to  the  National 
Electrical  Code  which  contains  a  list  of  all  articles  that  have  been  esamined 
and  approved  for  use  in  connection  with  the  code,  together  with  the  names  of 
the  manufacturers.  Articles  not  included  in  this  list  will  not  be  passed  by  the 
inspectors.  Copies  of  the  code  and  supplement  can  be  obtained  from  the  nearest 
Underwriters'  Inspection  Bureau,  or  by  writing  to  the  Underwriters'  Labors- 
tories,  383  Ohio  Street,  Chicago,  Bl.  The  following  requirements  apply  to 
almost  eveiy  installation,  and  every  architect  should  be  convemnt  with  them. 

Eztracta  from  the  National  Electrical  Coda* 

(i)  AH  wire  for  concealed  work  must  be  of  the  best  approved  rubber-covered 
brands,  as  shown  in  List  of  Fittings.  No  wire  smaller  than  No.  14  B.  &  S.  gauge 
to  be  used.    All  wire  run  in  conduits  must  have  double-braid  covering. 

(2)  Where  wires  are  concealed  and  run  parallel  to  joists  they  must  be  s«i>- 
ported  on  porcelain  knobs  which  hold  the  wires  at  least  i  in  from  woodwork 
or  surface  wired  over.  Knobs  must  be  SECuaBLY  pastcmed  and  must  be  placed 
EVERY  4M  FT.  Where  wires  are  run  through  joists  they  must  be  bushed 
with  porcelain  tubes  the  entire  width  of  joists.  All  wires  must  be  drawn  ti^t, 
so  as  to  have  all  slack  removed. 

(3)  In  concealed  work  all  wires  must  be  separated  from  eacs  OTHEa  by 
AT  I£AST  5  IN.  Where  wires  run  down  partitions,  especially  partitions  formed 
by  2  by  4-in  studs,  the  wires  must  be  so  supported  as  to  run  in  the  middle  of 
partition.  If  more  than  two  wires  are  run  down  partition  between  studs,  they 
must  be  separated  by  at  least  5  in. 

(4)  Where  wires  pass  through  floors  they  must  be  protected  from  the  floor 
up  to  a  point  5  ft  above  the  floor  with  conduit  or  with  boxing.  There  must 
always  be  a  space  of  i  in  between  the  wires  and  the  boxing. 

(5)  All  joints  must  be  securely  soldered  and  taped.  A  splice  to  be  approved 
must  be  both  mechaiucally  and  electrically  secure  without  solder,  but  must  be 
soldered  unless  made  with  some  form  of  approved  splicing^vice.  Joints  to 
be  property  taped  require,  where  rubber-covered  wire  is  used,  first  to  be  taped 
with  rubber  tape  and  then  with  friction-tape.  The  insulation  of  a  joint  must 
equal  that  on  the  conductors. 

(6)  Where  wires  enter  the  building  they  must  be  provided  with  drip-loops. 

(7)  There  must  be  a  main  cut-out  and  switch  installed  in  an  easily  acccs* 
sible  place,  as  near  as  possible  to  the  point  where  the  wires  enter  the  building. 

*  The  numbers  here  given  do  not  correspond  with  those  in  the  code,  and  severBl  of 
the  rules  are  much  abridged.  Tbey  are  intended  to  give  the  substance,  rather  thus  the 
'^xact  language. 
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TUs  will  tseqnte  that  cut-out  and  switch  be  placed  where  there  k  no  need  of  a 
i2-ft  ladder  to  reach  them. 

(S)  Evay  fightug-ckcuit  of  660  watts  must  be  protected  by  a  cut-out. 
This  will  limit  the  number  to  twelve  i6-candle-power  or  sixteen  40-watt  lights 
on  a  two-wire,  no- volt  circuit,  and  to  thirty-two  40-watt  or  twenty  i6<aadle- 
power  Ugfats  on  a  three-wire,  a?o-volt  circuit.  By  spedal  permission,  where  No.  14 
vire  is  carried  directly  to  keyless  sockets,  and  where  the  location  of  the  sockets 
is  such  as  to  render  unlikely  the  attachment  of  flexible  cords  thereto,  the  circuits 
may  be  so  arranged  that  not  more  than  1 330  watts  (or  3a  sockets)  may  be  de- 
pendent upon  the  final  cut-out.  Sockets  are  to  be  considered  as  requiring  not 
less  than  40  watts  each. 

(9)  AU  cnt-outs  must  be  placed  in  an  asbestos-uned  cabwet.  The  as- 
bestos must  be  at  least  H  in  in  thickness  and  securely  heki  in  place  by  shellac 
and  tacks.  Lumber  of  which  cabinet  is  made  must  be  at  least  H  in  in  thickness. 
Cabinet  must  be  furnished  with  saug*fitting  door;  door  to  be  hung  by  strong 
hinges  and  to  be  furnished  with  a  suitable  catch. 

(xo)  Cut-outs  to  be  approved  must  be  of  the  plug  or  of  the  cartridge-type. 

(ix)  Enclosed  arc-lamps  and  incandescent  Umps  must  not  be  placed  on  same 
circuit.  Arcs  must  be  on  separate  circuits  by  thonselves.  Each  arc-light  must 
be  protected  by  an  approved  cut-out.  The  cut-outs  are  to  be  placed  in  an  as- 
bestos-lined cabinet. 

(11)  The  practice  of  using  fused  rosettes  will  not  be  approved,  except  in  mills. 

(13)  Where  wires  nm  down  the  side  wall  they  must  be  protected  from  me- 
chanical Injury. 

(14)  All  outlets  must  be  made  to  conform  to  Rule  24,  National  Electrical  Code. 

(15)  Fans  in  series  will  not  be  approved. 

(x6)  Runs  of  lamp-cord  will  not  be  approved.  Lamp-cord  is  designed  to  be 
used  for  drops  only.    Ordinary  insuUted  wire  must  be  run  to  place  desired. 

(x7)  Electric  heaters  must  be  installed  in  accordance  with  Rule  35  a-f,  National 
Electrical  Code. 

General  SuggettionB  lor  Electric  Work* 

General  Principles  and  Recommendations.  In  all  electric-work  con- 
ductors, however  well  insulated,  should  always  be  treated  as  bare,  to  the  end 
that  under  no  conditions, 
existing  or  likely  to  exist, 
can  a  grounding  or  short 
circuit  occur,  and  so  that 
all  leakage  from  con- 
ductor to  conductor,  or 
between   conductor  and 
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grouiid.  may  be  reduced   j^jg^    M«n  Switch.  Fuxnblock  and  Meter  Located  Near 


the  Point  of  Entrance  of  the  Service-wires 


to  the  minimum.  In 
all  wiring  special  atten- 
tion must  be  paid  to  the  mechanical  execution  of  the  work.  Careful  and 
neat  running,  coimecting,  soldering,  taping  of  conductors,  and  securing  and 
attaching  of  fittings,  are  specially  conducive  to  security  and  efficiency,  and  will 
be  strongly  insisted  on.  In  lajring  out  an  installation,  except  for  constant-cur* 
rent  systems,  the  work  should,  if  possible,  be  started  from  a  center  of  distri- 
bution, and  the  switches  and  cut-outs,  controlling  and  connected  with  the  several 
branches,  be  grouped  together  in  a  safe  and  easily  accessible  place,  where  they 
can  be  readfly  got  at  for  attention  or  repairs.    The  load  should  be  divided  as 

*  Preface  to  the  National  Electrical  Code 
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evenly  as  poasible  aooong  the  branches,  and  all  complicated  and  unnecessary 
wiring  avoided.  The  use  of  wireways  for  rendering  concealed  wiring  per- 
manently accessible  b  most  heartily  indorsed  and  recommended;  and  this 
method  of  accessible  concealed  construction  is  advised  for  general  use.  Arch- 
itects are  urged,  when  drawing  plans  and  specifications,  to  make  provision  for 
the  channeling  and  pocketing  of  buildings  for  electric-light  or  power-wires,  ajid 
in  specifications  for  electric  gas-lighting  to  require  a  two-wire  circuit,  whether 
the  building  is  to  be  wired  for  el^tric  lighting  or  not,  so  that  no  part  of  the 
gas-fixtures  or  gas-piping  be  allowed  to  be  used  for  the  gas-lighting  circuit. 
Fig.  18  shows  a  common  arrangement  of  main  cut<out,  switch  and  meter,  to 
comply  with  Rule  7,  page  1394.  The  main  cut-out  and  switch  should  be  as 
near  as  possible  to  the  outside  wall,  but  the  meter  may  be  at  some  distance  from 
the  switch  if  desimble  for  any  reason. 

SpedficationB  for  Interior  Wiring* 

SpeciflcationB  for  Interior  Wiring  should  provide: 

(x)  That  the  wiring  shall  be  installed  in  accordance  with  the  latest  rules  and 
requirements  of  the  National  Board  of  Fire  Underwriters,  the  local  ordinances, 
and  the  rules  of  the  local  electric  light  company,  where  current  is  to  be  taken 
from  the  public  mains. 

(a)  No  electrical  device  or  material  of  any  kind  to  be  used  that  is  not  approved 
by  the  Underwriters'  National  Electric  Association,  and  all  articles  must  have 
the  name  or  trade-mark  of  the  manufacturer  and  the  rating  in  volts  and  amperes 
or  other  proper  units  marked  where  they  may  readily  be  observed  after  the 
device  is  installed. 

Requirements  (i)  and  (2)  are  sufficient  to  insure  a  safe  installation. 

(3)  Contractor  must  obtain  a  satisfactory  certificate  of  inspection  from  the 
dty  inspector  or  from  the  inspector  of  the  local  board  of  fire-underwriters. 

(4)  If  the  wires  are  to  run  in  a  conduit  system  it  should  be  so  specified.  When 
a  conduit  S3rstem  is  used,  the  wires  should  not  be  drawn  in  tmtil  all  mechan- 
ical work  as  far  as  possible  is  completed.  It  is  best  to  wait  until  after  the 
plastering  is  dry.    All  conduit  systems  must  be  grounded. 

(5)  Size  of  Wires.  The  best  method  is  to  specify  the  size  of  all  wires,  no  wire 
to  be  less  than  No.  14  B.  &  S.  gauge;  but  if  the  architect  does  not  care  to  do  this, 
the  following  clause  is  sufficient,  provided  he  can  have  confidence  that  the 
contractor  will  comply  with  it:  "All  wires  must  be  of  such  size  that  the  drop 
in  potential  at  farthest  light-outlet  shall  not  exceed  2%  under  maximum  load.*^ 

(6)  Cut-out  cabinets  and  where  they  are  to  be  placed;  also  location  of  main- 
line cut-out  and  fuse.  For  buildings  containing  not  more  than  forty  lights,  one 
distributing  point  is  generally  sufficient,  although  in  large  houses  it  is  often 
convenient  to  have  a  cut-out  cabinet  in  each  story. 

(7)  Number  and  kind  of  switches.  AH  outlets  should  be  marked  on  the 
plans,  and  the  number  of  lights  indicated  by  figures  1,  2,  3,  4,  etc.,  as  in  Fig.  13. 
See  pages  1398  and  1399  for  standard  symbols.  The  location  of  all  switches 
for  controlling  lights  should  also  be  indicated  on  the  plans. 

ApprozimAte  Cost  of  Wiring  for  Incandescent  Lighting.  Approximate 
estimates  of  the  cost  of  wiring  buildings  for  electric  lighting  are  usually  based  on 
the  number  of  outlets  (not  lamps).  The  actual  cost  will  depend  upon  the  lium- 
ber  of  pounds  of  wire  reqmred,  the  kind  and  number  of  switches,  character  of 
cut-out  cabinets,  etc.,  and  the  time  required  to  do  the  work,  so  that  a  close 

*  Wiring  spedficationa  for  bufldings  having  their  own  genersting  plant  should  be  pre- 
pared by  an  expert. 
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estimate  camiot  be  made  without  plans  and  spedfications.  Again,  wages  and 
prices  of  material  vary  to  a  considerable  extent  in  different  parts  of  the  country, 
so  that  an  estimate  that  would  be  about  right  for  one  locality  would  not  suffice 
for  another.  The  following  figures,  however,  will  enable  anyone  to  form  an 
approximate  idea  of  what  any  proposed  wiring-job  will  cost. 

Count  cost  of  labor  as  not  more  than  one-third  the  cost  of  the  installation. 

For  knob-and-tube  work  in  new  houses  of  less  than  seventeen  outlets  or 
twenty-five  lamps,  with  no  switches  except  main  switch  and  a  rough  cut-out 
box  lined  with  asbestos,  allow  $1.50  per  outlet. 

For  same  class  of  work,  from  25  to  100  lamps,  allow  $1.75  to  $3.00  per  outlet. 

The  extra  labor  mvolved  in  wiring  old  buildings  will  add  from  30  to  50%  to 
the  above  figures. 

For  each  switch-loop  with  a  single-pole  snap-switch,  add  from  $1.50  to  $1.75. 

For  each  switch-loop  with  single-pole  push-button  switch,  add  from  $3.25  to 
$2.50. 

For  each  lamp  controlled  by  duplex  or  three-point  switches,  add  from  $5  to 
$6. 

For  each  hardwood  cut-out  cabinet  with  door  and  lock,  add  from  $7  up  ac- 
cording to  number  of  circuits  and  finish. 

Iron  cut-out  cabinets  cost  from  $8.50  up.   . 

Ordinary  exposed  wiring,  as  in  factories,  can  usually  be  run  for  from  $1.00 
to  $1.75  per  drop,  including  rosettes,  cord  and  sockets,  the  cost  depending  very 
largely  upon  how  closely  the  drops  are. spaced. 

Small  installations  with  iron-armored  conduit  will  probably  cost  from  $5  to 
$6  per  outlet.    Large  installations  will  cost  somewhat  less. 

A  private  lighting-plant  of  200  lamps,  wired  on  the  concealed  knob-and-tube 
system,  will  cost  from  $1  250  to  $1  500,  and  a  similar  plant  with  600  lamps  will 
cost  from  $2  500  to  $3  000.  These  prices  include  engine,  dynamo-switchboard, 
etc.,  complete,  and  wiring,  but  no  switches  for  controlling  lamps. 

The  iron-armored  conduit-system  will  add  about  $3.75  per  outlet. 

None  of  the  above  estimates  include  the  cost  of  fixtures  except  in  the  case  of 
exposed  wiring. 

Prop-cord  and  sockets  cost  about  90  cts  per  lamp.  Single-lamp  fixtures  may 
be  purchased  from  $1.25  upwards;  double-lamp  fixtures  from  $2  upwards. 
Combination-fixtures  cost  about  25%  more  than  straight  electric  fixtures. 

The  price  of  rubber-covered  wire  varies  from  $S  to  $60  per  i  000  ft  according 
to  size,  and  of  weather-proof  wire  from  x6  cts  to  25  cts  per  pound. 
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Steadtttf  Wirins-Symbols  Adopted  by  the  National  CoBtnctocs'  iianriafion 

and  tho  Amorican  InaHfwto  of  Architocta 

Copyrigfatad  by  the  NatknuJ  Contncton'  AsMdatioB 

Ceiling-outlet;  electric  only.     Numeral  in  center  indicates   number  of 
standard  i6-c.p.  incandescent  lamps.* 

>^^4       Ceiling-outlet;  combination,    f  indicates  4-i6c.p.  standazd  ^^ 

>^  t  incandescent  lamps  and  2  gas-burners.    If  gas  only.  )B( 

Bracket-outlet;  electric  only.    Numeral  in  center  indicates 
number  of  standard  z6-c.p.  incandescent  lamps. 
»(4.       Bracket-outlet;    combination.    1  indicates  4-16  c.p.  stand- 
ard incandescent  lamps  and  2  gas-burners.    If  gas  only. 

Wall  or  baseboard  receptacle-outlets    Numeral  in  center  indi- 
cates number  of  standard  x6K:.p.  incandescent  lamps. 
Floor-outlet.    Numeral  in  center  indicates  number  of  Standard  x6<.p. 

incandescent  lamps. 
Outlet  for  outdoor  standard  or  pedestal,  electric  only.    Numeral  indicates 
number  of  standard  x6-c.p.  incandescent  lamps. 
Ki       Outlet  for   outdoor  standard  or  pedestal;    combination.    |   indk:ates 
^^  6-16  c.p.  standard  incandescent  lamps;  6  gas-bumen. 


H 


(3* 


J£j         DropKArd  outlet. 

(^  One-lamp  outlet,  for  lamp-receptacle. 

^h         AxG-lamp  outlet. 


® 


Special  outlet  for  lighting,  heating  and  power-current,  as  described  in 
specifications. 


C:Q:3  Cciling-fan  outlet. 


8" 

S.  p.  switch-outlet. 

S' 

D  J>.  switchKMitlets. 

S» 

5-way  switch-outlet. 

S* 

4-way  switch-outlet. 

S" 

Automatic  door  switch-outlet. 

gJ5 

Electrolier  switch-outlet. 

^ 

Meter-outlet. 

B 

Distribution-panel. 

Show  as  many  symbols  as  there 
are  switches.  Or  in  case  of  a 
very  large  group  of  switches. 
indica|e  number  of  switches  by 
a  Roman  numeral,  thus; 
S'XII,  meaning  19  single-pole 
switches. 

Describe  type  of  switch  in  spea- 
fications,  that  b,  flush  or  sur- 
face, push-button  or  sa^. 


Junction  or  puU-box. 

Motor-outlet.    Numeral  in  center  indicates  hoxse-power. 


L^^]        Motor-control  outlet. 
^^"^       Transformer. 


*  If  tungsten-lamps  are  used  instead  of  carbon-lamps,  the  figure  in  the  dide  may 
stand  for  the  number  of  as-watt  tungsten-lamps,  a  as-watt  tungsten-lamp  being  xhc 
nearest  in  candle-power  to  a  i6-candle-power  carbon-lamp  though  consuming  kss  thso 
one-half  the  power.  Since  tungsten-lamps  average  about  x.x  watts  to  the  candle-power, 
many  architects  place  in  the  circle  the  number  of  watts  to  be  used.    Dividing  this  numbtf 
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St«nd«Kd  WMng-Sjmbols  Adopted  by  the  National  Contractoca'  Aaaodation 
and  tlie  American  Znatltnte  of  Architecta  (Coatinqed) 

Main  or  feeder-run  concealed  under  floor. 

Main  or  feeder-run  concealed  under  floor  above. 

Main  or  feeder-run  eaqxxed. 

Branch  drcuit-nin  concealed  under  floor. 

Branch  circuit-run  concealed  under  floor  above. 

Bnoch  drcuit^nin  cxpoeed. 

Pole-line. 


9  Riser. 

1^  Telephone-outlet;  private  service. 

M  Telephone-outlet;  public  service. 

y  Bell-outlet. 

O  Bu2zerH>utIet. 

[i]2  Push-button  outlet.    Numeial  bdicates  number  off  pushes. 

^^"K^  Annunciator.    Nmaexal  faidicates  number  of  points. 

— ^  Speaking-tube. 

—(c)  Watchman-dodionttat. 

<»^  Watdunan^etalioQ  outlet. 

— .^o)  Msster  time-clock  outlet. 

•iJn  Secondary  time-clock  outlet 

[J]  Door-opener. 

Special  outlet  for  signal-systems,  as  described  in  specifications. 
Battery-outlet. 

Circuit  for  ck>ck.  telephone,  bell  or  other  service,  run  under  floor, 
_^_......,.^  concealed.    Kind  of  service  wanted  ascertained  by  symbol  to 

which  line  connects. 

^^.^.^^^^^^       Ciioiit  for  dock,  telephoM,  bell  or  other  service,  run  under 
floor  above,  conoealsd.    Kmd  of  service  wanted  ascertained 
by  symbol  to  which  line  connects. 
Btaghts  of  center  of  wall-outlets  (unless  otherwise  specified) : 

liviog-rooms —  '. 5ft6in 

Chamoers ,  cftoin 

Offices 6  ft  o  in 

Cwridon 6  ft  3  in 

Heights  of  switches  (unless  otherwise  specified) 4ftom 

by  X.X  gives  the  candle-power  per  outlet.  Thus  V^  means  enough  tungsten4arapa 
cao  be  placed  in  this  outlet  to  total  lao  watts,  three  >^  4e-watt  lamps,  or  two  €o-watt 
faunps, etc.    The  candleixmer  in  any  cose  would  be  lao/x.i  « iio  candle-power. 
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ABCmTECTUBAL  ACOUSTICS 

Bv  ^ 

WALLACE  C.  SABINE 

PBOYESSOR  OF  PHYSICS,  HAEVAJtO  VNXVESSITy 

Architoetural  AcouBticB  a  RstioBAl  BnciiieMiiig  I^roUem.  Because 
familiarity  with  the  phenomena  of  sound  has  so  far  outstripped  the  adequate 
study  of  the  problems  involved,  many  of  them  have  been  popularly  shrouded  in 
a  wholly  unnecessary  msrstery.  Of  none,  perhaps,  is  this  more  true  than  of 
ARCHITECTURAL  ACOUSTICS.  The  oouditious  surrounding  the  transmission  of 
speech  in  an  enclosed  auditorium  are  complicated,  it  is  true,  but  are  only  such 
as  will  yield  an  exact  solution  in  the  light  of  adequate  data.  It  is  not  un- 
reasonable, therefore,  to  include  problems  of  architectural  acoustics  among  the 

RATIONAL  EHGINEERING  PROBLSIIS. 

Character  and  AppUcation  of  the  Problem.  The  problem  of  architec- 
tural acoustics  is  necessarily  complex,  and  each  room  presents  many  conditions 
which  contribute  to  the  result  in  a  greater  or  less  degree,  according  to  circum- 
stances. To  take  justly  into  account  these  varied  conditions,  the  solution  of 
the  problem  should  be  quantttative,  not  merely  quautative;  and  to  reach 
its  highest  usefulness  and  the  dignity  of  an  engineering  science  it  should  be  such 
that  its  application  can  precede,  not  merely  follow,  the  construction  of  the 
buil4ing. 

ConditioiiB  and  Factora  of  the  Problem.  In  order  that  hearing  may  be 
good  in  any  auditorium  it  is  necessary  that  the  sound  should  be  sufficiently  loud, 
that  the  simultaneous  components  of  a  complex  sound  should  mMin»*iti  their 
proper  relative  intensities,  and  that  the  successive  sounds  in  rapidly  moving 
articulation,  either  of  speech  or  of  music,  should  be  dear  and  distinct,  free  from 
each  other  and  from  extraneous  noises.  These  three  are  the  necessary,  as  they 
are  the  entirely  sufficient,  conditions  for  good  hearing.  Scientifically  the  prob- 
lem involves  three  factors: 

(i)   Reverberation. 

(3)   Interference. 

(3)   Resonance. 
As  an  engineering  problem  it  involves  the  shape  of  the  auditorium,  its  dimen- 
sions, and  the  materials  of  which  it  is  composed. 

Rate  of  Absorption  of  Souid.  Sound,  being  enerKyr  once  produced  in  a 
confined  space,  will  continue  until  it  is  either  transmitted  by  the  boundary  walb 
or  is  transformed  into  some  other  kind  of  energy,  generally  heat.  This  process 
of  decay  is  called  absorption.  Thus,  in  the  lecture-room  of  Harvard  Univer- 
sity, in  which,  and  in  behalf  of  which,  this  investigation  was  begun,  the  rate 

*  Adapted  and  reproduced  by  penninion  from  a  paper  read  by  Dr.  W.  C.  Sabine  before 
the  Franklin  Institute,  Phfladelphia,  October  30, 19x4  and  publbhcd  in  the  January  1915 
iMue  of  the  Journal  of  the  FraakDn  Lutitate.  For  inionnation  regarding  further  dau. 
other  papciB  and  tieatiMs  on  the  subject  by  the  author  of  this  aztkk.  the  zetder  is 
referred  to  Profcaeor  Sabine. 
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OF  absosfhon  was  so  small  that  a  word  spoken  in  an  ordinary  tone  of  voice  was 
audible  for  five  and  a  half  seconds  afterwards.  During  Uus  time  even  a  very 
deliberate  speaker  would  have  uttered  the  twelve  or  fifteen  succeeding  syllables. 
Thus  the  successive  enunciations  blended  into  a  bud  sound,  through  which  and 
above  which  it  was  necessary  to  hear  and  distinguish  the  orderly  progression  of 
the  speech.  Across  the  room  this  oould  not  be  done;  even  near  the  speaker 
it  could  be  done  only  with  an  effort  wearisome  in  the  extreme  if  long  main- 
tained. 

Mnltliile  Reflectiofi,  Reverberttion  and  EchoeB.  With  an  audience  filling  • 
the  room  the  conditions  were  not  so  bad,  but  still  not  tolerable.  This  may  be 
regarded,  if  one  so  chooses,  as  a  process  of  ifULnPLE  retlection  from  walls, 
from  ceiling,  and  from  floor,  first  from  one  and  then  another,  losing  a  little  at 
each  reflection  imtil  ultimately  inaudible.  This  phenomenon  will  be  called 
REVERBERATioir,  including,  as  a  special  case,  the  echo.  It  must  be  observed, 
however,  that,  in  general,  reverbo'ation  results  in  a  mass  of  sound  filling  the 
whole  room  and  incapable  of  analysis  into  its  distinct  reflections.  It  Is  thus  more 
difficult  to  recognize  and  impossible  to  locate.  The  term  echo  will  be  reserved 
for  that  particular  case  in  which  a  short,  sharp  sound  Is  distinctly  repeated  by 
reflection,  either  once  from  a  single  surface,  or  several  times  from  two  or  more 
surfaces.  j 

Rate  of  Decay  of  Sound.  In  the  general  case  of  reverberation  we  are 
concerned  oo\y  with  the  rate  op  decay  of  the  sound.  In  the  spedal  case  of 
the  echo  we  are  concerned  not  merely  with  its  intensity,  but  with  the  interval 
of  time  elapsing  between  the  initial  sound  and  the  moment  it  reaches  the  ob- 
server. In  the  room  mentioned  as  the  occasbn  of  this  investigation  no  discrete 
echo  was  distinctly  perceptible,  and  the  case  will  serve  excellently  as  an  illustra- 
tion of  the  more  genieral  type  of  reverberation. 

Duration  of  Audibility  of  Residual  Sound.  After  preliminary  gropings, 
first  in  the  literature  and  then  with  several  optical  devices  for  measuring  the 
Intensity  of  sound,  all  established  methods  were  abandoned.  Instead,  the  rate 
OF  DECAY  was  measured  by  measuring  what  was  inversely  proportional  to  it, 
the  duration  of  audibility  of  the  reverberation,  or,  as  It  will  be  called  here,  the 
DURATION  OF  AUDIBILITY  OF  THE  RESIDUAL  SOUND.  These  experiments  may  be 
exphuned  to  advantage  here,  for  they  will  give  more  dearly  than  would  abstract 
discussion  an  idea  of  the  nature  of  reverberation. 

Shape  of  Room  and  Nature  of  Fumiahings.  Broadly  considered  there 
are  two,  and  only  two,  variables  in  a  room,  shape  (including  size),  and  icatsrials 
(including  furnishings).  In  designing  an  auditorium  an  architect  can  give  con- 
sideration to  both;  in  repair-work  for  bad  acoustic  conditions  it  is  generally 
Impracticable  to  change  the  shape,  and  only  variations  in  materiab  and 
furnishings  are  allowable.  This  was,  therefore,  the  line  of  work  in  this 
case. 

The  Relative  Absorbing  Power  of  Different  Substances.  It  was  evident 
that,  other  things  being  equal,  the  rate  at  which  the  reverberation  would  dis- 
appear was  proportional  to  the  rate  at  which  the  sound  was  absorbed.  The 
first  work,  therefore,  was  to  determine  the  relative  absorbing  power  of  various 
substances.  With  an  organ-pipe  as  a  constant  source  of  sound,  and  a  suitable 
chronograph  for  recording,-  the  duration  of  audibility  of  a  sound  after  the  source 
had  ceased  in  this  room  when  empty  was  found  to  be  5.62  seconds.  All  the 
cushions  from  the  seats  in  Sanders  Theater,  Boston,  Mass.,  were  then  brought 
over  and  stored  in  the  lobby.    On  bringing  into  the  lecture-room  a  number 
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of  coBhioiiB,  baTiog  a  total  length  of  8.2  meteis,  the  duratioD  of  MdibOity  fell 
to  5*33  seconds.  On  bringmg  in  cushions  of  a  total  length  of  17  meters  the 
sound  in  the  room  after  the  organ-pipe  oetsed  was  audible  for  but  4.94  seconds. 
Evidently  the  cushions  were  strong  absoibents  and  rapidly  imptoving  the  room, 
at  least  to  the  extent  of  diminishing  the  reverberation.  The  result  was  inter- 
esting and  the  process  was  continued.  Little  by  KtUe  more  cushions  were 
brought  into  the  room,  and  each  time  the  duration  of  audibiiky  was  meas- 
ured. When  all  the  seats,  436  in  number,  were  covered,  the  sound  was  audi- 
,  ble  for  2.03  seconds.  Then  the  aisles  were  covered,  and  then  the  jdatform. 
Still  there  were  more  cushions,  almost  half  as  many  more.  These  were  brought 
into  the  room,  a  few  at  a  time,  as  before,  and  draped  on  a  scaffolding  that  had 
been  erected  around  the  room,  the  duraUon  of  the  sound  being  recorded  each 
time,  finally,  when  all  the  cushions  from  a  theater  seating  nearly  1500 
persons  were  placed  in  the  room,  covering  the  seats,  the  aisles,  the  platform, 
and  the  rear  wall  to  the  ceiling,  the  duration  of  audibility  of  the  residual 
sound  was  1.14  seconds.  This  experiment,  requiring,  of  course,  several  nights' 
work,  having  been  completed,  all  the  cushions  were  removed  and  the  room 
was  in  readiness  for  the  test  of  other  absorbents.  It  was  evident  that  a 
STANDARD  OF  COMPARISON  had  been  established.  Curtains  of  chenille,  x.x 
meters  wide  and  17  meters  in  total  length,  were  draped  in. the  room.  The 
duration  of  audibility  was  then  4.51  seconds.  Turning  to  the  data  that  had  just 
been  collected,  it  appeared  that  this  amount  of  chenille  was  equivalent  to  50 
meters  of  cushions  from  Sanders  Theater.  Oriental  rugs  (Herea,  Demxnik,  and 
Hindoostanee)  were  tested  in  a  similar  manner,  as  were  also  cretonne  cloth, 
canvas,  and  hair-fek.  Similar  experiments,  but  in  a  smaller  room,  detennined 
the  absorbing  power  of  a  man  and  of  a  woman,  ahmsrs  by  determining  the  num- 
ber of  running  meters  of  Sanders  Theater  cushions  that  would  produce  the  same 
effect.  This  process  of  comparing  two  absorbents  by  actually  substituting  one 
for  the  other  is  laborious,  and  it  is  given  here  only  to  show  the  first  steps  in  the 
development  of  a  method.  Without  gomg  into  details,  it  is  sufficient  here  to 
say  that  this  method  was  so  perfected  as  to  give  not  merely  relaxive,  but  abso- 
lute, COEFFICIENTS  OF  ABSORPTION. 

Coefficienta  of  Absorption.    In  tMs  manner  a  number  of  coEFncnons 

OP  ABSORPTION  Were  determined  for  objects  and  materials  which  oouM  be 
brought  into  and  removed  from  the  room,  for  sounds  having  a  pitch  an  octave 
above  middle  C.  In  the  following  table  the  mmieiical  values  are  the  abso- 
lute COEFFICIENTS  OF  ABSORPTION: 


Oil-paintings,  inclusive  of  frames 0.38 

Carpet-rugs o.ao 

Oriental  rugs,  extra  heavy 0.29 

Cheesecloth 0.019 

Cretonne  cloth o.  15 

Shelia  cxirtains 0.23 

Hair-felt.  2.5  cm.  thick,  8  cm.  from  wall 0.78 

Cork,  2.S  cm.  thick,  loose  on  floor o.  16 

Lindenm,  looaeon  floor 0.12 


When  the  objects  are  not  extended  surfaces,  such  as  carpets  or  rugs,  but 
essentially  spadal  units,  it  is  not  easy  to  express  the  absorption  as  an  absolute 
coefficient.  In  the  folbwing  table  the  absorption  of  each  6bjett  is  expressed  in 
terms  of  a  square  meter  of  oomplbtb  absorptzom: 


yGoogk 


,Axcliitcctunl  Acauadca 


im 


Audmioe, pcf pcnon. 0.44 

Isolated  woman ,....,,.. 0.54 

Isolated  man 0.48 

Plain,  ash  s^teci 0.039 

Plain,  ash  settees,  p^  single  seat 0.0077 

Plain,  asb  chairs,  bent  wood o.oofo 

Upholsto^  settees,  hair  and  leathef x.io 

Upholstered  settees,  per  single  seat o.aB 

Upludstered  chatM,  similar  in  style 0.30 

Hai»<cTishions,  per  seat q.si 

Blaiti&lelt  ctMbioiw.  per  sefit O.«o 


Co«iEd«tU  of  Absorption  of  Floors,  CoUiiicf  and  Wan-49i»f^eot.  Of  ^ 
even  greater  importimce  vas  the  determination  of  the  coEvncistrr  or  AsaOSP- 
TioN  of  floors.  cdtioflBy  anci 
wall-siu&Gn.  The  accom^ 
pliihme&t  of  this  called  for  1^ 
very  oonsiderablo  ejcteasion 
of  the  method  adoptedt  If 
the  reverberation  in  a  room 
as  changed  by  the  additioii 
of  abaQrbing  niatfrial  ar^ 
plotted,  the  resulting  curv^ 
will  be  found  to  be  a  portion 
of  a  hyperbola  with  dis- 
placed axes.  An  example  of 
such  a  curve,  as  obtamed  in 
the  lecture-room  of  the  Fogg 
Art  Museum,  Cambridge, 
Mass.,  is  plotted  in  the 
diagram  in  Fig.  1.  If  now 
the  origin  of  this  curve  ia 
displaced  ao  that  the  axes  of  coordinates  are  the  asymptotes  of  the  rectangul&r 
hyperbola  (Fig.  2),  the  displacement  of  the  origin  measures  th^hut^  absorbing 
power  of  the  room,  its  floors,  walls  and  ceilings.  Such  experiments  were  carried 
out  in  a  large  number  of  rooms  in  which  the  different  component  materials 
entered  in  very  different  degrees,  and  an  elimination  betweon  these  different 
ezp^ments  gave  the  following  oofifyiciENT  op  ajmorptxon  for  ^^ttnt 
mateciala: 
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Fig.  1.    Cunre  Showing  the  Relatioa  of  Duration  of 
Rcadual  Sqynd  to  Added  Absorbfag  Materia} 


Open  window t  • S .  ooo  1 

Wooden  sheathing,  hard  pine -. o.ofij  1 

Plaster  on  wooden  lath 0034  I 

Plastar  on  wire  lath o  o53 

Glass,  single thickacH ^-^^  I 

Plaster  on  tile 9<»S 

Brick  set  inPortland  cement ••*»5  | 


Oaleidntfaig  tho  Revorbanitlott  for  Any  Room.  If  the  expcrim^ts  in 
these  rooms  are  plotted  fai  a  ringle  diagram,  the  result  is  a  family  of  hyperbolas 
(Fig.  3)  showing  a  very  mteretting  rolatlonahip  to  the  vohimes  of  tho  rooms. 
Indeed,  if  from  these  hyperbolas  tho  parametef.  which  equals  tha  product  of  the 
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coordinates,  is  determined,  it  wiU  be  found  to  be  Unearly  proportioMl  to  the 
volume  of  the  room.  These  results  are  plotted  in  Fig.  4,  showmg  how  strict 
the  proporUonahty  b  even  over  a  very  great  range  in  volume.    We  have  Uhk 

at  hand  a  ready  metaod 
of  calculating  the  REVERBtER- 
ATiON  for  any  room,  Jts 
volume  and  the  materials  of 
which  it  is  composed  bein^ 
known.  The  first  five  years 
of  the  investigation  were 
devoted  to  violin  C,  the  C  an 
ocUve  above  middle  C,  hav- 
ing a  VIBRATION-FaEQITEISCY 

of  512  vibrations  per  aecood. 
This  pitch  was  chosen  hc- 
cause,  in  the  art  of  telcphooy, 
W.11-  Cu.ku».  ^  '"^  regarded  at  that  tinoe 

Wall.  ourtiioa.  ^.       as  the   characteristic    pitch 

Fig.  2.    ^^^sPlottedasPart  of  itsC^rie.^^        determining   the    conditions 
RccUngular  Hyperbola.    The  Solid  Part  was  Detei^  .^«.|!^«    «,^«#^li        TK** 

mined  ExperiraentaUy.  The  Displacement  of  This  o|  articulate  speech.  The 
to  the  Right  Measures  the  Absorbing  Power  of  planmng  of  Symphony  Hall, 
the  Walls  of  the  Room  Boston,    Mass.,    forced    an 

extension  of  this  investiga- 
tion to  notes  over  the  whole  range  of  the  musical  scale,  three  octaves  below 
and  three  octaves  above  violin-C. 

Absorptton-Coeffident  of  an  Audience.  In  the  very  nature  of  the  prob> 
lem,  the  most  important  datum  fa  the  ABSoapnoN-coEFPiciENT  of  an  audience, 
and  the  determination  of 
thfa  was  the  first  task  un- 
dertaken. By  means  of  a 
lecture  on  one  of  the  recent 
developments  of  physics, 
wireless  telegraphy,  an 
audience  was  thus  drawn 
together  and  at  the  end  of 
the  lecture  requested  to 
remain  for  the  experiment. 
In  thfa  attempt  the  eflfort 
was  made  to  determine  the 
coefficients  for  the  five 
octaves  from  Cti28  to 
€•2048,  including  notes  E 
and  G  in  each  octave. 
For  several  reasons  the 
experiment  was  not  a  suc- 
cess. A  threatening  thun- 
derstorm made  the  audi- 
ence a  small  one,  and  the  sultriness  of  the  atmo^here  made  open  windows 
necessary:  while  the  attempt  to  cover  so  many  notes,  thirteen  in  all,  prolonged 
the  experiment  beyond  the  endurance  of  the  audience.  While  thfa  experiment 
failed,  another,  the  following  summer,  was  more  successful.  In  the  year  tlut 
had  elapsed  the  necessity  of  carrying  the  investigation  further  than  the  limits 
intended  became  evidoit,  and  now  the  experiment  was  carried  from  C164  ^ 
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Fig.  3.  Curves  Entered  as  Parts  of  their  Conespondiiig 
Rectangular  Hyperbolas.  Three  Scales  are  Empbyed 
for  the  Volumes,  by  Groups,  x-7.  8-xx.  and  xa 
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C74096,  but  indoded  only  the  C  notes,  seven  notes  in  alL  Moreovttf ,  bearing 
in  mhid  the  experiences  of  the  previous  summer,  it  was  recognised  that  even 
seven  notes  ifouki  oome  dangerously  near  overtaxing  the  patience  o£  the 
audience.      Inasmuch    as 

the    COEFFICIENT    OF    AB- 

SORPIION  for  C4513  had 
already  been  determined 
six  years  before,  in  the  in- 
vestigations mentioned,  the 
coefficient  for  this  note  was 
not  redetermined.  The 
experiment  was  therefore 
carried  out  for  the  lower 
three  and  the  upper  three 
notes  of  the  seven.  The 
audience,  on  the  night  of 
this  e3q)eriment,  was  much 
larger  than  that  which  came 
the  previous  sununer,  the 
night  was  a  more  com- 
fortable one,  and  it  was 
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Fig.  4.    The  Parameters  %,  Plotted  Against  the  Volumes 
of  the  Rooms,  Showing  the  Two  Proportional 


possible  to  close  the  windows  during  the  experiment.  The  conditions  were 
thus  fairly  satisfactory.  In  order  to  get  as  much  data  as  possible,  and  in  as 
abort  a  time,  there  were  nine  observers  stationed  at  different  points  in  the  room. 

These  observers,  whose  kindness  and  skill 
it  is  a  pleasure  to  acknowledge,  had  pre- 
pared themselves,  by  previous  practice,  for 
this  one  experiment.  The  results  of  the 
experiment  are  shown  on  the  lower  curve 
in  Hg.  5.  This  curve  gives  the  coefficient 
OF  absorption  per  person.  It  is  to  be 
observed  that  one  of  the  points  falls  clearly 
off  the  smooth  curve  drawn  through  the 
other  points.  The  observations  on  which 
this  point  is  based  were,  however,  much 
disturbed  by  a  street-car  passing  not  far 
from  the  building,  and  the  departure  of  this 
observation  from  the  curve  does  not  indi- 
cate a  real  departure  in  the  coefficient,  nor 
should  it  cast  much  doubt  on  the  rest  of  the 
work,  in  view  of  the  circumstances  under 
which  it  was  secured.  Counteracting  the, 
perhaps,  bad  impression  which  this  point 
may  give,  it  is  considerable  satisfaction  to 
note  how  accurately  the  point  for  Ci5i2, 
determined  six  years  before  by  a  different 
set  of  observers,  falb  on  the  smooth  curve 
through  the  remaining  points.  The  upper 
curve  represents  the  absorbing  power  of  an 
audience  per  square  meter,  as  ordinarily 
seated.  The  vertical  ordinates  are  expressed  in  terms  of  total  absorption 
by  a  square  meter  of  surface.  For  the  upper  curve  the  ordinates  are  thus  the 
oidinazy  coefficients  of  absorption.    The  several  notes  are  at  octave-intervals 
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Fig.  5. 
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AS  fbUbWBi  C164.  CatsS,  ti  (middle  C)  fS6i  Ci^ts,  CiioHi  CuchS,  C14096. 
In  the  tttdietiCi!  on  which  these  bbservattoftl  wire  Uktn  then  wtre  yy  %nmieii 
Attd  I65  mett.  The  cttUrte«y  df  the  nudSMee  to  nmiUaiiig  for  the  otperimcot 
and  the  really  remarkable  silence  which  they  nSftintAincd  «te  giKtifUlly 
adCAowlslged. 

AbMr^tion  4t  fiolmd  by  Wobddn  Bhtoatllilig.  The  next  expetimetit  Was 
on  the  diierminatibn  Ot  the  abboApiIon  of  sduND  by  wooden  sheathitig.  It  is 
not  an  nsy  matter  to  find  conditions  suitable  for  this  experiment.  The  rooih  in 
Whith  the  KhMtpttoA  by  wooden  dheathinff  wU  determined  in  the  earlier  espcr- 
ilnehU  wAa  not  availlible  for  thete.  It  was  available  then  only  because  the 
building  Was  new  and  einpty.  When  these  more  elaborate  experimeflts  were 
under  wiy  the  room  beeame  occupied,  and  tn  a  manner  that  did  not  admit  of  its 

being  dea^.  Quite  a  little  searching  in 
the  neighborhood  of  Boston  fkiled  to  dis- 
cover an  entirely  suitable  room.  The 
best  one  available  adjoined  a  night-lunch 
room.  The  night-lunch  was  bought  out 
for  a  couple  of  nights,  and  the  experiment 
wa§  tried.  The  Work  ot  both  Jllghts  was 
much  disturbed.  The  traAc  past  the 
building  did  not  stop  until  nearly  two 
o^dock,  and  began  again  at  fouf .  The 
interest  of  those  passing  on  foot  thtt>ugh- 
out  the  night,  and  the  necessity  of  repeated 
explanations  to  the  police,  greatly  inter- 
fered with  the  work.  This  detailed  state- 
ment of  the  conditions  Under  wbidi  the 
experiment  was  tried  is  made  by  way  of 
explanation  of  the  irregularity  of  the 
observations  recorded  on  the  curve,  and 
of  the  failure  to  carry  this  partic^ilar  Bne 
of  work  further.  On  the  first  night  seven 
points  Were  obtained  for  the  'seveil  ncAes 
Ct64  to  Ct4O06.  The  reduction  C^  these 
mults  on  the  following  day  showed 
variations  indicative  of  maxima  and 
minima,  whidi,  to  be  accurately  located, 
would  require  the  determination  ti  inter- 
mediate points,  tn  the  e:CperiAent  on 
the  following  night,  pomts  weiv  deter- 
mined for  the  £  and  G  notes  in  each 
Other  points  would  have  been  determined. 
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octave  between  Cttafi  and  C»sod6. 

but  time  did  not  permit.  It  is  oovious  that  tbe  intermediate  points  in  the  loWer 
and  in  the  higher  octave  were  desirable,  but  ho  pipes  Were  to  be  had  on  siieh 
ihort  notice  for  this  part  of  the  range,  and  in  their  absence  the  data  coukl  tot 
i)e  obtained.  In  the  diagram,  Fig.  6,  the  points  Isrlng  on  the  vertical  lines  Were 
determined  the  first  night.  The  points  lying  between  the  vertical  lines  Were 
detarmiood  the  second  night.  The  sheathing  of  the  room  is  of  North  CareMna 
fe^Sf  I  centimeters  thick.  The  absorption  is  here  due  almost  wholly  to  yiekiing 
of  the  sheathing  as  a  whole.  It  is  not  possible  now  to  learn  as  much  in  regard 
to  the  framing  and  arrangement  of  the  studding  in  the  particular  room  tested 
as  is  desirable.  The  accuracy  with  which  these  points  fall  on  a  smooth  curve  Is, 
nerhape^  all  that  could  be  expected  in  view  of  the  difficulty  under  which  the  ob- 
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servBtions  were  oonducted  and  the  limited  time  available.  One  poihi  lA  par^ 
ticular  falls  far  off  from  this  curve,  the  point  for  C»256,  by  an  amount  which 
is»  to  say  the  least,  serious,  and  which  can  be  justified  only  by  the  conditions 
under  which  the  work  was  done.  The  general  trend  of  the  curve  aeema,  bow- 
ever,  established  beyond  reasonable  doubt.  It  is  interestfaig  to  note  that  there 
is  one  point  of  maximum  adsorption,  which  is  due  to  resonance  between  the 
walls  and  the  sound,  and  that  this  point  of  maximum  absorption  lies  in  the 
lower  part,  though  not  in  the  lowest  part,  of  the  range  ot  pitch  tested.  It 
would  have  been  interesting  to  determine,  had  the  time  and  facilities  permitted, 
the  shape  of  the  curve  beyond  C74096,  and  to  see  if  it  rises  indefinitely,  or  shows, 
as  is  far  more  likely,  a  succession  of  maxima. 

Absorption  of  Sound  by  Cushions.  The  experin^ent  was  then  directed  to 
the  determination  of  the  absorption  of  sound  by  cushions,  and  for  this  purpose 
return  was  made  to  the  constant-temper- 
ature room.  Working  in  the  manner 
indicated  in  the  earlier  papers  for  sub- 
stances which  could  be  carried  in  and  out 
of  a  room,  the  curves  represented  in  Fig. 
7  were  obtained.  Curve  i  shows  the 
absorption-coefficient  for  the  Sanders 
Theater  cushions,  with  which  the  whole 
investigation  was  begun  ten  years  ago 
(1904).  These  cushions  were  of  a  partic- 
ularly open  grade  of  packing,  a  sort  of 
wiry  grass  or  vegetable  fiber.  They  were 
covered  with  canvas  tickhig,  and  that,  in 
turn,  with  a  very  thin,  cloth  covering. 
Curve  2  h  for  cushions  borrowed  from 
the  Phillips  Brooks  House.  They  were  of 
a  high  gi^de,  filled  with  long,  curly  hair, 
and  coveted  with  canvas  ticking,  which 
was,  in  turn,  covered  by  a  long-nap  plush. 
Curve  3  is  for  the  cushion  of  Appleton 
Chapel,  hair-covered  with  a  leatherette, 
and  showing  a  sharper  maximum  and  a 
more  rapid  diminution  in  absorption  for 
the  higher  frequencies,  as  would  be  ex- 
pected under  such  conditions.  Curve  4 
is  probably  the  most  interesting,  because  for  more  standard  oonunercial  con- 
ditions ordinarily  used  in  churches.  This  curve  is  for  the  elastic-felt  cushions 
of  commerce,  of  elastic  cotton  covered  with  ticking  and  short-nap  plush.  The 
absorbing  power  is  per  square  meter  of  surface.  It  is  to  be  observed  that  ail 
four  curves  fall  off  for  the  higher  frequencies,  all  show  a  maximum  located 
within  an  octave,  and  three  of  the  curves  show  a  curious  hump  in  the  second 
octave.  This  break  in  the  curve  is  a  genuine  phenomenon,  as  it  was  tested 
time  after  time.  It  is  perhaps  due  to  a  secondary  resonance,  and  it  is  to 
be  observed  that  it  is  the  more  pronounced  in  those  curves  that  have  the 
sharper  resonance  in  their  principal  maxima. 

Effects  of  Interference  of  Sound** Waves.  In  both  articulate  speech  and 
in  music  the  source  of  sound  is  rapidly  and,  in  general,  abruptly  changing  ift 
pitchy  quality  and  loudness.  In  music  one  pitch  is  held  during  the  length  of 
a  note.  In  articulate  speech  the  unit  or  element  of  constancy  is  the  syllable. 
Indeed,  in  speech  it  is  even  less  than  the  length  of  a  pliable,  for  the  open-vowel 
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sound  which  forms  the  body  of  a  syllable  usuaUy  has  a  consonantal  opening  and 
dosing.  During  the  constancy  of  an  element,  either  of  music  or  of  speech,  a 
train  of  sound-waves  spreads  spherically  from  the  source,  just  as  a  train  of  cir- 
cular waves^reads  outward  from  a  rodung  boat  on  the  surface  of  still  water. 
Different  portions  of  this  train  of  spherical  waves  strike  different  surfaces  of  the 
auditorium  and  are  reflected.  After  such  reflection  they  begin  to  cross  eadi 
other's  paths.  If  thdr  paths  are  so  different  in  length  that  one  train  of  waves 
has  entirely  passed  before  the  other  arrives  at  a  particular  point,  the  only 
phenomenon  at  that  point  is  prolongation  of  the  soimd.  If  the  space  between 
the  two  trains  of  waves  is  suffidently  great,  the  effect  will  be  that  of  an  echo. 
If  there  are  a  number  of  such  trains  of  waves  thus  widely  spaced,  the  effect  will 
be  that  of  multiple  echoes.  On  the  other  hand,  if  two  trains  of  waves  ha\'e 
traveled  so  nearly  equal  paths  that  they  overlap,  they  will,  dependent  on  the 
difference  in  length  of  the  paths  which  they  have  traveled,  either  reinforce  or 
mutually  destroy  each  other.  Just  as  two  equal  trains  of  water>waves  crossing 
each  other  may  entirely  neutralize  each  other  if  the  crest  of  one  and  the  trough 
of  the  other  arrive  together,  so  two  sounds,  coming  from  the  same  source,  in 
crossing  each  other  may  produce  silence.  This  phenomenon  is  called  intektes- 
ENCE,  and  is  a  common  phenomenon  in  all  types  of  wave-motion.  Of  course, 
this  phenomenon  has  its  complement.  If  the  two  trains  of  water-waves  so  cross 
that  the  crest  of  one  coincides  with  the  crest  of  the  other  and  trough  with  trough, 
the  effects  will  be  added  together.  If  the  two  sound-waves  are  similarly  retarded, 
the  one  on  the  other,  thdr  effects  will  also  be  added.  If  the  two  trains  of  waves 
are  equal  in  intensity,  the  combined  intensity  will  be  quadruple  that  of  either  of 
the  trains  separately,  as  above  explained,  or  zero,  depending  on  their  relative 
retardation.  The  dSect  of  this  phenomenon  is  to  produce  regions  in  an  audito- 
rium of  LOUDNESS  and  regions  of  comparative  or  even  complete  silence.  It  is 
a  partial  explanation  of  the  so-called  deaf  regions  in  an  auditorium. 

Distribution  of  Intensity  of  Sound.  It  is  not  difficult  to  observe  this 
phenomenon  directly.  It  is  difficidt,  however,  to  measure  and  record  the  phe> 
nomenon  in  such  a  manner  as  to  permit  of  an  aconite  chart  of  the  result.  With- 
out going  into  the  details  of  the  method  employed,  the  result  of  these  measure-  ' 
ments  for  a  room  very  similar  to  the  Congregational  Church  in  Naugatud:, 
Conn.,  is  shown  in  the  accompanying  chart.  The  room  experimented  in  was 
a  simple,  rectangular  room  with  plain  side  waUs  and  ends  and  with  a  band 
or  cylindrical  ceiling  with  the  center  of  curvature  at  the  floor-levd.  The  result 
is  clearly  represented  in  Fig.  8,  in  which  the  intensity  of  the  sound  has  been 
indicated  by  contour-lines  in  the  manner  employed  in  the  drawing  of  the  geo- 
detic survey-maps.  The  phenomenon  indicated  in  these  diagrams  was  not 
ephemeral,  but  was  constant  so  long  as  the  source  of  sound  continued,  and  re- 
peated itself  with  almost  perfect  accuracy  day  after  day.  Nor  was  the  fdienom- 
enon  one  which  could  be  observed  merely  instrumentally.  To  an  observer 
moving  about  in  the  room  it  was  quite  as  striking  a  phenomenon  as  the  dia- 
gram suggests.  At  the  points  in  the  room  indicated  as  mcH  maxima  of  inten- 
sity in  the  diagram  the  sound  was  so  loud  as  to  be  disagreeable,  at  other  points 
so  low  as  to  be  scarcely  audible.  It  should  be  added  that  this  distribution  of 
intensity  is  with  the  source  of  sound  at  the  center  of  the  room  at  the  head-level. 
Had  the  source  of  sound  been  at  one  end  and  on  the  axis  of  the  cylindrical  ceilings 
the  distribution  of  intensity  would  still  have  been  bilaterally  symmetrical,  but 
not  symmetrical  about  the  transverse  axis. 

Interference-Systems  and  Reverberation.  Whenasouroeof  soundismain* 
tained  constant  for  a  suffidently  long  time,  a  few  seconds  will  ordinarily  suffice; 
he  sound  becomes  steady  at  every  point  in  the  room.    The  distributioa  of  the 
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intensity  of  'sound  under  these  conditions  is  called  the  interference-system, 
for  that  particular  note,  of  the  room  or  space  in  question.  If  the  source  of  sound 
b  suddenly  stopped,  it  requires  some  time  for  the  sound  in  the  room  to  be  ab- 
sorbed. This  prolongation  of  sound  after  the  source  has  ceased  is  called  rever- 
beration. If  the  source  of  sound,  instead  of  being  maintained,  is  short  and 
sharp,  it  travels  as  a  discrete  wave  or  group  of  waves  about  the  room,  reflected 


Fig.  8.    Distribution  of  Intensity  of  Sound 

from  wall  to  wall,  producing  echoes.  In  the  Greek  theater  there  was  ordinarily 
but  ope  echo,  "doubling  the  case-ending, "  while  in  the  modern  auditorium  there 
are  many,  generally  arriving  at  a  less  interval  of  time  after  the  direct  sound,  and 
therefore  less  distinguishable,  but  stronger  and  therefore  more  disturbing. 

Photographing  Air-Disturbances.    The  formation  and  the  propagation  of 
echoes  may  be  admirably  studied  by  an  adaptation  of  the  so-called  schueren- 
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Fig.  9.    Photograph  of  Sound-wave.    Vertical  Section 


Fig.  10.    Photograph  of  Sound-wave.    Vertical  Sectioo 
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Fig.  11.    Photograph  of  Sound-wave  and  Echoes.    Vertical  Section 


Fig.  12.    Photograph  of  Sound-wave  and  Echoes.    Vertical  Section 
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METHODE  device  for  photographing  air-disturbances.  It  is  suffident  here  to  say 
that  the  adaptation  of  this  method  to  the  problem  in  hand  consists  in  the  cod- 
struction  of  a  model  in  proper  scale,  of  the  auditorium  to  be  studied  and  an  inxxs- 


Fig.  13.    Photograph  of  Sound-wave  and  Echoes.    Horizontal  Section 

tigation  of  the  propagation  through  it  of  a  proportionally  scaled  sound-wave.  To 
examine  the  formation  of  echoes  in  a  vertical  section,  the  sides  of  a  model  are 
taken  off  and,  as  the  sound  is  passing  through  it,  it  is  illuminated  instantaneously 


Fig.  14.    Photograph  of  Sound-wave  and  Echoes.    Horizontal  Secti<Mi 

by  the  light  from  a  ver>'  fine  and  somewhat  distant  electric  spark.  In  the  accom- 
panying illustrations,  reduced  from  the  photographs,  the  silhouettes  show  parts  of 
the  shadows  cast  by  the  model,  and  all  within  are  direct  photographs  of  the  actual 

le 
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sound-wave  and  its  echoes.  Figs.  9  to  12  show  the  sound  and  its  echoes  at 
dififerent  stages  in  their  propagation  through  the  room,  the  particular  part  of 
the  auditorium  under  mvestigation  being  the  New  Theater  in  New  York  City.    It 


Fig.  15.    Photograph  of  Sound-wave  and  Echoes.    Horizontal  Section 

is  not  difficult  to  identify  the  master-wave  and  the  various  echoes  which  ft 
generates,  nor,  knowing  the  velocity  of  sound,  to  compute  the  interval  at  which 
the  echo  is  heard.    To  show  the  generation  of  echoes  and  their  propagation  ia 


Fig.  16.    Photograph  of  Sound-wave  and  Echoes.    Horizontal  Section 

a  horizontal  plane,  the  ceiling  and  floor  of  the  model  are  removed  and  the  photo- 
graph taken  in  a  vertical  direction.  The  photographs  shown  in  Figs.  1^  to  16 
show  the  echoes  produced  in  the  horizontal  plane  passing  through  the  marble 
parapet  in  front  of  the  box. 
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Soiutittii  of  Problems  Posiible  in  Adnuice  of  Conatrvctioa.  While 
these  several  factors,  reverberation,  interyerence  and  echo,  in  an  audi> 
torium  at  aU  complicated  are  themselves  complicated,  neverthefeas  they  are 
capable  of  an  exact  solution,  or,  at  least,  of  a  solution  as  accurate  as  are  the 
architect's  plans  in  actual  construction;  and  it  is  entirely  possible  to  calculate 
in  advance  of  construction  whether  or  not  an  auditorium  will  be  good,  and,  if 
not,  to  determine  the  factors  contributing  to  its  poor  acoustics  and  a  method  for 
its  correction. 

SPECIFIC  GRAVITT 

The  Specific  Gravity  of  a  substance  is  the  number  which  expresses  the  ratio 
that  the  weight  of  a  given  volume  of  the  substance  bears  to  the  weight  of  the 
same  volume  of  distilled  water  at  a  temperature  of  62°  F.;  or,  the  speciBc  gravity 
of  a  body  is  equal  to  its  weight  divided  by  the  weight  of  an  equal  volume  of  water. 
The  specific  gravity  of  a  substance,  multiplied  by  the  weight  of  a  cubic  foot  of 
watev,  will  give  the  weight  of  a  cubic  foot  of  the  given  substance.  The  weight 
of  a  cubic  foot  of  water,  at  62**  F.  and  at  the  sea-level,  is  about  62.355  lb.*  The 
specific  gravity  of  a  solid  substance  may  be  determined  by  first  weighing  a  por- 
tion of  it  in  air  and  then  in  water  and  dividing  the  weight  in  air  by  the  loss  of  the 
weight  in  water;  the  quotient  is  the  specific  gravity  required. 

Example.  A  piece  of  granite  weighs  5.32  lb  in  air;  when  immersed  in  water 
it  weighs  3.32  lb. 

Solution.  Weight  in  air  (5.32  lb)  divided  by  loss  of  weight  in  water  (2  lb)  « 
2.66,  the  specific  gravity. 

2.66  X  62.355  lb  -  165.84  lb  -  weight  per  cubic  foot 

*  The  textbooks  differ  slightly  in  regard  to  this  value. 
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Tlvs  Ijws  for  {jp«;ifig  gmvities  is  pure  water  at  da'  P., 

VtiTQiQeter  3p  iUi    Weight  of  i  eu  H  of  Wfit«P, 

6a.3SSlb 


Afat^ , 9.5  to  9.8 

Akf  atmospheric  At  60*  P.,  und«r  prwMuye  of  €me  atmoa- 
phere.  or  14.7  lb  per  sq  in,  weight  Hu  the  weight  of  water 

Alabaster,  oarbocutte 3.61  to  a.ff 

Aloolnl,  abeolute,  at  32'  P 

Alcohol.  50  per  oeiit 

Alcohol,  95  per  cent 

Alcohol,  oommeroial 

Alder,  dryt , 0.4a  to  |. 01 

Alum 


Alumhkum,  hammered. , 

Alumlauxn.  drawn 

Aluminum,  sheet 

Aluminum,  pure 

Aluminum,  cast 

An^^oin, .,...,.,..  — , 13- 7  to  14. 1 

Amber , 

Ambevflris 

Ammonia,  <k>*  P 

Antimony,  cast 

Antimony,  native , 

Appla-wood,  dryt o.tf  toi.*s 

Arsenic , 5.1  tos.8 

Aabeatos , a.i  to 30 

Asbestos  sheathin»i)aper 

Ash,  American  white,  d^t  •  •  • 

Ashes  of  soft  coal,  solidly  paoksd 

Asphalt,  for  street-having 

Asphaltum...; , ...i. 11  to  1.83 

Ballast,  brick,  gmwi. . . , 

Bamboo,  dty  f 

Barium , ,. . 

Barytes , 

Basalt  or  tmp-raek,  avesags 

Jeteey  City.  N.  J « 

Dttlttth,  Minn , 

Stoten  Island,  N.  Y 

Beech,  dryf ei.fltof.ia 


Beer 

Birch,  dryt o.iatoi.oa 

Bismuth,  c^st 9-76  to  990 

Blood,  at  34*  P 

Bone 1.9  toa.o 

Bona 1.7  to  1.8 

Boxwood,  Trench,  dry  f 


Average 

Aveagt 

WWIIW 

mmAiai 

JP»V»ty, 
Water-  i 

Ifuft 
lb 

f« 

I89I 

a.oeim 

o«TOT 

t.M 

Ifi7.i 

0.194 

498 

0.934 

J«.M 

0.81S 

»i 

o«3S 

81  W 

•«« 

34^ 

i.Ta 

107.4 

•  W 

171.7 

S.68 

^% 

•^ 

1888 

«•» 

188.8 

•  56 

i8of 

1390 

m-n 

i.oa 

874 

o.8y 

u 

•  •m 

6.f9 

4i8.o 

«•? 

41^.0 

•  fl 

1*» 

^.?3 

9873 

a.8i 

iff.o 

I  M 

fS.o 

0.61 

38.0 

O.fO 

40  to  48 

I.0O 

loe.o 

1.15 

«8UI78 

1.79 

III. 8 

0.36 

88.4 

3.88 

•fan 

4-^ 

8778 

3.9« 

184.8 

3.Q0 

1871 

:b 

l«40 
178.3 

0.74 

4i.O 

0  98 

880 

•  69 
1.04 

tl 

0.8s 

4*i 

9.89 

#189 

l.fli 

86.9 

1-90 

1188 

1  7S 

iq8.9 

1.33 

«3<» 

*  The  v^ues  given  in  tiib  table  for  specific  gravities  and  for  weights  per  cubic  foot  an 
AVBBAGB  valoes.  In  the  oomintAtiwM  nod  «MlpiUtiQWi  g^  |1um8  H^ln  tho  B^tor 
is  greatly  indebted  to  Mr.  T.  Z.  Talley  for  valuable  assistance. 

t  The  word  *  'diy"  in  thit  c«MeDann  lodimtga  (hut  (k8  vwni  fiontMBs  im  mm  t)|an 
is%  of  ■oiatuft.  Gum  timhan  HMglhf  weigh  ivm  tm§4iih  19  ne<u4ip  nmM  «^ 
than  diy;  oidinaqr  faufldigg-tigOMn.  lokntia  8fgfQB«di  8»NHIftb  "^^oOqIc 
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B^Mttb  OfiiTlfiM  Attd  Wdchti  per  CnVie  Voot  of  Vftitottt.  ftutattaees  * 

\Goiltilttt6d) 


Tlife  bans  for  t^edfic  gravities  is  pure  water  at  62*  P.» 

fatfometer  30  in«    Weight  of  i  cu  ft  of  water, 

d2.355lb 


Btfltfy. 


Pddipar 

Fflbttt-trec.  dry  t 

Pif.  Douglas  (Me  Douglts  Pir). 
Flint 


.3  4to4.3 


GwJlboiBfc 

Garnet 

Gtott.O^icAl 

GUOtt,  flint 

Glass.  #hitft 

Giasft .  plfttc 

Glass,  green 

Glatt,  floor,  heavy 

Gbi»,  window 

GiieiBs  (see  Gtanitet). 

Gold,  pvat : . 

(3old,  hainmend.  native 

(Sold,  east 

Graniteb  and  gnftiss,  Gonnecticut.  Greenwich 

Calilbmia^  Pentyii  (hornblende) 

KewYork 

Maryland,  Port  Deposit 

Mattachusetts.  Duincy  (hornblende) 

Wisconsin.  Athelstane 

GeorgU,  Lithofnia  and  Stone  Mountain 

Minnesota 

California.  Rocklih  (musoovite) 

Rhode  Island.  Westerlty 

C^onnecticUt,  New  London 

New  Hampshit«.  Keene 

Maine.  Hallowell 

New  Hampdhire,  Concord 

Veriuout,  Bartc 

Wisconsin*  Montello 

Colorado,  Georgetown  (biotite) 

Maine,  Pox  Island 

Massachusetts .  Rockport 

Oaphite 

Gravel,  dry 

GraVd.  wet 

Greenstone,  trap a. 8  to  3. a 

Grindstone 

Gum  trabic 

Gun-metal  (see  Bft>nze). 

Gunpowder  (granular) 

Gutta-percha 


Av«nce 

ftpeofte 

gravity. 

Water  -  x 


4.00 
0.93 
4.S7 
0.60 

a. 63 
x.ao 
3.8S 
345 
3.00 
a. 89 
a.8o 
a. 67 
^S3 
a.sa 

19.50 
19.40 
19.258 
2.«4 
a.T7 
2-74 
a. 72 
a. 70 
a.70 
a. 69 
a.68 
a. 68 
2.67 
a.66 
a.66 
a.6s 
2.6s 
2.65 
264 
a. 63 
263 
a.6i 
a. 26 
I  79 
a. 00 
3.00 
a  14 
132 

x.oo 
0.98 


*  The  values  given  in  this  table  for  specific  gravities  and  for  weights  per  cubic  foot  an 
AVBAAGS  values. 

t  The  word  *'  diy  **  in  thb  connection  indicates  that  the  wood  contains  not  move  tfao 
15%  of  moisture.  Green  timben  usually  weigh  from  one*fifth  to  neaxiy  one-hatf  man 
thandiy;  owUnaiy  building-timbers,  tolerably  scssoaed,  one-dxth  motc^Tp 
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Specific  Gnvitios  and  Weights  per  Cubic  Foot  of  Various  Sobstaacee'* 
(Conti]iue4) 


The  boais  for  specific  gravities  is  ptsre  water  at  63*  P.. 

baiometer  30  in.    Weight  of  z  cu  ft  of  water, 

62.3SS  lb 


Cinnabar 

Clay,  potters',  dry i .8  to  2. i 

Clay,  dry,  in  lump,  loose 

Coal,  anthiudte,  1.3  to  1.84;  of  Penn.,  1.3  to  1.7 

Coal,  anthracite,  broken,  of  any  size,  loose,  average 

Coal,  anthracite,  broken,  modoately  shaken 

Coal,  anthracite,  broken,  heaped  bushel,  loose.  77  to  83  lb 
Coal,  anthracite,  broken,  a  ton  loose  occupies  40  to  43 

cuft 

Coal,  bituminous,  solid.  1.2  to  1.5 

Coal,  bituminous,  solid.  Cambria  Co.,  Pa.,  x.27  to  1.34- 

Coal,  bitumtnoxis.  broken,  of  any  size,  loose 

Coal,  bituminous,  moderately  shaken 

Coal,  bituminous,  a  heaped  bushel,  loose.  70  to  78 

Coal,  bituminous,  i  ton  occupies  43t048cuft 

Coke,  loose,  good  quality 

Coke,  loose,  a  heaped  bushel.  3s  to  4a  lb 

Coke,  loose,  i  ton  occupies  8oto97cuft 

Concrete,  stone 130  to  150 

Concrete,  cinder 100  to  no 

Copper,  hammered 8.8  to  9.0 

Copper,  rolled 8.9  to  9.0 

Copper,  drawn  wire 8. 8  to  9.0 

Copper,  sheet 

Copper,  cast 8.6  to  8.9 

Copper,  melted 

Cork,  dry 

Corundtun.  pure 3-9a  to  401 

Creosote  oil 1. 04  to  1. 10 

Cypress,  American,  dry  f 

Dogwood,  dry  f 

Douglas  fir,  dry  f 

Earth,  common  loam,  perfectly  dry,  loose 

Earth,  common  loam,  perfectly  dry,  shaken 

Earth,  common  loam,  perfectly  dry.  rammed 

Earth,  common  loam,  slightly  moist,  loose 

Earth,  common  loam,  more  moist,  loose 

Earth,  common  loam,  more  moist,  shaken 

Earth,  common  loam,  more  moist,  packed 

Earth,  common  loam,  as  soft,  flowing  mud 

Earth,  common  loam,  as  soft,  flowing  mud.  well-pressed 

Ebony 

Eggs. 


Average 

specific 

gravity. 

Water-  i 


Elder-pith. . 
Elm,  dry  t. 
Elm,  rock. . 
Emerald.. . 


8.12 
I  90 
z.oi 
1.50 


I  35 


2.33 
1. 68 
8.9s 
8.9s 
8.89 
8.72 
8.82 
8.23 
0.24 
3.96 
1.07 
OSS 
0.7S 
o.si 


1.09 

0.076 

0.56 

0.80 

2.70 


Average 

weight  of 

I  cuft 

lb 


S07.0 
118. 5 
63.0 
93.5 
52  to  56 
56  to  60 


84.0 
79  to  84 
47  to  52 
51  to  56 


231032 


I4S.O 

105.0 

SS8.0. 

SS8.0 

554  5 

5436 

550.0 

513  o 

15.0 

247-5 

66.8 

34  3 

46.8 

31.8 

72  to   80 

82  to   92 

90  to  100 

70  to   76 

66to   68 

75  to   90 

90  to  100 

104  to  112 

no  to  120 

76.0 

68.0 

4  7 

35. 0 

50.0 

168. S 


*  The  values  given  in  this  table  for  specific  gravities  and  for  weights  per  cubic  foot  ai 
AVSRACB  values. 

t  The  word  '*diy*'  in  this  connection  indicates  that  the  wood  contains  not  more  tha 
15%  of  moisture.  Green  timbers  usually  weigh  from  one-fifth  to  nearly  one-half  moi 
than  diy;  ordinary  building-timbers,  tolerably  seasoned,  one^ixth  more. 
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ThQ  basis  (or  spacific  gmvitics  ii  vw  imler  nfc  6a*  P.. 

barometer  30  in.    Weight  q(  i  co  ft  of  wate? » 

fia.3SSlb 


Saaditone,  (continued) 

Ohio 

Michigan 

Wisconsin 

Minaeaota 

Colenulo 

Catilomia,  AnfBl  Island. 

Shaki.  red  or  bl^ok 

Silica.. 


Silver 

SUte 

Snow,  freshly  faUaa 

Snow,  moistened,  compacted  by  rain. 

Soapitone 

Soditvn 

Speltar 

Spirit,  rectified 

Spruce 

Steel,  east 

Steel,  wfoufht 

Sugar., 


Sycamore,  dry.' 

Talc 

TaUow 

Tamarack 

Tar 


Teak 

Tdlurium 

Tiles,  solid 

Tin.  rolled 

Tin,  cast 

Tin.  molten 

Tmp  (see  Basalt). 

Tunvrten 

Turpentine 

Type4netal,  cast. 

Uranium 

Urine 


Vineoar 

Walnut,  black,  dry 

Water,  pure  rain,  distilled,  at  3t^  9.. 

Water,  pure  rain,  distilled,  at  6a*  F..  barometer  30  in. . . . 

Water,  pure  rain,  distilled,  at  21a*  F..  barometer  id  in 

Water,  sea , i.oa6  to  i  .030 

Wax  (see  Beeswax). 

Willow 

Wine 

Zinc  or  spelter 6.8  to  7. a 


Average 

Average 

specific 

weight  of 

gravity. 

XCttft 

Water -I 

lb 

a,33 

X38.6 

a.3S 

X46.S 

a,aa 

U».6 

a.as 

Ufi.S 

a.33 

1413 

a.73 

SW.0 

«.flo 

lAa.o 

a.66 

1660 

xo.so 

«S4.S 

a,ai 

WO 

ftoM 

MlQSD 

<70.0 

:n 

0.9^ 

6(.o 

7.X0 

443.0 

0.834 

SI. 4 

0.40 

a.o 

7.9 

409.6 

7.8S 

4SB.6 

1.60 

uo.o 

0.S8 

36.S 

a.8i 

ITS.i 

0.94 

Sl.« 

0.3S 

nt 

1. 00 

6i.4 

0.70 

43.f 

6.a7 

300.9 

a.ao 

I36.S 

7.40 

461.S 

7.30 

4SI.O 

7.0a 

437f 

I0.U9 

Il9t.i 

o.«7 

S4.3 

10.4s 

6Sf.8 

ii.40 

IU3.0 

i.oa 

ii« 

s.ct 

«v.a 

o.te 

3fS 

«I4 
6a  30 

i.w> 

i0.f 
64.1 

K.eaS 

0.49 

».% 

I.OI 

639 

7.00 

XiA.S 

•  The  values  sNsn  in  this  tabk 
AVKRAGB  values. 

t  The  word  '♦Ay^  In  thb 

zs%  of  moistun.    Gnen  cinaben  » 
than  dry;  ordinary  bultdJns4imbem, 


fsr  ipeoiile  gnvitlas  and  for  w«%hta  per  «uUc  loot  are 


the  wood  tontafas  aot  BOR  than 
o»»4fth  to  neaifr  owhalf  aKve 
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WIRE-GAUGES  AND  METAL-DATA 

A  Wire-Gauge  is  a  method  of  designating  the  diameter  of  wires  or  the  thick- 
ness of  sheets  of  metal  by  the  numbers  of  a  table  arranged  on  a  certain  fixed  basis. 
There  are  at  the  present  time  several  gauges,  resulting  in  great  confusion. 
Table  XIII,  page  402,  gives  the  diameters  of  the  gauges  in  common  use.  The 
only  legal  gauge  in  this  country  is  the  United  States  standard  gauge,  described 
on  page  1514.  It  is  used  by  most  of  the  manufacturers  of  sheet  iron  and  steel 
and  tin  plate.  The  Brown  &  Sharpe  gauge  is  commonly  used  for  designating 
size  of  copper  wires  (see  page  1424);  also  for  sheet  copper  and  brass.  The 
American  Steel  and  Wire  Company  uses  the  old  Washburn  &  Moen  gauge  for 
all  their  steel  and  iron  wire  and  also  for  wire  nails.  The  sectional  areas  for 
this  gauge  are  given  on  page  1426.  When  placing  orders  for  sheets  and  wire, 
it  is  always  best  to  specify  the  weight  per  square  or  linear  foot  or  the  thickness 
or  diameter  in  thousandths  of  an  inch.  The  gauge  for  steel  wire,  used  by  the 
J.  A.  Roebling's  Sons  Company,  is  given  on  page  403,  and  the  drcular-mil 
gauge  on  page  1387. 
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Weights  in  Pounds  per  Square  Foot  of  Sheets  of  Wrought  Iron«  Steel,  Copper, 
and  Brass* 

Thickness  by  American  (Brown  &  Sharpe)  gauge  t 


No.  of 

gauge 

Thickness 
in  inches 

Iron 

Steel 

Copper 

Brass 

1 
I 

0000 

0.46 

18.40 

18.77 

20.84 

19.69 

000 

0.4096 

16.39 

x6.7t 

X8.S6 

17  53          , 

00 

0.3648 

1459 

14.88 

X6.53 

15.61 

0 

0.3249 

12.99 

13  25 

14.72 

13-90 

X 

0.2893 

XI. 57 

XX. 80 

x3.11 

1238 

2 

0.2576 

XO.31 

10.51 

XI. 67 

XX.  03 

3 

0.2294 

9.18 

936 

10.19 

9  82 

4 

0.2043 

8.17 

8.34 

9.26 

8.74 

5 

0.18x9 

7.28 

7.42 

8.24 

7.79         ' 

6 

0.1620 

6.48 

6.6x 

734 

6.93 

7 

0.1443 

5.77 

S.89 

6.54 

6.X8         > 

8 

0.1285 

S14 

5  24 

5.82 

S-SO 

9 

0.1144 

4.58 

4.67 

5.18 

490       ; 

10 

0.1019 

4.08 

4x6 

4.62 

4.36       ' 

XX 

0.0907 

363 

370 

4. IX 

388 

13 

0.0808 

3  23 

3  30 

366 

j-46 

13 

0.0720 

2.88 

2.94 

326 

3.08 

14 

0.0641 

2.56 

2.6X 

2.90 

2.74 

xs 

O.QS7I 

2.28 

2.33 

2.59 

2.44       1 

x6 

0.0508 

2.03 

2.07 

2.30 

a. 18        1 

17 

0.04S3 

i.8x 

185 

2.0s 

1-94        1 

I8 

0.0403 

1. 61 

1.64 

1.83 

1  73         , 

19 

0.0.159 

X.44 

X.46 

X.63 

1-54         , 

20 

0.0320 

1.28 

X.30 

X.4S 

1.37 

21 

0.0285 

1. 14 

X.16 

X.29 

1.22 

22 

0.02S3 

1. 01 

I  03 

i.xs 

X.06 

23 

0.0226 

0.903 

0.921 

X.02 

0.966 

24 

0.0201 

0.804 

0.820 

0.9XX 

0.860 

25 

0.0179 

0.716 

0.730 

0.8x1 

0.766 

26 

0.0159 

0.638 

0.650 

0.722 

0.68a 

27 

0.0142 

0.568 

0.579 

0.643 

0.608 

28 

0.0126 

OS06 

0.516 

O.S73 

0.541 

29 

0.0113 

0450 

0.459 

0.510 

0.48a 

30 

O.OIOO 

0.401 

0.409 

0.454 

0.429 

3X 

0.0089 

0  3S7 

0  364 

0.404 

0.38a 

32 

0.0080 

0.318 

0  324 

0.360 

0.340 

33 

0.0071 

0.283 

0.289 

0.321 

0303 

34 

0.0063 

0  252 

0.257 

0.286 

0.270 

35 

0.0056 

0.224 

0.229 

0.254 

0.240         ' 

Specific  gravity 

7.704 

7.85 

8.72 

8  24 

Weight  per  cubic  foot 

480.00 

489.60 

5436 

S136           , 

Weight  per  cubic  inch 

0.2778 

0.2833 

0.3146 

0.2972     , 

*  This  table  is  taken  from  the  handbook  of  the  Cambria  Steel  Company. 

t  As  there  are  many  gauges  in  use  differing  from  each  other  and  as  even  the  thkrknesaes 
of  a  certain  specified  gauge  are  not  a.ssumed  to  be  the  same  by  all  manufacturers,  orden 
for  sheets  and  wire  should  always  state  the  weight  in  pounds  per  square  foot  or  the 
thkkneas  in  thousandths  of  an  inch. 
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Sizes  and  Weights  of  Smooth  Steol  Wire^ 
As  made  by  the  American  Steel  and  Wire  Company 


No. 

of 

gauget 


Diameters 


I 


Fractions 
of  inch 


Decimals 
of  inch 


•  Sectional 


Milli- 
meters 


Weight 


Pounds 

per 
100  feet 


Pounds 
per  mile  i 


No. 
of  feet 

per 
pound 


oooooo 


9 

10 


13 
M 

IS 
l6 

17 
i8 
19 


22 
23 
24 


»H2 

'h" 


..... 

he 


*69 


I  o 


46IS 

.4375 
4305 
40625 
3938 
3750 
3625 
•34375 
3310 
3125 
306s 
.2830 
. 2812s 
.2625 
.2500 
2437 
22S3 

.21875 

2070 
1920 

.1875 
1770 

.1620 
15625 
1483 
1350 
125 

.1205 

1055 

09375 
OQIS 

.0800 
0720 
0625 
0S4O 
0475 

.0410 
0.V48 
0317 
O.^I  2S 
C286 

02^ 
02.10 


11.72 
11.11 
10.93 
10.32 

10.00 

9  525 

9  307S 

8.731 

8.407 

7.938 

7.7SS 

7.188 

7.141 

6.668 

6.350 

6.190 

S  723 

5.556 

5.258 

4.877 

4  763 

4  496 

4.11s 

3.969 

3.767 

3  429 

3  175 

3  061 

2.680 

2.381 

2.324 

2  032 

1.829 

1.S8S 

I  372 

1.207 

1.041 

0.8839 

0.8052 

0.79.?8 

0  7264 

o  6>5.^ 

0.SH42 


16728 
0.15033 
0.14556 
0.12962 
0.12180 

11045 
0.10321 


0.086049 

0.076699 

0.073782 

0.062902 

0.062126 

0.054119 

0.049087 

0.0466 ts 

0.039867 

0.037583 

0.033654 

0.028953 

0.027612 

0.024606 

0.020612 

0.019175 

0.017273 

'0.014314 

o  012272 

jo. 011404 

jo. 0087417 

{0. 0069029 

0.0065755 

jo. 0050266 
'0.0040715 
lo  00.10680  ' 
0.0022902  I 
O.OOI772I  I 
|o. 0013203  I 
0.00005115 
0.00078924 
'0.00076699 
'o  OD064242 
0.00052279 
o  00041548 


56.81 
51  05 

49  43 

44  02 

41.36 

37.51 

35.05 

31.52 

29.22 

26.0s 

25.06 

21.36 

21.10 

18.38 

16.67 

15.84 

13  54 

12. 76 

11  43 
9.832 
9.377 
8.356 
7.000 
6.512 
5.866 
4.861 
4- 168 
3.873 
2.969 
2.344 
2.233 
1.707 
1  383 
1.042 
0.7778 
0.G018 
o  4484 
o  32.V> 
0.2680 
0.2605 
0.2182 

0.1775 
0.X4IX 


29990 
26960 

a6io.o 
2324  o 
2184 .0 
1980.0 
1851  o 
1664  o 
15430 
1375  o 
1323  o 

II38.0 

1114  o 

970.4 
880.2 

836.4 

714.8 
^3.9 
603.4 

519  2 

495  1 

441.2 

3696 

343  8 

309.7 

256.7 

220.0 

204.5 

156.7 

123.8 

117.9 
90.13  ' 
73.01  I 
55  01 
41.07 
31-77  I 
23.67  ! 
17  OS 
14  15  ■ 
13  75 
11.52  ' 
9  37 
7-45 


1  76 

1-959 

2.023 

2.272 

2.418 

2.666 

2.853 

3  173 

3  422 

3839 

3  991 

4  661 
4.740 
5. 441 
5-999 
6.313 
7386 
7.83s 
8.7SO 

10.17 

10.66 

11.97 

14  29 

IS.36 

17.0s 

20.57 

24  00 

25.82 

33.69 

42.66 

44  78 

58.58 

72  32 

95  98 

128  60 

166.20 

223.00 

30960 

373  10 

383  90 

458.40 

563  30 

708.70 


*  For  iron  wire,  the  values  in  columns  6  and  7  should  be  multiplied  by  a98  and  for 
copper  wire,  by  i.n. 

For  other  wke-gauges  see  pages  40a,  403,  1387  and  1424. 
t  American  Steel  and  Wire  Company's  gauge. 
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Kinda  of  Wire  MfUiufActured  by  the  American  Steel  and  Wire 
Company 

Market-wire,  Nos.  oooo  to  iS. 

Annealed  stone-wire  or  weaving- wire,  Nos.  1 6  to  47. 

Tinned  market-wire,  Nos.  o  to  18. 

Tinned  stone- wire,  Nos.  16  to  40. 

Gun-screw  wire,  finished  with  great  care  as  regards  roundness  and  exactness 
to  gauge,  Nos.  18  to  50. 

Machinery-wire,  Nos.  00000  to  i8. 

Cast-steel  wire,  H-in  diameter,  down  to  No.  26. 

Drill  and  needle-steel  wire,  Nos.  12  to  25. 

The  term  market-wire  applies  to  the  ordinary  and  most  used  forms  of  Bes- 
semer ANNEALED,  BRIGHT,  GALVANIZED,  TINNED  and  COPPERED  wireS. 

Galyanized-Iron«Wire  Strand.  The  diameter,  list-price  per  100  ft,  weight 
per  100  feet  and  approximate  breaking-load  in  pounds  for  this  wire  is  given  in 
Table  XVI,  Chapter  XI. 


y  Google 


1428 


Metal-Data 


Part  3 


Wtights  and  Areas  of  Square  and  Round  Bars  and  Ciicaadt 
Round  Steel  Bars* 


Weights  are  lor  steel,  at  4896 lb  per  cu  ft 

Thickness 

or 
diameter. 

Weight  of 

D  bar 
I  ft  long. 

Weight  of 

0  bar 
I  ft  long. 

Area  of 
Dbar, 

Area  of 
Obar, 

enccoi 
Obar, 

in 

lb 

lb 

sqin 

sqin 

in 

Hn 

0.013 

0.010 

0.0039 

0.0031 

0.1963 

^64 

0.021 

0.016 

0.0061 

0.0048 

0.2454 

H2 

0.030 

0.023 

0.0088 

0.0069 

0.294s 

Ji* 

0.041 

0.032 

0.0120 

0.0094 

0.3436 

H 

0.053 

0.042 

0.0156 

0.0123 

0.3927 

%* 

0.067 

0.053 

0.0198 

O.CI5S 

0.4418 

5^3 

0.0B3 

0.06s 

0.0244 

0.0192 

0.4909 

'yu 

O.IOO 

0.079 

0.0295 

0.0232 

0.5400 

9i« 

0.I30 

0.094 

0.03S2 

0.0276 

0.5890 

»H4 

0.140 

O.IIO 

0.0413 

0.0324 

0.6381 

l^ 

0.163 

0.128 

0.0479 

0.0376 

0.6872 

»H4 

0.187 

0.147 

0.0549 

0.0431 

0.7363 

H 

0.213 

0.167 

0.0625 

0.0491 

0.7854 

'H* 

0.240 

0.188 

0.0706 

0.0554 

0.834s 

%2 

0.269 

0.211 

0.0791 

0.0621 

0.8836 

»W4 

0.300 

0.235 

0.068X 

0.0692 

0.9327 

Mfl 

0.332 

0.261 

0.0977 

0.0767 

0.9817 

11.^2 

0.402 

0.316 

0.1182 

o.o9a8 

1.0799 

H 

0.478 

0.376 

0.1.106 

0.XI04 

1.1781 

»Ha 

0.561 

0.441 

0.1650 

0.1296 

1.2763 

Ti6 

0.651 

0.511 

0.1914 

0.1503 

1.3744 

»Ha 

0.747 

0.587 

0.2197 

0.1726 

1.4726 

H 

0.850 

0.668 

0.2500 

0.1963 

1.5708 

»Jij 

0.960 

0.754 

0.2822 

0.22x7 

1.6690 

M6 

1.076 

0.84s 

0.3164 

0.248s 

1.7671 

»«§2 

1. 199 

0.941 

0.3525 

0.2769 

1.8653 

H 

1.338 

1.043 

0.3906 

0.3068 

1.963s 

»H« 

1.607 

1.26a 

0.4727 

0.3712 

2.1598 

3^ 

1.913 

1.502 

0.562s 

04418 

2.3562 

»^i« 

2  245 

1.763 

0  6603 

0.518s 

2.5525 

-i 

2.603 

2.044 

0.7656 

0.6013 

2.7489 

»M« 

2.989 

2.347 

0.8789 

0.6903 

2.9452 

*  Adapted  from  the  1912  Edition  of  the  Handbook  of  the  Cambria  Sted  Company, 
Johnstown,  Pa. 
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Woigbli  and  Areas  ol  Squara  and  Soaad  Steal  Ban  * 
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Thick- 

D 

0 

Thick- 

D 

0 

neas. 

Weight 

Weight 

ness. 

Weight 

Weight 

in 

Area. 

per 

Area. 

per 

in 

Ar«i. 

per 

Am. 

per 

aqin 

foot. 

aqin 

foot. 

aqin 

foot. 

aq  in 

foot. 

lb 

lb 

lb 

lb 

I 

I.OOO 

3.400 

0.785 

2.670 

3 

9.000 

30.60 

7.069 

24.Q3 

He 

i.iag 

3.838 

0.887 

3.0x4 

Me 

9.379 

31.89 

7.366 

25.04 

H 

1.366 

3303 

0.994 

3.379 

H 

9766 

33.20 

7.670 

26.06 

Me 

1. 410 

4795 

1. 106 

3.766 

Me 

10.16 

34  55 

7.980 

27.13 

H 

1.S63 

5.312 

1.227 

4.173 

H 

10.56 

35.92 

8.296 

28.30 

Me 

1.723 

5.857 

1353 

4.600 

Me 

10. 97 

3731 

8. 618 

29.30 

H 

i.lhjx 

6.438 

X.485 

S.049 

H 

11.39 

38.73 

8.946 

30.4a 

Me 

2.066 

7.026 

1.623 

5.5x8 

Me 

XI.82 

40.18 

9.381 

3X.S6 

H 

3.250 

7.650 

1.767 

6.006 

H 

12.25 

41.65 

9.621 

32.71 

Me 

2.441 

8.301 

1.918 

6.520 

Me 

12.69 

43x4 

9.968 

33.90 

H 

2.641 

8.978 

2.074 

7.0SX 

H 

13x4 

44.68 

10.32 

3S.09 

>He 

2.848 

9.682 

2.237 

7.604 

>He 

13.60 

46.24 

10.68 

36.31 

M 

3.063 

X0.4X 

2.40s 

8.178 

H 

14.06 

47.8a 

II. 05 

37.56 

»Me 

3*5 

II. 17 

2.580 

8.773 

»Me 

14. 54 

49.42 

11.42 

38.81 

H 

3.S16 

IX. 95 

2.761 

9.388 

?i 

15.02 

51.05 

11.79 

40.  xo 

»Me 

3-754 

12.76 

2.948 

10.02 

»Me 

15.50 

52.71 

12.18 

41.40 

2 

4.000 

13.60 

3  142 

10.68 

4* 

16.00 

54.40 

xa.57 

42.73 

Me 

4. 254 

X4.46 

3.341 

X1.36 

He 

16.50 

56.  II 

12.96 

44.07 

H 

4.S16 

15. 35 

3.547 

X2.06 

H 

17.02 

57.85 

13.36 

45.44 

Me 

4785 

16.27 

3.758 

X2.78 

Me 

17.54 

59.62 

M.77 

46.83 

H 

S.063 

17.22 

3.976 

X3.S2 

H 

18.06 

61.41 

X4  19 

48.24 

Me 

5.348 

18.19 

4.200 

14. 28 

Me 

X8.60 

63.23 

14. 6x 

49.66 

H 

5.641 

19.18 

4.430 

XS.07 

H 

19.  X4 

65.08 

XS.03 

51.  II 

Me 

5941 

20.20 

4.666 

15.86 

Me 

19.69 

66.9J5 

X5  47 

52.58 

H 

6.250 

21. 25 

4.909 

16.69 

H 

20.25 

68.85 

X5.90 

54.07 

Me 

6.566 

22.33 

5. 157 

X7.53 

Me 

20.82 

70.78 

16.3s 

55.59 

H 

6.891 

23  43 

5.412 

18.40 

H 

21.39 

72.73 

X6.80 

57. 12 

»He 

7.223 

24.56 

5.673 

19.29 

»He 

21.97 

74.70 

17.26 

58.67 

M 

7.563 

25. 7X 

5.940 

20.20 

M 

22.56 

76.71 

17.72 

60.35 

>Me 

7.910 

26.90 

6.213 

21.12 

»Me 

23.16 

78.74 

18.19 

61.84 

^ 

8.266 

28.10 

6.492 

22.07 

H 

23.77 

80.8X 

X8.67 

63.46 

»Me 

8.629 

29.34 

6.777 

23.04 

»Me 

2438 

82.89 

19.  IS 

65.10 

*  Adapted  from  the  19x2  Edition  of  the  Handbook  of  the  Cambria  Steel  Company, 
Johnstown,  Pa. 


y  Google 
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MtfUl-batft 


Part  3 


Weight!  tiiid  AiMi  of  Square  and  ttomid  Steel  Ban  *  (C<mtinaed) 
Weights  are  for  steel,  at  489.6  lb  per  cu  (t 


Thick- 

n 

0 

Thick- 

D 

0 

ncM. 

Weight 

Wei^t 

n«ss. 

Weight 

Weight 

in 

Area. 

per 

Awa, 

per 

in 

Area, 

per 

Area, 

per 

sqiil 

foot. 

lb 

tqin 

foot, 
lb 

sqin 

foot. 
•  lb 

aqin 

foot, 
lb 

i 

aj.oo 

85.00 

X9.64 

66.76 

7 

49.00 

X66.6 

38.49 

130.9 

Hi 

as.^ 

87.14 

ao.13 

68.44 

M 

S2.S6 

178.7 

41.28 

140.4 

26.27 

8930 

B0.63 

70.14 

H 

56.25 

191. 3 

44.18 

150.2 

^4 

a6.^ 

9^49 

at.  14 

7X.86 

H 

60.06 

204.2 

47.17 

X60.3 

H 

at.se 

M.72 

2X.6S 

7360 

8 

64.00 

217.6 

50.27 

171. 0 

fit 

a6.22 

W.96 

22.17 

75. 3r 

H 

68.06 

231.4 

S3.46 

181.8 

H 

86.^9 

98.23 

22.69 

77.1s 

H 

72.25 

245.6 

56.75 

193.0 

hi 

8957 

100.5 

23.22 

78.95 

H 

76.56 

260.3 

60.13 

204.4 

H 

30.25 

X02.8 

23.76 

80.77 

9 

81.00 

2754 

63.62 

2x6.3 

^i 

30.94 

X05.2 

4430 

82.6e 

H 

85.56 

290.9 

67.20 

228.5 

H 

31. (J4 

107.6 

24.85 

84.49 

Vi 

90.25 

306.8 

70.88 

241.0 

^Vii 

32  35 

IIO.O 

2541 

86.38 

H 

95.06 

323.2 

74.66 

aS3  9 

H 

3306 

II2.4 

tS.97 

88.29 

10 

xoo.o 

340.0 

78.S4 

267.0 

«M« 

33.79 

iU.9 

i6.S4 

90.22 

W 

105. 1 

357.2 

82.52 

260.6 

H 

34  Sa 

XI7.4 

27.11 

92.17 

H 

110.3 

374.9 

86.S9 

2944 

>W« 

35.25 

it9.9 

27.69 

94. 14 

H 

XI5.6 

392.9 

90.76 

308.6 

6 

36.00 

122.4 

28.27 

96.14 

tx 

121.0 

411.4 

9S.03. 

323.1 

H 

37.52 

127.6 

29.47 

too. a 

H 

ia6.6 

430.3 

9940 

337  9 

H 

39.06 

132.8 

30.68 

to4.3 

Vi 

132.3 

449.6 

103.9 

3531 

H 

40.64 

138.2 

31.92 

108.5 

H 

138.1 

469.4 

X06.4 

368.6 

42.25 

143.6 

33.18 

1X2.8 

12 

144.0 

489.6 

XI3.X 

384.S 

S:§ 

149.2 

34.47 

1X7.2 

H 

x$4'9 

35.79 

12X.7 

H 

47.27 

160.8 

37.12 

126.2 

...... 

*  Adapted  Irooi  tba  19x3  BdiUoa  of  tlie  Handbook  ol  the  Cambria  Sted  ComtMny. 
lohoflttwA.  Pg. 


y  Google 


Weights  o!  Flftt  Sted  Ban 
Weithli  b  Pwhh  ti)n»!t  Mi«d  WM  Hatt 

»<&  lilfCAtt  fMt 

Ott«  eubit:  foot  of  feted  wdghs  4^.6  lb 
For  thkkncaies  from  H«  in  to  ^c  in  and  widths  from  H  in  to  H  in 


I4ftl 


Width  of  baft  iachea 

Thicklie»» 
inclM 

H 

M« 

H 

Me 

H 

Mo 

H 

»Mo 

H 

Hfe 

l:^ 

o.oM 

0.080 

0.x  x( 

0.106 

O.X20 

0.133 

0.X46 

O.X59 

f«« 

Q.oa3 

o.xoo 

0.133 

0.149 

0.166 

0.X83 

O.X99 

Hi 

0.086 

o.xoo 

0.X20 

0.X39 

0.X59 

O.X79 

0.199 

0.319 

0.239 

^ 

o.«M 

O.I  16 

O.X39 

0.163 

0.K86 

0.009 

0,030 

0.256 

0.279 

H 

o.xo( 

0.133 

0.1S9 

0.186 

o.axa 

0.039 

0.266 

0.292 

e.319 

9«« 

0>Z3d 

0.149 

O.X79 

o»0o9 

O.039 

0.069 

0.099 

0.329 

0359 

^ 

O.I3S 

O.M 

0x99 

0.232 

0.266 

0.299 

0.332 

0.365 

0.398 

'H« 

0.146 

0.183 

o.ax9 

0.056 

0.090 

0.309 

0.365 

0.402 

0.438 

Ml 

o.tsd 

O.X99 
o.azi 

o.a39 

0.079 

0.3x9 

0.359 

o.39i 

0.438 

0.478 

»H4 

o.m 

o.tB6 

o.as9 

0.30a 

0.345 

0.388 

o.43« 

0.475 

0.5x8 

^ 

0.232 

0.279 

0.32s 

0.372 

0.418 

0.465 

0.51X 

0.558 

»H4 

o.i9» 

o.a4f 

0.099 

O.J49 

0.398 

0.448 

0.496 

0.548 

0.598 

H 

l:t^ 

0.266 

0.319 

o.37« 

0.425 

0.471 

0.53X 

0.584 

0.638 

]}%4 

o.iBa. 

0.A3I 

0.395 

0.45a 

0.506 

0.564 

0.62X 

0.677 

Nft 

0*39 

0.299 

0.359 

0.41A 

0.47S 

0.538 

0.598 

0.657 

0.7x7 

»H4 

o.asa 

0.31I 

0.379 

o.44« 

0.5QB 

0.568 

0.631 

0.694 

0.757 

ts. 

0.^ 

0.33a 

o.aoi 

0.465 

.0.531 

0.59I 

0.664 

0.730 

0.797 

o.aw 

0.349 

0.418 

0.488 

0.558 

0.628 

0.697 

0.767 

0.827 

»>fa 

0.292 

0.36i 

0.438 

0.511 

0.584 

o.6s7 

0.730 

0.804 

0.877 

•H4 

o.a«? 

0.3Ba 

0.4SS 

O.S35 

0.6X& 

o.68f 

0.764 

0.840 

0.9x6 

0.319 

0.39« 

o.47< 

0.558 

0.63I 

0.717 

0.797 

0.877 

0.956 

o.wa 

0.4XS 

0.49i 

0.58X 

0.664 

0.747 

0.830 

0.9x3 

0.996 

>Hs 

0.34s 

0.432 

0.5x8 

0.604 

0.691 

0.777 

0.863 

0.950 

1.04 

•Hi 

0.359 

0.448 

0.338 

0.608 

0.7x7 

0.807 

0.896 

0.986 

1.08 

?} 

0.374 

b.46s 

0.358 

0.65X 

0.744 

0.837 

0.930 

t.02 

I.X2 

*9i4 

b.^i 

0.481 

0.578 

0.674 

0.770 

0.867 

0,963 
0.990 

1.06 

x.x6 

iH. 

0.39d 

0.49^ 

0.598 

0.697 

0.797 

0.89^ 

k.xo 

X.20 

*U4 

b.4ia 

0.315 

0.6x8 

O.70X 

0.803 

0.906 

X.03 

k.i3 

1.04 

H 

t.Aii 

O.53X 

0.838 

0.744 

0.850 

o.9S(J 

1.06 

t.x7 

X.28 

*H* 

b.438 

b.fc4A 

0.657 

0.767 

0.877 

0.986 

X.IO 

1.2X 

X.31 

^H. 

t).4Sa 

b.s64 

0.677 

0.790 

0.903 

1. 02 

X.X3 

t.24 

X.3S 

•H« 

0.4flS 

0.581 

0.697 

O.8I3 

0.930 

f.6S 

I.I6 

X.A8 

1.39 

Me 

o.47« 

O.S98 

0.7x7 

0.837 

0.956 

X.06 

1.20 

X.3X 

1.43 

y  Google 
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Metal-DaU 


Part  3 


For 


m  UNCAR  FOOT 

iron  Ht  to  a  in  and  widtha  iron  i  to  3  ia 


Width  of  bar,  inches 

Thicknew. 
inches 

I 

xH 

xH 

xH 

a 

aM 

aH 

a9< 

3 

Ha 

0.2X 

0.36 

0.3a 

0.37 

0.43 

0.48 

053 

0.S8 

0.63 

H 

0.43 

0.S3 

0.64 

0.7s 

0.8S 

0.96 

1.06 

X  17 

x.a8 

M« 

0.63 

0.79 

096 

X.XI 

x.a8 

X.44 

X.59 

I  75 

X  91 

H 

0.85 

1.06 

x.a8 

X  49 

X.70 

X.9X 

a.xa 

a.34 

a.ss 

Mt 

x.a6 

1.33 

X.S9 

X.86 

2.1a 

a.39 

a.6s 

a.9a 

3.19 

H 

I. as 

X.S9 

1.92 

a.a3 

2SS 

a87 

3. 19 

351 

383 

Mt 

1.49 

1.86 

a.a3 

a.6o 

a.9« 

335 

37a 

4.09 

4.46 

H 

1.70 

a.xa 

a. 55 

a.98 

3  40 

383 

4  as 

4.67 

5.10 

9it 

1.9a 

»39 

a.87 

335 

3-83 

430 

4.78 

Sa6 

5.74 

H 

a.xa 

a. 65 

3.19 

3.7a 

4  as 

4.78 

S3I 

5.84 

638 

>H6 

a.34 

a.9a 

3.51 

4.09 

4.67 

5.a« 

S.84 

643 

7.0a 

H 

».5S 

319 

383 

4.47 

5x0 

575 

6.38 

7.0a 

765 

•Me 

a.76 

3.45 

4.14 

4.84 

5  53 

6.  ax 

6.90 

7.60 

8a9 

H 

a.98 

3.7a 

4.47 

S.ao 

595 

6.69 

7-44 

8x8 

«93 

»Me 

3.19 

3.99 

4.78 

558 

6.38 

7.18 

797 

8.77 

957 

X 

3.40 

4as 

5x0 

595 

6.80 

•7.6s 

850 

9.35 

10. ao 

xH« 

3.61 

4.sa 

5.4a 

6.3a 

7  aa 

8.13 

9.03 

9-93 

X084 

iH 

3-83 

4.78 

574 

6.70 

7.65 

8.6x 

9.57 

xo.sa 

XI. 48 

xH< 

4.04 

505 

6.06 

7.07 

8.08 

9.09 

xo.xo 

XX. XX 

xa.12 

xH 

4a5 

531 

6.38 

7-44 

8.50 

957 

X0.63 

IX  .69 

ia.75 

iMt 

446 

558 

6.69 

7.8X 

893 

ie.04 

X&.X6 

ia.a7 

13  39 

xH 

4.«7 

5S4 

7.0a 

8x8 

935 

xo.sa 

XX.69 

ia8s 

1403 

xM. 

4.»9 

6x1 

7.34 

8.56 

9.78 

IX. 00 

xa.aa 

13.44 

14  66 

iW 

S.xo 

6.38 

76s 

8.93 

xe.ao 

XI  48 

ia.75 

14  03 

IS30 

xMt 

SSa 

6.64 

7-97 

930 

10.83 

XI.95 

X3.a8 

14.61 

15  94 

xH 

SSa 

6.90 

8.89 

9«7 

XX  OS 

ia.43 

13.81 

IS.  19 

I6s8i 

x»H« 

5. 74 

7.17 

8.6x 

X0.04 

XI. 47 

xa.91 

X4-34 

IS.78 

X7  aa 

iH 

S.9S 

7.44 

893 

xo.4a 

XX  .90 

13.40 

X4.88 

16.37 

17.85 

1 

x»«e 

6.X6 

7.70 

$H 

10.79 

xa.33 

13  86 

IS  40 

16.9$ 

1 
It.  49 

iH 

6.JS 

7.97 

957 

XX.  X5 

la.75 

1434 

1594 

17.53 

19  U 

i»Wt 

6.S9 

8.84 

9.» 

n.53 

X3X8 

1483 

16.47 

X8.U 

1977 

2 

6.80 

8.50 

xe.ao 

XX.90 

X3.60 

X5.30 

X7  00 

X8.70 

ao.40 

y  Google 


Weights  o£  Flat  Steel  Bars 
WallM  in  PooBda  ol  Vtat  EolM  BtMl  Bun  (€ 

VXR  IIMBAR  KMn 

For  thkknfet  iram  Ha  to  a  in  and  widtfai  fram  jM  to  7H  in 


1433 


Width  of  btf.  inches 

Tbkknen, 

3H 

4 

4^ 

5 

SH 

6 

6W 

7 

7H 

H< 

0.75 

0.85 

0.96 

x.o6 

X.X7 

x.a8 

1.39 

x.49 

X.60 

H 

X.49 

X.70 

1.9a 

2.13 

a.34 

2.55 

2.77 

2.98 

3x9 

He 

a.aa 

a.55 

a.87 

3.19 

3.5X 

3.83 

4x4 

4.46 

4.78 

H 

a.g« 

3.40 

3.83 

4.2s 

4.^ 

S.io 

5.53 

595 

6.36 

M« 

3.73 

4.3S 

4.78 

5  3X 

S.S4 

6.3B 

6.90 

7.44 

7.97 

H 

4.47 

5- 10 

5-74 

6.38 

7.0a 

7.6s 

8.a9 

8.93 

9-57 

hB 

S.ao 

S.9S 

6.70 

7.44 

8.x8 

8.93 

9.67 

10. 4X 

XX.  x6 

H 

S.9S 

6.80 

r.65 

8.50 

9.3$ 

xo.ao 

XX.05 

XX.90 

xa.75 

hB 

6.70 

7.6s 

8.6x 

957 

lo.sa 

XX.48 

xa.43 

X3.39 

X4.34 

H 

7-44 

8.50 

957 

10.63 

XX.69 

ia.7S 

X3.8X 

14.87 

15.94 

»H» 

8.18 

935 

xo.sa 

XI.69 

ia.8s 

X4.03 

xs.ao 

X6.36 

17. S3 

H 

•93 

10.  ao 

XX.48 

X2.7S 

14.03 

X5.30 

X6.58 

17.85 

19.  X3 

»«• 

9^7 

IX.05 

xa.43 

X3.8I 

15.19 

X6.58 

X7.9S 

X9-34 

ao.7a 

H 

10.41 

IX. 90 

X3.39 

X4.87 

16.36 

X7.8S 

19.34 

20.83 

2232 

»M» 

XX.  x6 

"75 

X4.34 

XS.94 

X7.S3 

X9.X3 

ao.7a 

aa.3a 

a39X 

I 

XX.90 

X3.60 

XS.30 

X7.00 

X8.70 

ao.40 

aa.xo 

a3.8o 

as. 50 

xHa 

xa.6$ 

14.4s 

x6.a6 

X8.06 

X9.87 

ax. 68 

23.48 

25.29 

37. xo 

iH 

X3-39 

IS.30 

X7.aa 

X9.X3 

ax. 04 

22.95 

24.87 

a6.78 

aS.68 

xH« 

X4.X3 

x6.is 

X8.X7 

ao.19 

aa.  31 

24.23 

a6.a4 

a8.a6 

3o.a8 

iH 

14,87 

X7.00 

X9.X3 

ax. as 

23.38 

25.50 

a7.6a 

29.75 

3x88 

xM» 

IS. 6a 

17.85 

ao.o8 

aa.3a 

2454 

a6.78 

a9.oi 

3X.23 

33.48 

xH 

X6.16 

X8.70 

ax. 04 

23.38 

25.7X 

a8.Q5 

30.39 

32.72 

35.06 

iT<« 

X7.X0 

X9.85 

ax.99 

24.44 

a6.88 

29.33 

3X.77 

34.2X 

36.66 

xM 

X7.8S 

ao.40 

aa.9S 

25.S0 

aS.os 

30.60 

33x5 

35.70 

38.a6 

ih* 

X8.60 

ai.as 

a3.9X 

26.57 

a9.aa 

3X.88 

34.53 

37. X9 

39.84 

iH 

X9.34 

aa.  10 

24.87 

27.63 

30.39 

33.15 

3S.9X 

38.67 

41.44 

i»Mt 

ao.o6 

aa.9S 

as.8a 

a8.69 

31.55 

34.43 

37.30 

40.16 

4303 

iH 

ao.83 

a3.8o 

26.78 

29.7s 

3a.73 

35.70 

38.68 

41.6s 

4463 

x«M» 

ai.S7 

24.6s 

27-73 

30.81 

33.89 

•36.98 

40.05 

43  X4 

46.aa 

sH 

aa.3X 

as.  so 

28.69 

3X.87 

3S.a6 

38.as 

4X.44 

4463 

47.8a 

x^M* 

a3*o6 

a6.35 

29.64 

32.94 

36.a3 

3953 

4a.8a 

46.  xa 

49.4X 

2 

a3.8o 

a7.ao 

30.60 

34.00 

37.40 

40.80 

44.20 

47.60 

5X.00 

y  Google 
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MoUl-Data 


Pirt  3 


WaillMi  in  PMBdB  «l  mmt  RolM  9ImI  Una  (CaaHwat) 

VBR  UNBAR  TOOT 

lof  thicfcmm  ham  M«  to  a  In  «ad  widths  fimB  ft  to  it  In 


Width  of  bar.  inches 

Thiclcneas. 
inciies 

S 

m 

9 

9H 

zo 

loH 

XI 

iiM 

12 

Ht 

1.70 

1.81 

I.91 

».Ofl 

2.X3 

S.23 

2.34 

2.45 

2.SS 

H 

3.40 

3.61 

3.82 

4.04 

4-25 

4.46 

4.68 

4.89 

5. 10 

«• 

5.10 

S  42 

5.74 

6.06 

6.38 

6.70 

f.OS 

7.32 

7.65 

H 

6.86 

T.22 

7.6s 

8.06 

8.50 

8.9s 

9.34 

978 

10.20 

M« 

8.S0 

903 

956 

10.10 

10.6s 

IX.  16 

11.68 

12.22 

1275 

H 

xo.ad 

10.84 

".48 

12.12 

If.75 

1339 

14.03 

14.68 

15  30 

Me 

11.90 

12.64 

IS  40 

14.14 
x6.i« 

14.88 

15.62 

16.36 

17.12 

17.85 

H 

13.^ 

14.44 

15.30 

11. bb 

1T.85 

X8.70 

1955 

20.40 

^t 

1530 

16.26 

17.22 

18.18 

19.14 

20.08 

21.02 

22.00 

M9S 

H  . 

iT-oo 

18.06 

19  13 

20.  Xf 

21.25 

22.32 

23.38 

24.44 

2550 

>Mt 

18.70 

19.86 

21.04 

22. 2X 

23.38 

24  54 

25.70 

26.8S 

28.0s 

H 

ao.40 

21.68 

22.96 

24.23 

2550 

26.78 

28.05 

2933 

30.6o 

»M« 

M.XO 

23.48 

24.86 

26.24 

21.62 

29.00 

30.40 

31.76 

33.1s 

'/i 

23.80 

2530 

26.78 

28.26 

2975 

31.24 

32.72 

34.21 

4570 

^Me 

23.30 

27.10 

28.69 

30.28 

3i.88 

33.48 

33. 06 

36.66 

38.25 

1 

27.20 

28.90 

30.60 

32.30 

34.00 

3370 

37.40 

39  10 

40.80 

iMe 

28.90 

30.70 

32.52 

3432 

36.12 

3T.9t 

39.74 

41. $4 

43  35 

iH 

30.60 

32  52 

34  43 

3*34 

38.2^ 

40.IT 

42.06 

44.00 

45  90 

xMe 

32.30 

34.32 

36.34 

38.36 

40.38 

42.40 

44  42 

46.44 

4«45 

iH 

3400 

36.12 

38.26 

40.37 

42.50 

44.63 

46.76 

48.88 

51.00 

iH« 

33.70 

37.93 

40.16 

42.40 

44.64 

46.86 

4908 

51.32 

53  55 

iH 

3».40 

39.74 

42.06 

44  41 

46.7s 

49  06 

51.42 

5376 

56.10 

iM« 

39-10 

41  54 

44  00 

46.44 

48.88 

51.32 

5376 

5621 

56.65 

iM 

40.80 

43  35 

45.90 

48.45 

51.00 

53  55 

56x0 

58.65 

61.20 

iMe 

4250 

45  16 

47.82 

50.48 

5314 

55.78 

58.42 

61.10 

#375 

iW 

44.20 

46.96 

49  73 

52.49 

55.25 

5«.02 

60.78 

6354 

66.30 

i»H« 

4590 

48.76 

51.64 

54  51 

57  31 

60.24 

63.10 

65.98 

68  85 

if4 

47.60 

50.58 

53.56 

5<5S 

5950 

62.48 

6S45 

68.43 

71  40 

i»M« 

4930 

52.38 

55  46 

58.54 

61.62 

64.70 

67.80 

70.86 

7395 

tH 

51.00 

54.20 

57.38 

60.56 

6375 

66  9J 
69.1I 

70.12 

73.31 

76  SO 

i»Me 

52.70 

56.00 

5929 

62.58 

6588 

7246 

7576 

790s 

a 

54. 4© 

57.80 

6x20 

64.60 

68.00 

71.40 

7480 

78.20 

8x60 
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Estimating  Weights  of  Metals  1435 

KniM  for  Xttimati&g  the  Wdight  of  say  Pioco  of  Wrought 
Iron,  Steel  or  Cost  Iron 

Wrought  Iron. 

One  cubic  foot  of  wrought  iron  weighs 480  lb 

One  square  foot,  one  inch  thick,  weighs 40  lb 

One  square  inch,  one  foot  long,  weighs 3W  lb 

To  find  the  weight  per  square  foot  of  sheet  iron,  multiply  the  thickness  in 
inches  by  40. 

To  find  the  weight  per  linear  foot  of  bars  of  any  section,  multiply  the  cross- 
aectional  area  in  square  inches  by  3H. 

StMl. 

One  cubic  foot  of  steel  weighs 489.6  lb 

(Or  just  2%  more  than  wrought  iron.) 

One  square  foot,  one  inch  thick,  weighs 40.8  lb 

One  square  inch,  one  foot  long,  weighs 3-4  lb 

To  find  the  weight  per  linear  foot,  of  bars  of  any  section,  multiply  the  cross- 
sectional  area  in  square  inches  by  3.4;  or,  if  the  weight  is  known,  the  exact  sec- 
tional area  may  be  obtained  by  dividing  by  34. 

Cast  Irhl 

One  cubic  foot  of  cast  iron  weighs 450  lb 

One  square  foot,  one  inch  thick,  weighs 37Vi  lb 

One  square  inch,  one  foot  long,  weighs iH\b 

One  cubic  inch  weighs 0.26  lb 

The  weight  of  irregular  castings  must  be  estimated  by  the  cubic  inch. 

Roles  for  Weights  of  CastiiigB 

Multiply  the  weight  of  the  pattern  by  18  for  cast  iron,  13  for  brass,  19  for  lead, 
12.2  for  tin,  1x4  for  sine;  the  product  is  the  weight  of  the  casting. 

Redactio&  for  Round  Cores  and  Core-Prints 

Ral«.  Multiply  the  square  of  the  diameter  by  the  length  of  the  core  in  inches, 
and  the  product  multiplied  by  0.0x7  is  the  weight  of  the  pine  core  to  be  deducted 
from  the  weight  of  the  pattern. 

Shrinkage  in  Castings 


Pattera-malnn*  Rule 


Cast  iron..  H 

Brass M« 

Lead H 

Tin Ha 

Zinc Me. 


of  an  inch  tonger  per  linear  foot 


y  Google 


1436  MeUl-DaU  Part  3 

Weiflits  of  Sqnara  CMt-IitMK  Cohimiw  in  Poiuids  par  Linaar  Voot  * 


b 
2a-\-2b 

t 

Thickness  of  metal,  inches 

Hin. 

Hin. 

Jiin. 

lin. 

iH  in. 

iM  in. 

iHin. 

iH  in. 

2  in. 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

u 

18.6 

31. X 

233 

35.0 

26.4 

37.3 

38.1 

14 

33.S 

35.8 

38.7 

31.3 

33.4 

35.1 

37.5 

x6 

36.4 

30.S 

34.3 

37.5 

40.4 

43.0 

46.9 

49.2 

500 

i8 

303 

35.2 

39.7 

438 

47  4 

50.8 

S6.3 

60.2 

62.5 

30 

34  3 

39.8 

45.1 

50.0 

54. 5 

586 

65.6 

71.1 

75.0 

33 

38.1 

44.5 

S0.6 

S6.3 

61.5 

66.4 

75.0 

83.0 

87.5 

34 

42.0 

49.3 

S6.1 

63.5 

68.5 

74.3 

84.4 

930 

100. 0 

36 

45.9 

539 

61.5 

68.8 

756 

83.0 

938 

1039 

112. S 

38 

49.8 

58.6 

67.0 

75.0 

826 

89.8 

IQ3.1 

114.8 

125.0 

30 

S3  7 

63.3 

73.5 

81.3 

89-6 

97.7 

112.5 

135.8 

137  5 

33 

S7.6 

68.0 

77.9 

87.S 

96.7 

1055 

131.9 

136.7 

XSO.o 

34 

61. s 

72.7 

83.4 

93.8 

103.7 

113.3 

131.3 

147.7 

162.5 

36 

654 

77-3 

88.9 

100.0 

110.7 

121.1 

140.6 

158.6 

175  0 

38 

69.3 

82.0 

94.3 

106.3 

117.8 

1289 

150.0 

169.5 

187.5 

40 

73  2 

86.7 

99.8 

113.$ 

134.8 

136.7 

159  4 

180.5 

200.0 

42 

mi 

91-4 

10S.3 

XI8.8 

131.8 

144  5 

166.8 

191.4 

312  S 

44 

8z.o 

96.1 

1x0.8 

125.0 

138.8 

153.3 

178.1 

302.3 

235.0 

46 

849 

100  8 

116.3 

131.3 

145  9 

160.3 

187.5 

213.3 

237  5 

48 

88.8 

lOS.S 

121. 7 

1375 

153.9 

188.0 

196.9 

2242 

250.0 

SO 

93.8 

no. 2 

127.2 

143.8 

1599 

175.8 

306.3 

235.2 

262s 

52 

96.7 

II4.8 

132.6 

iso.o 

167.0 

X83.6 

315.6 

346.1 

275.0 

54 

100.6 

119.S 

138.1 

156.3 

174.0 

191.4 

325.0 

257.0 

2875 

S6 

X04.S 

124.3 

143.6 

163.5 

X81.0 

199.3 

334.4 

366.0 

300.0 

58 

108.4 

128.9 

149.0 

168.8 

188. 1 

307.0 

243.8 

278.9 

3ia.s 

60 

1X3.3 

I3S-6 

1S4S 

175.0 

195.1 

3X49 

253.2 

269.8 

3350 

63 

XI6.2 

138.3 

160.0 

181.3 

303.I 

333.7 

363.5 

300.8 

337  5  1 

64 

X30  X 

143.0 

165.4 

187.S 

309.3 

230.5 

271.9 

311.7 

350.0  1 

66 

134.0 

147.7 

170.9 

193.8 

316.3 

338.3 

281.3 

322.7 

3625  1 

68 

127-9 

152.3 

176.4 

300.0 

333.2 

246.x 

290.6 

333.6 

375  0  , 

70 

X3I.8 

157.0 

181.8 

306.3 

230.3 

3539 

300.0 

344.5 

387  5  1 

1 

7a 

135.7 

X61.7 

187.3 

313.  S 

237.3 

261.7 

3094 

3555 

400.0 

74 

139-6 

166.4 

192.8 

218.8 

244.3 

269.5 

318.8 

366.4 

4X3.5 

76 

143-5 

171. 1 

198.3 

225.0 

251.3 

277.3 

328.1 

377.3 

4250 

78 

147.4 

I7S.8 

203.7 

231.3 

258.4 

385.3 

337. 5 

388.3 

437S 

80 

ISI  3 

180.S 

^07.2 

337. 5 

365.4 

393.0 

346.9 

399.2 

450.0'" 

J 

*  Birkmire. 
.    t  a  and  b  «■  either  side,  outside  measurement.    2  a  +  a  6  -■  number, 
been  made  in  this  table  lor  comers  counted  twice. 


Allowance  has 


de.  What  is  the  weight  per  linear  foot  of  a  13  by  16  by  i  in  thid 
column? 

Solntion.  3a+36*- 34+33- 56.  Opposite  this  number,  under  x-in-thick 
metal,  we  find  162.5,  or  weight  per  linear  foot  of  a  column  X2  by  x6  by  x-in-thick. 

Note.  For  flanges,  brackets,  etc.,  calculate  the  cubical  contents  of  same  and 
multiply  by  0.26;  cast  iron  averages  450  lb  per  cu  ft. 


Digitized  by 
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Weights  of  Cast-Inm  Columns 
Woigbls  par  Ilnoar  Foot  of  Circular  Cost-Ifon  CoIwiiim *t 


1437 


Outside 

diameter, 

inches 

Thickness  of  metal,  inches 

^in. 
lb 

Hin. 
lb 

9iin, 
lb 

Hin. 
lb 

lin. 
lb 

iHin, 
lb 

154  in. 
lb 

iHin. 
lb 

3 
4 
5 
6 
7 
8 
9 

10 

II 
la 
13 
14 
15 
l6 
17 
x8 
19 
ao 
ai 
2a 
23 
a4 

12.3 
17.2 
22. X 

ar.o 
3a. 0 
36.8 
41-7 
46.6 
51.6 
56.5 
6X4 
66.3 
71.2 
76.1 
8i.o 
86.0 
91.0 
96.0 
100.6 
X05.6 
xxo.s 
1154 

14.6 

3X.0 
37.0 
33.0 
39.1 
453 
51.4 
57.5 
64.0 
70.0 
76.0 

83.1 

88.3 
94.4 
XO0.5 
107.0 
XX3.0 
XI9.0 

X3S.0 
131.3 
137.3 
143.5 

X6.60 
34.00 
31.30 
39.00 
46.00 
53.40 
6x.xo 
68.X3 
75. SO 
83.87 
9033 
97.60 
104.96 
113. 33 
130.10 
137.00 
134.40 
X43.IO 
140.10 
156.50 
X64.IO 
X7I.30 

18.30 
37.00 
35.50 
44.00 
53.00 

6X.30 

70.00 

78.41 

87.10 
96.  xo 
X04.30 
xi3.ao 
X21.40 
130. xo 
139  10 
147.00 
156.00 
164.30 
173.10 
181.50 
190.10 
19900 

X9.6 
29-5 
39.3 
49-1 
590 
69.1 
78.6 
88.4 
98.3 
X08.0 
1X8.  X 

138.  X 

137.5 
147-3 
157-1 
167.0 
177.1 
186.6 
196.6 
306.3 

3X6.  X 

326.0 

32.1 
430 
54.1 

65-1 
76.1 
87.1 
98.0 
109. 1 
lao.o 
131.3 
143.0 
153.3 
164.3 
175-4 
186.4 
197$ 
308.8 
3x9.6 
330.6 
343.0 
353.0 

'33'8 
46.0 
58.3 
70.6 
83-1 
95-1 
107.4 

130.x 
133.1 

144. a 
IS6.5 
169.4 
18X.0 
193.3 
306.6 
ai8.i 
230.1 
243.4 
2550 
367.0 
379.3 

35-4 
49.0 
62.4 
76.1 
89-5 
103.  X 
116.4 
130.1 
143.5 
1S7.I 
170.4 
184.1 
197.4 

311.0 
224.4 

238.0 
2$1.S 

26S.O 
378.0 
393.0 

305-4 

Outside 

diameter, 
inches 

3 
4 

5 
6 

7 
8 
9 

10 
XX 

la 
13 
14 
IS 
i6 
17 
i8 
19 
ao 
ax 
aa 
23 
24 

Thickness  of  metal,  inches 

xHin, 
lb 

i^in. 
lb 

i)i  in. 

lb 

xj^in. 
lb 

3  in. 

lb 

3Hin, 
lb 

3Win, 
lb 

2Hin. 
lb 

SI. 54 
66.30 
81.00 
95.80 
1x0. so 

125.20 

140.00 

15470 
X69.40 
184.10 
198.90 
2x3.50 

238.30 

243-00 
357.70 
373.50 
387.30 

303.00 

3x6.70 
331.40 

54.  X 
699 
85.6 
101.8 
117-7 
133  7 
149.6 
165.6 

xSt.s 

197.4 
313.4 
329.4 
345. 3 
36X3 
377.3 
293.3 
309.0 
325.1 
341  0 
357.0 

"55'84 
73.03 
90.30 
107.40 
124.60 
143. CO 
159.00 
176.00 
193.30 

310.50 
227. 70 
244.90 
262.00 
279.20 
396.40 
313.60 

330.80 
348.00 
365.10 
383.30 

57.5 
76.0 
94.3 
112.8 
13x2 
149-6 
168.0 
186.4 
204.8 
223.2 
241.6 
260.0 
378.4 
396.8 
31S.2 
3336 
352. 1 
370.5 
388.9 
407-3 

"78:6 
98.3 
117.8 
137.5 
157.1 
176.8 
196.4 
316.0 
235. 7 
3553 
274.9 
294-S 
314.2 
338.8 
3534 
373.1 
393.0 
412  3 
433.0 

io^si 

iox.70 

X33.60 
143.40 

x64.30^ 
185.30 

306.00 

236.90 
347-70 

368.30 

389.50 
310.30 
331-20 
353. 10 
373.90 
393.80 
414  60 
435. 50 
456.40 

10s. 00 
137.00 
149  10 
X71.30 
193  30 
3x5.40 
237.50 
35960 
38X.70 
303-70 
325.80 
348.00 
370.00 
392.10 
414.20 
436,30 
458.40 
480.SO 

107.84 
131. 20 
154-50 
177.80 
aox.io 
334.40 
347.70 
371.10 
294.40 
317.70 
341.00 
364.30 
387.70 
411.00 
434-30 
457-60 
481.00 
S04.20 

*  Birkmire. 

t  The  Uble  is  arranged  for  the  wright  of  plain  shaft, 
cttlau  the  cubical  cootento  and  multiply  by  0.26. 


For  brackets,  flangss,  etc.,  cal- 
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1438  Metel^Date 

Weight  of  Cftit-Irott  FIfttM 
Weightia  in  Pounds,  of  Cut-Ixon  PUtes  One  Inch  Thick 

r«inilaffri  at  450  ]b  per  cu  ft 


P&it3 


Width,  inches 

Lansth. 

fasches 

6  in. 

8  in. 

10  in, 

13  in, 

14  in. 

16  in. 

x8in. 

20  in. 

24  in, 

30  in, 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

lb 

4 

6.as 

8.3 

10.4 

13$ 

14.6 

16.6 

18.7 

30.8 

35 

31 

6 

9.37 

12.S 

15.6 

18.7 

21.8 

25.0 

38.1 

31.3 

38 

47 

8 

X2.S0 

16.6 

20.8 

as.o 

29.1 

33.3 

37.4 

41.6 

50 

62 

10 

15.60 

30.8 

36.0 

31.3 

36.4 

41.6 

46.8 

53.0 

63 

78 

u 

18.70 

3S.0 

31.3 

37.$ 

43  7 

499 

56.3 

63.4 

75 

94 

U 

31.80 

a9.a 

36.4 

43.7 

51.0 

58.2 

655 

73.8 

88 

109 

x6 

34.9P 

33.3 

41. 6 

50.0 

58.3 

66.6 

74.9 

83.3 

100 

125 

18 

36.10 

37. S 

46.8 

S6.3 

65-5 

74  9 

84.3 

93.6 

113 

140 

90 

31.30 

416 

53.0 

62.3 

73.8 

83.3 

93.6 

104.0 

125 

IS6 

22 

34.30 

45.8 

57-3 

68.6 

60.x 

91  S 

103. 0 

1x4  4 

138 

172 

24 

3730 

So.o 

63.4 

7S.O 

87.4 

99.8 

113.3 

134.8 

ISO 

187 

36 

40.60 

S4.0 

67.6 

81.3 

94.6 

XO8.3 

131.7 

135.3 

163 

3ca 

38 

43.60 

58.3 

73.8 

»7.$ 

101.9 

116.5 

131.0 

145.6 

175 

218 

30 

46.80 

63.4 

78.0 

93.7 

109.3 

134.8 

140.4 

156.0 

188 

334 

32 

4980 

66.6 

83.3 

100. 0 

X16.5 

133.1 

ISO. 3 

166.4 

300 

250 

36 

s6.io 

75.0 

93-6 

112. 5 

131 .0 

150.0 

168.4 

187.3 

335 

3Bx 

For  lafger  plates  take  size  of  plate  one-half  smaller  and  multiply  by  3.  Thas 
a  plate  38  by  32  in  will  weigh  twice  as  much  as  one  14  by  32  in.  For  plates  more 
or  less  than  one  inch  in  thickness  multiply  weight  of  plate  by  thickness  in  inches. 


Approtiflutfl  Woighta  of  Sqnnro-Ribbed  Cast-iron  Colisiiui-Basst 

The  following  table,  giving  the  weight  of  cast-iron  column-bascs,  will  be  useful 
when  CBtimating  the  steel  and  iron  in  tall  buildings.* 


Size  of 

Six  of 

square 

Weight, 

square 

Weight. 

base, 

lb 

boK, 

lb 

in 

in 

38X33 

600 

33X33 

1340 

34X34 

7S0 

34X34 

1450 

36X26 

880 

36X36 

1600 

38X38 

I  020 

3BX3B 

1730 

30X30 

I  180 

40X40 

1850 

'  H.  G.  Tyrrall,  in  Architects  and  Builden  Magazine,  January,  xgois. 
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Screw-Threacb,  Nuts  and  Bolt-Heads  1489 

Screw-Threads,  Huts,  and  fiolt-Heada 

StUMUrd  Screw-Threads 

Recommeoded  by  Franklfai  InstituU,  December  15.  1864,  aad  adopted  by  Navy  De* 
partment  of  the  United  Sutes;  by  the  R.  R.  Master  Mechanics'  and  Master  Cai^Builders* 
Aasodations;  by  Jones  &  LanghUn  Steel  Company;  and  by  many  other  of  the  promi- 
{ and  mwhankal  estabUshments  of  the  ooimtiy. 


Aagk  of  tbratd  60I*.  Pkt  at  top  and  bottam  H  of  pilob. 


Diam 

Diam  at 

Area  at 

Diam 

Threads 

Diam  at 

Area  at 

of 

Threads 

root  of 

root  of 

of 

root  of 

root  of 

screw. 

per  inch 

thread. 

thread. 

per 
inch 

thread, 

thread. 

in 

in 

sqin 

in 

in 

sqin 

H 

ao 

0.18s 

0.037 

2 

4V4 

1.71a 

a.joa 

Ms 

18 

o.a40 

0.04s 

2W 

AM 

1.96a 

3023 

H 

16 

0.294 

0.068 

2\^ 

4 

a. 176 

3.7x9 

He 

14 

0.344 

0.093 

2M 

4 

a.426 

4.6ao 

H 

13 

0.400 

0.136 

3 

3H 

a. 629 

5428 

Ms 

0.454 

0.162 

3W 

3H 

2.879 

6.S10 

H 

0.507 

0.20a 

3H 

zM 

3x00 

7548 

H 

o.6ao 

0.30a 

3H 

3 

33x7 

8.641 

% 

0.731 

0.420 

4 

3 

3.567 

9.963 

I 

0.837 

0.550 

AM 

2H 

3.798 

XX.329 

iM 

0.940 

0.694 

AM 

2M 

4.09B 

X2.7S3 

iH 

1.06s 

0.893 

aH 

^ 

4.356 

I4.aa6 

iH 

1.X60 

X.0S7 

5 

2H 

44«0 

IS  763 

iM 

x.a84 

1.295 

sW 

iVi 

4. 730 

X7  572 

xH 

SM 

1.389 

X  5XS 

SH 

2H 

4.953 

19.267 

iM 

1. 491 

1.746 

S9< 

2?i 

5.ao3 

2x262 

i^ 

X.616 

2.0SI 

6 

2M 

5  433 

23.098 

Ntiti  and  Bolt>Heads  are  determined  by  the  following  rules,  whkh  appty  to  both 
square  and  hexagon  nuts: 

Short  diameter  of  tough  nut  «  iH  X  diam  of  bolt  +  H  fax. 

Short  diameter  of  finished  nut  -  xH  X  diam  of  bolt  +  He  in. 

Thickness  of  rough  nut  «  diam  of  bolt. 

Thickness  cl  finished  nut  •  diam  of  bolt  -  He  fax. 

Short  diameter  of  rough  head  «  z^  X  diam  of  bolt  +  Vi  in. 

Short  diameter  of  finished  head  -  iH  X  diam  of  bolt  +  He  in. 

Thickness  of  rough  head  ■-  M  short  diam  of  head. 

Thickness  of  finished  head  ">  diam  of  bolt  —  He  in. 

The  long  diameter  of  a  hexagon  nut  may  be  determined  by  multiplying  the  short  di- 
ameter by  x.155,  and  the  long  diameter  of  a  square  nut  by  multiplying  the  short  diameter 
by  ij^A> 
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Puts 


Diam 
of 

Short 
diam, 
rough 

Short 

diam, 

finished 

Long 
diamt 
rough 

Long 
diam* 
rough 

Thick- 
ness, 

rough. 
Nut 

Thick- 
ness. 

finished. 
Both 

Thick- 
ness. 

rough. 
Head 

bolt 

@ 

% 

^ 

# 

.   ^ 

rrn 

nm 

nil 

1 1  1  u 

u 

U 

u^ 

H 

H 

M« 

»T«4 

Ho 

H 

Mt 

W 

91« 

>%. 

>Ha 

»Hi 

^ht 

Ms 

w 

»H4 

H 

»Ht 

H 

»H4 

•H4 

H 

Me 

'Ma 

Me 

»Hi 

>Ha 

9io 

1^4 

Mt 

H 

•H* 

H 

H 

»?1« 

I 

1»5^ 

H 

Me 

M. 

fiB 

*Ht 

»H. 

m 

X»H4 

^s 

H 

»Hi 

H 

iHe 

X 

iHa 

IH 

H 

M« 

»'4s 

H 

iH 

i^e 

iMe 

i*Ha 

^ 

»M6 

H 

H 

iM« 

iH 

xn^ 

aVia 

H 

»Me 

»Ha 

X 

xH 

x^s 

xH 

a'M4 

X 

»Me 

'M* 

iM 

i»Mt 

i*< 

3^i2 

a9i6 

iH 

xHt 

»«42 

iH 

a 

i»M« 

a-Me 

25)44 

iV4 

xMe 

X 

xH 

2M6 

aH 

a»H» 

3H> 

xH 

xM« 

x»iu 

iH 

aH 

aM6 

m 

3«H4 

iH 

iMe 

xMe 

iH 

aMe 

a^4 

13  H, 

3H 

xH 

xMe 

xHa 

xfi 

a54 

a»He 

3^1 « 

3»5i4 

xM 

x»Me 

IH 

xH 

a»M« 

aji 

3»Ha 

4Ha 

xT4 

xiMe 

x>M. 

a 

3H 

3He 

3H 

4»%4 

a 

x«Me 

xMe 

2H 

3W 

3^6 

4H» 

4«H4 

aM 

aMe 

xM 

■       2H 

3H 

3»H« 

4H 

S=»Vi4 

aH 

2lU 

iiM« 

a« 

aH 

4M« 

4>?i2 

6 

^i 

a»Me 

2H        , 

3 

aH 

4Mt 

sH 

6«Tia 

3 

aiMe 

aMe 

3U 

5 

4*H« 

S'M« 

7M4 

3VI 

3M6 

aH 

3U 

sH 

S?1. 

6^4 

7»%4 

3H 

3Me 

a»He 

3« 

SH 

5»He 

6»W2 

8H 

3^ 

3»He 

aH 

4 

6W 

6He 

7Ha 

miA 

4 

3»Me 

3Me 

.     4W 

6V4 

7T1» 

7li6 

9Me 

4V4 

4M. 

3M 

4H 

6H 

61^6 

7»Vi3 

9^4 

4H 

4Me 

3M. 

4W 

7M 

7Me 

8»Ha 

xoVi 

aH 

4»He 

3H 

5 

7H 

7916 

«»7^a 

10*%4 

s 

4' Me 

3*?i« 

5V< 

8 

7»Mt» 

99fe 

II«H4 

5H 

SMe 

4 

5^ 

8H 

8M« 

9»Ha 

1X74     • 

sw 

SMe 

4M« 

SH 

8H 

8»M« 

xo4fe 

laH 

S^ 

S»Me 

4H 

6 

9H 

9M» 

I0l%i9 

ia»M6 

6 

S'Me 

,..   1 
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Weights  of  Bolts  and  Nuts 
Weight!  of  One  Hoodred  Bote  With  Square  Heeds  < 

INCLUDES  WEIGHT  OF  NUT 

Hoopes  &  Townsend's  List 
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Nate 


Length 
ixnder 
head 

to  point 
in 


iH 

a 

2V4 

2H 

2H 

3 

34 

4 

4^ 

5 

SH 

6 

SH 

7 

7H 

8 

9 

10 

II 

la 

13 

14 

15 

16 

17 

18     " 

19 

ao 

Per  inch 

additional 


Hin. 


1 

4 
4 
4 
S 
5 
S 
6 
7 
7 
8 
9 
10 
10 

b 

00 

40 
75 
15 
SO 
75 

2S 

00 
75 
50 
2S 

00 
75 

I 

37 

Diameter  of  bolts 


M«  in,  H  in 


lb 

7.00 
7.50 
8.00 
8.50 
9.00 
9  50 
10.00 
11.00 
la.oo 
13.00 
X400 
15.00 
16.00 


lb 
10.50 
II.  as 
la.oo 
ia.7S 
13  so 
14.35 
15.00 
16.50 
18.00 
1950 
ai.oo 
aa.so 
a4.oo 
as. so 
a7.oo 
a8.5o 
30.00 


3.07 


Me  in, 


lb 
isao 
16.90 
17-40 
18.50 
19.60 
ao.70 
ax. 80 
a4.oo 
a6.ao 
a8.4o 
30.60 
3a. 80 
35.00 
37.ao 
39  40 
41.60 
43.80 
46.00 
48. ao 
50.40 
Sa. 60 


4.18 


H  in. 
lb 


aa.so 
33.82 
as.  IS 

36.47 
37.80 
39.1a 
30.45 
33.10 
35. 75 
38.40 
41.0s 
43  70 
46.3s 
49.00 
51.6s 
54.30 
59.60 
64.90 
70. ao 
75. so 
80.80 
86.10 
91.40 
96.70 

103.00 
107.30 
113.60 
117.90 
133.30 

545 


Hin. 
ib 


39  50 
41.63 
43  75 
45  ft 
48.00 

50.12 

S3,  as 
56.50 
60.75 
65.00 
69.35 
73  50 
77.75 
8a. 00 
86.35 
90. SO 
94. 75 
103.35 
"1.75 
iao.35 
138.75 
137.35 
145. 75 
154  3S 
163.75 
171.00 
179  50 
188.00 
206.50 


Hin 
lb 


63.00 
66.00 
69.00 
73.00 
75.00 
78.00 
81.00 
87.00 
93.10 
99  05 
105. ao 
III. as 
117.30 
133. 35 
139.40 
13500 
141.50 
153.60 
165.70 

i 177  80 
II89.90 

laoa.oo 
,214.10 
336.30 
'338.30 
350.40 
36a. 60 
374.70 
386.80 


8.sa  '  13.37 


nin. 
lb 


109.00 
113.35 
117.50 
131.75 

136.00 

134.35 
143.50 
151.00 
159  55 
X68.00 
176.60 
18S.00 
193.6s 
ao3.oo 
310.70 
237. 7S 
aa4.8o 
a6i.85 
278.90 
295. 95 
313.00 
330.0s 
347.10 
364. IS 
381.30 
398.35 
415.30 

16.70 


xin, 
lb 


163 
169 
174 
180 
18s 
196 
ao7 
ai8 
339 
240 
351 

363 
373 
384 
39s 
317 
339 
360 
383 
404 
436 
448 
470 
493 
SI4 
536 
558 

31.83 


Weighte  ci  Nute  end  Bolt-Heede,  hi  Poonde 
For  calculating  the  weight  o(  longer  bolts 


Diameter  of  bolt,  in  inches 

H 

H 

H 

H 

H 

Ji 

Weight  of  hexagon  nut  and  head . . . 
Weight  of  square  nut  and  head 

0.017 
o.oai 

0.057 
0.069 

0.138 

0.164 

0.367 

0.330 

0.43 
0.55 

0.73 
0.88 

Diameter  of  bolt,  in  inches 

X 

iH 

iW 

IM 

3 

aVi 

3 

Weight  of  hexagon  nut  and  head. . . 
Weight  of  square  nut  and  head 

1. 10 
1.31 

3.14 
a.s6 

3.78 
4.4a 

S.6 
7.0 

8.75 
10.50 

17 
ax 

38.8 
36.4 
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Part  3 


Weifhts  ci  Rirete  and  Romul-HMded  Bolts  Without  Nati. 

POUNDS  PKR  HUHDRED 


Sted 


Length. 

H'm 

Hin 

Hin 

^in 

^in 

I  in 

i>iin 

iHin 

in 

diam 

diam 

diam 

diam 

diam 

diam 

diam 

iH 

5.5 

12.8 

aa.o 

293 

43.9 

66.4 

933 

127 

iH 

6.3 

14.2 

24  I 

32.4 

48.2 

72.1 

lOo 

136 

iH 

7.0 

ISS 

2«.3 

35-5 

52.5 

77  7 

107 

145 

2 

79 

16.9 

38.S 

38.7 

56.7 

833 

"4 

XS3 

2H 

8.7 

18.3 

30.7 

41. 8 

61.0 

88.8 

121 

X62 

2H 

94 

1^.7 

32.8 

44.9 

652 

94.4 

128 

171 

^i 

lo.a 

21. 1 

35. 0 

48.0 

69.S 

100. 

136 

179 

3 

11. 0 

22.5 

37.2 

51. 1 

73.7 

105. 

143 

188 

3H 

n.7 

239 

39-3 

543 

78.0 

Ill 

ifo 

197 

3H 

ia.6 

253 

41.5 

57.4 

S2.3 

lie 

XS7 

20s 

3H 

13.4 

26.7 

43.7 

60.S 

86.5 

122 

164 

214 

4 

14.1 

28.1 

45.9 

63.6 

90.8 

128 

170 

223 

4H 

14.9 

294 

48,0 

66.7 

95.0 

134 

177 

231 

4H 

15.7 

308 

50.2 

69.9 

993 

«39 

185 

240 

494 

16.S 

32. a 

52.4 

73.0 

X04 

145 

192 

349 

S 

X7.a 

33.6 

54.5 

76-1 

106 

150 

199 

258 

SH 

18. 1 

35.0 

56.7 

79  2 

1X2 

156 

206 

266 

SH 

18.8 

36.4 

58.9 

82.3 

116 

161 

213 

275 

sH 

19.6 

378 

61. 1 

855 

120 

166 

220 

284 

6 

ao.4 

39.2 

63.2 

88.6 

124 

172 

227 

292 

6W 

21.9 

42.0 

67.6 

95.1 

133 

184 

241 

310 

7 

235 

44.7 

71.9 

lOI 

142 

195 

25s 

327 

7H 

25.1 

47  5 

76.1 

108 

150 

206 

269 

345 

8 

26.6 

S0.3 

80.6 

"4 

159 

217 

284 

362 

8H 

aS.a 

53  I 

8S.0 

120 

167 

227 

298 

379 

9 

29.8 

559 

89.3 

126 

176 

239 

312 

397 

9H 

31  3 

58.7 

93.7 

133 

185 

250 

325 

414 

lo 

33.8 

61.4 

98.0 

X39 

193 

26x 

340 

431 

loH 

34  5 

(54.2 

103 

145 

202 

272 

354 

449 

II 

36.0 

670 

107 

151 

210 

284 

368 

466 

iiH 

37.« 

69.8 

III 

15$ 

218 

29s 

3S2 

484 

12 

39  a 

72.5 

IIS 

164 

227 

306 

396 

501 

Heads 

1.8 

58 

11. 1 

13.6 

22.6 

39.0 

S8.0 

83.5 

For  length  oC  shaft  required  to  form  rivet-head,  see  Table  IV,  pace  420. 
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NAILS  AND  SCRSWS* 

Halls.  Based  upon  the  process  of  manufacture  there  are  three  kinds  of  nailt 
fat  oonunon  ose,  namely,  plate  or  cut  naila,  wire  nalh>  and  dindi-naib.  These 
are  briefly  described  in  the  foUowfeg  subdivisions  of  this  article  and  other  data 
bearing  on  the  subject  Ss  faiduded. 

(x)  Cut  Nails.  Cut  nails  are  made  from  a  strip  of  rolled  iron  or  sted  of  the 
same  thickness  as  the  finished  naSi  and  a  little  wider  than  its  length,  the  fiber 
of  the  iron  being  parallel  with  the  length  of  the  nail.  Special  machinery  cuts 
the  'nails  out  in  alternate  wedge-shaped  slices,  the  heads  are  then  stamped 
on  them  and  the  finished  nafls  dropped  into  the  casks.  Cut  nails  made  from  Iron 
are  generally  preferred  for  use  in  exposed  ix>s!tions.  Cut  nails  are  made  in  a 
variety  of  shapes  to  suit  special  uses.  For  ordinary  use  In  building,  nails  of  three 
d!£Ferent  shapes  are  made,  and  the  nails  are  called  coinioir  nails,  nmsH-NAiLS 
and  cAsnrc-NAiLS.  The  common  nails  are  used  for  rough  work,  finish-nails  for 
finished  work,  and  caslng-mdb  for  floorijig,  matched  celling  and  someBmes  for 
pine  casings,  although  the  heads  are  rather  too  large  for  finish-work.  Cut  nails 
are  beginning  to  return  to  favor  as  they  have  holding  power  and  lasting  qualities 
superior  to  wire  nails. 

(a>  Brads.  Brads  are  thin  nails  with  a  small  head,  used  for  small  finish,  panel- 
DioldiAg%  etc.    They  vary  from  H  to  a  in  in  length. 

(^  Gtowl-Nalis.  Clout-naiis  are  made  with  broad,  flat  heads,  and  are  sold 
io  sizes  varying  from  H  to  sH  in  in  leagth.  They  are  used  chiefly  for  fastening 
gutters  and  metal-work.  Special  nails  are  also  made  for  lathing,  slating,  shing- 
ling, etc 

(4>  Wire  If  aila.  These  have  of  bits  yean  become  as  common  as  the  cut  nails^ 
and  are  sold  at  about  the  same  price.  Tb^  are  said  to  be  stronger  for  driving 
Chan  the  cut  nails*  not  so  liable  to  bend  or  break,  especially  when  driven  into  hard 
woods,  and  less  liable  to  split  the  wood;  for  these  reasons  they  are  generally 
preferred  by  carpenters.  Wire  nails  are  made  from  wire,  of  the  same  section- 
diameter  as  the  shank  of  the  nail,  by  a  machine  which  cuts  the  wire  In  even 
lei^ths,  heads  and  points  them,  and,  when  desired,  also  barbs  them.  In  general 
the  same  classification  is  used  for  cut  naib.  It  should  be  noticed  that  the  gauge 
of  the  wire  and  the  shape  of  the  head  vary  in  the  different  kinds,  and  that  some 
are  barbed,  others  plain.  The  various  types  of  wire  nails  are  drawn  sound, 
SMOOiB  or  BARBCD,  foT  the  domestic  trade;  for  export  they  are  drawn  oval, 
8QUA&K,  or  DLAMOND-SHAPEO,  accordisig  to  Uie  country  to  which  they  are  to  be 
shipped  and  Its  requirements.  It  is  customary  to  chaige  15  cents  more  per  100 
lb  for  standard  nails,  basbed,  than  ior  the  same  nails,  smooth. 

($}  GbKh-ilailB.  Tboe  are  made  from  open-hearth  or  Besaemer-steel  wire. 
Any  ordflBBiy  wire  aail  will  clinch,  especiaHy  when  made  with  ouck-bixx  or 
flaHxaed  paiiits  ior  dinchiag  purposes,  or  even  otherwise,  if  annealed.  These 
naiia  are  used  only  in  places  wiiere  it  is  desired  to  torn  over  the  ends  of  the  naib 
to  lams  a  diad^  aa  in  the  case  of  battana  or  ckmts. 

(i)  fw^Hi  add  Vaii^  of  ITaili.  The  lei^lh  of  imIIs  is  doifaated  by  nor* 
mn  i^sh  TUs  daasification  origiaatty  npreseatod  the  pKioe  in  EogUah  peooa 
per  no  uHs,  as  ad  per  100,  etc  la  tint  aenae  it  is  of  coisnie  now  obsolete^  but 
k  k  atfl  relarfBed  and  is  ptacticaily  uatfaraa  wUti  the  varkniB  maaufactiutn^ 
both  for  cot  aad  wire  nails.  The  wogfats  eipresaed  in  pemiMS  nm  from  two 
penakstoeiatypanaM^thelaiyraieBsbaiatgiiraignatcdbyfiaiAiom 

*  Coadetted  Iroia  aitide  hy  Thoaias  Kolan  In  diapter  on  BuSMen*  tbndwite  la  <e- 
Vjsed  eanxA  cm  Biioding  CoBstrecftioB  aad  SupenatmdcpoB,  Put  O,  Carpoatais  W<qIk< 
byF.£.KMdab 
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The  sizes  and  lengths  of  various  ki&ds  o(  ndls  and  tadu  are  given  in  tables  on 
pages  1445  to  144^ 

(7)  Sins  of  Nails  for  Diffaront  Claaaaa  of  Wocic  It  is  imperative  lor  first- 
class  work  that  nails  of  proper  suse  should  be  used  and  to  insure  the  best  results 
it  is  well  in  certain  classes  of  work  to  specify  the  sizes  which  are  to  be  used.  For 
fnuning,  twentypenny,  fortypenny  and  sixtypenny  nails,  or  spikes,  are  used« 
according  to  the  size  of  the  timber.  For  sheathing  and  roof-boarding»  under- 
floors  and  cross-bridging,  tenpenny  common  nails  should  be  used.  For  over- 
floors  tenpenny  floor-nails  or  casing-naib  should  be  used  for  jointed  boards,  And 
ninepenny  or  tenpenny  for  matched  flooring,  although  eightpermy  nails  are 
sometimes  used.  CeiUng  when  H  in  thick  is  generally  put  up  with  eightpenny 
casing-nails,  and  when  thinner  stuff  is  used,  with  sixpeimy  nails.  For  inside 
fimsh  any  size  of  finish-nails  or  brads  from  eightpenny  down  to  twopenny  b  used, 
according  to  the  thickness  and  size  of  the  moldings.  For  pieces  exceeding  1  in 
in  thickness,  tenpenny  nails  should  be  used.  Clapboarding  is  generally  put  on 
with  sixpenny  finish-naib  or  casing-nails.  Fourpenny  nails  should  be  used  for 
shingling  and  slating,  and  threepenny  for  lathing.  For  slating,  galvanized  nails 
should  be  used,  and  they  are  also  better  for  shingling.  Whether  wire  or  cut  naib' 
should  be  used  may  generally  be  left  to  the  builder;  but  in  places  where  there  is 
any  danger  of  the  naib  being  drawn  out  either  by  the  warping  of  the  boards  or 
from  the  pull  of  the  nail,  cut  naib  should  be  used,  as  they  have  greater  holding 
power  than  the  wire  naib  imder  certain  conditions.  It  b  generally  understood 
that  a  wire  nail  will  hold  more  firmly  when  barbed  than  when  smooth.  (See 
page  144s) 

(8)  Copper  and  Brass  Nails.  Naib  are  also  made  of  copper  and  cast  brass, 
and  these  are  sometimes  used  in  connection  with  boat-building,  refrigerator- 
work,  etc.  One  wing  of  the  Physical  Laboratory  Building  of  Harvard  CoU^^ 
is  put  together  entirely  with  brass  and  copper.  As  the  rooms  woe  intended  for 
use  in  delicate  electrioU  work,  no  iron  was  used  m  thehr  construction. 

(9)  Cement-coated  Wire  Naib.  The  coating  consists  of  various  resinous 
gums  mixed  by  a  secret  formula,  and  put  on  the  naib  by  a  baking-process  which 
involves  the  use  of  quite  complicated  machinery.  Although  the  chief  market 
for  coated  nails  b  among  the  users  of  packages  to  be  shipped,  there  is  a  limited 
market  for  them  among  builders,  for  construction-purposes.  The  chief  merit  of 
the  coating  is  that  it  gives  the  luul  an  adhesive  resbtance  approximately  twice 
that  of  ordinary  wire  nails.  Thb  quality  appeals  especially  to  the  manufacturers 
and  users  of  packages  to  be  shipped,  for  which  strength  b  particularly  wanted.  It 
is  desirable  for  construction-purposes  also,  but  the  lack  of  holding  power  in  plain 
wire  nails  is  not  so  apparent  in  building.  About  90%  of  the  output  goes  to  box- 
factories  and  large  shippers.*  Cement-coated  naib  are  quite  widely  used,  ako. 
in  laying  both  ordinary  and  parquetry-flooring.  The  use  of  these  naib,  with  a 
special  head  which  leaves  a  small  hole,  gives  a  firm  floor  and  prevents  springing. 
Though  the  makers  do  not  daim  that  the  naib  are  absolutely  rust-proof,  they  do 
claim  that  naib  thus  treated  will  re»st  the  effects  of  moisture  from  30  to  50% 
better  than  the  uncoated  wire  naib.  But  it  b  when  in  use  that  the  non-rusting 
quality  b  most  evident.  There  is  more  coating  on  the  naib  than  b  actually 
necessary  for  holding  power.  The  heat  caused  by  the  friction  of  driving  the 
nail  softens  the  coating  and  the  surplus  b  forced  toward  the  head,  compleldy 
dosing  the  opening;  thb  prevents  the  admission  of  mobture  between  the  wood 
and  the  nail.  Under  similar  conditions,  the  life  of  a  cement-coated  nail  will  be 
about  twice  as  long  as  that  of  an  uncoated  one.  Less  force  b  needed  to  drive  a 
coated  nail  as  the  softened  coating  forms  a  lubricant.    These  n^b  are  made  in 

*  Of  this  amount  about  60%  is  made  by  the  J.  C.  Peaxwn  Cooipaiiy. 
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two  types,  differing  only  iq.  the  heads,  and  are  either  coolbms  or  sinkers. 
The  former  have  krge  flat  heads;  the  latter,  heads  slightly  reinforced  by  counter- 
sinking. They  are  made  to  replace  common  nails,  in  sizes  from  V4  in  to  i  in, 
and  are  used  for  framing,  boarding,  shingling  and  staging,  and  for  boxes  and 
crates.  Results  of  tests  made  with  cement-coated  nails  to  determine  their 
adhesive  resistance  in  comparison  with  thje  common  smooth-wire  nails  are  given 
below. 

The  following  table  shows  the  result  of  tests  made  at  the  United  States  ArsenaU 
Watertown,  Mass.,  in  1902,  the  wood  being  pine: 

Comparative  Adhesive  Resistance  of  Common  Smooth- Wire  Nails  and 

Cement-Coated  Nails 
All  nails  were  driven  into  the  same  piece  and  were  perpendicular  to  the  grain 


Sise  and  name 

Diameter, 
in 

Length 

driven.* 

in 

Adhesive 

rcsistanoe.t 

lb 

TenpennVi  coated .... 

0.I4S 
0x17 
0.132 
0.1x4 
0.132 
0.1x2 
0.097 
0.092 

2^ 

aH 

2H 

aH 

a 
2 

iH 

167 
4x8 
x8a 
327 
189 
3x6 
X06 
226 

Ninepenny,  common,  smooth 

Ninppenny,  coated . , 

Bightpenny ,  coated 

Sixpenny,  common,  smooth 

Sixpenny,  coated 

*  All  of  the  nails  were  left  with  their  heads  projecting  firom  H  to  Vi  m. 
t  Average  of  three  trials. 

Holding  Powar  of  Hails.  A  committee  appointed  by  the  Wheeling  nail- 
manufacturers,  a  number  of  years  ago,  to  test  the  comparative  holding  power  of 
cut  and  wire  nails,  published  the  following  data,  although  the  kind  of  wood  is  not 
named. 

Poonds  Required  to  Pull  Nails  Out 


Cut 

Wire 

Cut 

Wir« 

Twentypenny 

Tenpenny 

XS93 
908 

S97 

703 
315 

227 

Sixpenny.. . , , 

383 
286 

200 
123 

Fourpenny 

Bightp«>nny. 

I 

The  holding  power  of  nails  varies  with  the  kind  of  wood  into  which  they  axe 
driven.  Austin  T.  Byrne  gives  the  relative  holding  power  of  woods  as  aboxtt  as 
follows:  White  pixie,  I ;  yellow  pine,  1.5;  white  oak,  3;  chestnut,  1.6;  beech,  3.2; 
sycamore,  2;  elm,  2;  basswood,  1.2. 

CompsrstlTe  Holding  Powsr  of  Cut  and  Wire  Hails 
Very  thorough  tests  of  the  comparative  holding  power  of  wire  nails  and  cut 
nails  or  equal  x^ngths  and  weights  were  made  at  the  U.  S.  Arsenal  in  x 892  and 
1893.  From  forty  series,  comprising  forty  sizes  of  nails  driven  in  spruce  wood,  it 
was  found  that  the  cut  nails  showed  an  average  superiority  of  60.50%,  the  com- 
mon nails  showing  an  average  superiority  of  47.5  x%  and  the  finishing-nails  an 
average  of  72.22%.  In  eighteen  series,  comprising  six  sizes  of  box-nails  driven 
into  pine  wood,  in  three  ways  the  cut  naUs  showed  an  average  superiority  of 
99^3%.    In  00  series  of  tests  did  the  wire  naib  hold  as  much  as  the  cut  nails. 
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Fbr  I  ooo  ■hinglct  allow  s  lb  fourvenny  iiAilt  or  sH  lb  thwwyony 

s  000  laths,  7  lb  thnepeimy  fine,  or  for  100  tq  yd  ol  lathing.  lolb  UuMfanair  fia* 

1 000  04  H  of  bovelod  siding,  |8  lb  tiveqny 

I  OOP  sq  ft  of  sheathing,  90  lb  cigbtpenny  or  as  lb  tonponny 

I  000  sq  ft  of  flooring.  30  lb  eightpenny  or  40  lb  tenpenny 

X  000  sq  ft  of  studding,  xs  lb  tenpenny  and  s  lb  twentypenny 

X  000  sq  ft  of  I  by  2>i-{n  furring,  xa-in  centers.  9  lb  eightpenny  ori4  lb  tenpenny 

I  000  sq  ft  of  X  by  aH-in  furring,  x6>tn  centers.  7  lb  eightpenny  or  xo  lb  tenpenny 


Cut  Steel  If  ails  and  Spikes 

Sties.  lengths,  and  approximate  number  per  pound 

Tsken  from  the  Handbook  oC  the  Cambria  Sted  Company 


Sises 

Length, 
inches 

Common 

Clinch 

Finishing 

Casing 
and  box 

Fencing 

Spikes 

2d 

Sd 
6d 
Td 
9d 
9d 

lOd 
I2d 

i6d 
9od 

2Sd 
3Pd 
40rf 
SPd 
God 

X 

xH 

iH 

xN 

a 

aH 

2H 
2H 

3 
3M 

aW 

4 

s 

SVi 
6 

t 

740 
460 
a6o 
aio 
x6o 
xao 
88 
73 
60 
40 
33 
» 
ao 

xa 

xo 
8 

400 
ate 

x8o 

X  xoo 
880 
530 

M          1 

4ao 
300 
axo 
x8o 
X30 
X07 
88 
70 
Sa 

tas 

xoo 
80 

68 
Si 

48 
40 
34 
M 

350 
300 

axo 
xe8 
X30 

XQ4 

9fl 
86 
16 

xoo 
80 
te 

52 

3i 
a6 
ao 
X8 

30 
a6 
ao 
t6 

It 

?H 

6           1 

5H      1 

5           ' 

Siaes 

Length, 
inches 

Barxw 

Light 
barrel 

Slating 

Sian 

Length, 
inches 

Flal 
grip, 
fine 

fkm 

■'if*" 
Sd 

6d 

rd 

9d 

9d 
led 
i^ 
idtf 

H 
H 
H 

I 

xH 

xH 

!lt 

iH 

a 
»H 

3 

3M 

3^ 

750 

000 

500 

4SD 
310 
a8o 
aio 
190 

400 
304 

324 

3tf 
44 

H 
H 

X 

xH 

xH 

146a 

XJOO 

1x00 
800 

650 

f 
1 

I 

960     1 

340 

600  1 

ate 

Tobacco 

Brada 

Shin^ 

aao 

x8o 

X30 

91 

as 

m 

58 
jg 

ISO 

94 
74 
6e 
so 

¥> 
17 

90 

60 
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steel-win  Nails,  Bgikm,  end  TuckB 

SIZE,  LENGTH,  GAUGE  AND  APPROXDCATE  NUMBER  TO  THE  FOUND 

Compiled  from  Catalogue  of  American  Sted  and  Wire  Company,  1910 

American  Steel  and  Wire  Company's  gauge.    (See  page  1436.) 


Coaunon  naito  and  brads  * 

Casing-nails  t 

Finiihf  f^g-****  *l^t 

Length. 

Number 

Number 

Number 

Size 

Gauge 

to 

Gauge 

to 

Gauge 

to 

pound 

pound 

pound 

arf 

z 

IS* 

876 

ISV4 

1010 

16H 

I  351 

3rf 

m 

14 

S6B 

i4Hi 

63s 

ISH 

807 

44 

iVi 

laVi 

316 

14 

473 

IS 

S84 

54 

iH 

wVi 

271 

14 

406 

IS 

500 

6d 

3 

iiH 

181 

iaV4 

336 

13 

309 

74 

aW 

iiH 

161 

laVi 

310 

13 

338 

U 

2^i 

Io^ 

106 

iiVi 

I4S 

13>i 

189 

9i 

394 

loH 

96 

iiVi 

133 

13Vi 

173 

lOd 

3 

9 

69 

loH 

•      94 

llH 

131 

latf 

3M 

9 

63 

loH 

87 

IlH 

113 

i6tf 

3^ 

8 

49 

10 

71 

II 

90 

xd 

4 

6 

31 

9 

53 

10 

«0 

30d 

4H 

S 

34 

9 

46 

40d 

S 

4 

18 

8 

35 

sod 
6od 

5 

3 

14 
11 

Shingle-nails 

Number 

Sp 

ikest 

Sise 

Length, 
in 

Gauge 

to 
pound 

Sise 

Length, 
in 

Gauge 

Number 

to 
pound 

3rf 

3Hrf 

4<' 

6if 

Id 

IH 

iH 

iH 

xH 

3 

3V4 

13 

I3H 
13 
13 
13 

439 
345 

374 
335 
304 
139 

II 

tod 

3 

41 

9d 

3H 

II 

135 

I2d 

3H 

38 

9d 

39i 

II 

114 

i6d 

3>i 

30 

'  lod 

3 

XO 

83 

aod 

4 

33 

3Pd 

4H 

17 

Pine 

n^tls 

sod 
tod 

r 

8" 

5 

6 
7 
8 

Me" 

13 

10 

? 

4 

2d 

3d 

Ad 

ad 
extmfixie 

extra  fine 

1 
iH 

i6V^ 

IS 

U 

I  351 
778 
473 

r 

9 

10 

3H 
3 

X 

17 

isto 

X7f 

u 

H" 

3Vi 

iV4 

i    "^ 

lOXS 

•  Common  brads  differ  from  common  nails  only  in  the  head  and  pomt. 

t  Lengths  are  the  same  as  common  nails  for  corresponding  »««•  w    j        ^ 

t  Spikes  aie  made  with  efaisel-points  and  diamond  points;   ahw  with  convex  heada  aa4 
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Nails  and  Screws 
SlMl-Wire  Nails  (ContiiiiMd) 


Parts 


Clinch-nails 

Penoe-naiis  * 

Length. 

Number 

Number 

Number 

Sue 

Gauge 

to 

Gauge 

to 

Gauge 

to 

in 

pound 

pound 

pound 

9d 

I 

14 

710 

la 

4IX 

j4 

iM 

13 

429 

No  5  smallest 

loVi 

aas 

a4 

iM 

la 

a74 

sue 

10^ 

X87 

Sd 

iH 

la 

23S 

10 

14a 

10 

14a 

6d 
Id 
M 
9i 

2 
2H 

10 
10 

157 
X39 
99 
90 

10 

9 
9 
8 

124 

9a 
8a 
6a 

9 

103 

Barbed  roofing-naila  t    | 

^i"XNoi3 

714 

lod 

3 

9 

69 

7 

SO 

H"XNoia 

469 

i2d 

3W 

9 

6a 

6 

40 

i"XNoia 

411 

i6d 

3M 

8 

49 

5 

30 

iH"XNo  xa 

365 

20d 

4 

7 

.    37 

4 

23 

xH"XNoii 

asx 

*  Length  same  as  clincb-nails  of  corresponding  size, 
t  Roofing-nails  are  designated  by  the  length,  not  by  penny. 
lengths  up  to  a  in. 

Wire  Tada 


These  naiU  are  made  in 


Title. 

Length. 

Number 

Title. 

Length. 

Number 

Title. 

Length. 

Number 

oonos 

in 

per 
pound 

ounce 

m 

per 
pound 

ounce 

m 

per 
pound 

X 

H 

16000 

4 

Me 

4000 

14 

»Me 

XX43 

iH 

Me 

10  666 

6 

Me 

.   a666 

16 

H 

x  000 

2 

H 

8000 

8 

H 

aooo 

x8 

»M. 

888 

2H 

Ms 

6400 

xo 

»Me 

x6oo 

20 

X 

800 

3 

H 

5333 

xa 

H 

X333 

2a 

a4 

xMe 
xH 

727 
666 

Wire  carpet-tacks  are  made  polished,  blued,  tinned,  or  coppered;  there  are  also  uphol- 
steren'  and  bill-poiters'  or  railroad  tacks. 

Expansion-Bolts.  These  are  commonly  used  for  boltiim 
wood  or  iron  to  masonry  that  is  ab-eady  built.  A  hole  is 
driUed  in  the  masonry  of  such  size  that  the  expansion-nut  will 
fit  closely,  and  when  the  bolt  is  screwed  up  the  nut  expands 
and  binds  firmly  in  the  masonry.  The  illustration  shows  the 
Evans  expansion-bolt,  which  is  also  furnished  with  screw-head 
bolts.  There  are  other  forms  of  expansion-bolts  on  the  ixiaiket. 
From  experiments  on  expansion-bolts  it  was  found  that  the 
holding  capacity  was  264  lb  per  sq  in  when  embedded  in  i:  a 
Portland-cement  mortar,  843  per  sq  in  when  embedded  in 
Expansion-bolt  ^^P^^  "*d  485  lb  per  sq  in  when  embedded  in  lead.  For 
average  working  unit-stresses  it  is  sale  to  use  about  one-fifth  of 
the  values  given.    When  the  work  is  exposed  to  rain  or  moisture  sulphur  should 


yGoogk 


Screws  1449 

not  be  used  as  the  add  which  results  will  rust  the  metal  and  will  also  tend  to 
disintegrate  the  masonwork  at  the  point  of  entrance  of  the  bolt. 

Screws.     The  substitution  of  screws  for  nails  in  building  operations  is  a 
marked  feature  of  modem  work.    Trimming  hardware  of  all  descriptions  is  put 
on  with  screws,  and  a  great  deal  of  pand-work,  inside  finish,  etc.,  is  put  together 
with  them.    Stop-beads,  the  casings  of  plumbing-fixtures,  etc.,  should  be  fas- 
tened with  screws,  as  well  as  all  kinds  of  store  and  office-fixtures,  and  cabinet- 
work in  general,  except  where  the  joints  are  glued.    Screws  are  also  largdy  used 
in  making  furniture.    They  present  a  neater  appearance  than  hails,  have  greater 
holding  power  and  are  less  apt  to  injure  the  material  if  it  should  be  removed  and 
replaced.    By  making  holes  for  the  screws  with  a  bit,  all  danger  of  splitting  the 
finish  is  averted.    The  ordinary  tjrpe  of  screw  has  a  gimlet-point  by  which  it  can 
be  turned  into  the  wood  without  the  aid  of  a  bit.    The  heads  are  made  in  various 
forms  to  suit  different  uses.    Screws  are  made  ordinarily  of  steel,  but  sometimes 
of  brass  and  bronae.    The  latter  sort  are  used  for  screwing  in  place  finished  hard- 
ware of  the  same  material,  and  have  heads  finished  to  correspond  with  the  trim- 
mings.   Steel  screws,  also,  are  finished  with  blue,  bronze,  lacquered,  galvanized, 
or  tinned  surface,  to  match  the  cheaper  class  of  trimmings.    The  galvanized 
finish  is  used  in  building  operations  at  the  seashore.    Screws  with  blue  surface, 
called  BLUED  screws,  are  generally  used  with  japanned  hardware  and  for  stop- 
beads,  and  wherever  a  cheap  round-headed  screw  is  desired.    Silver,  nickel,  and 
gold-plated  screws  are  also  manufactured  for  use  in  connection  with  similar 
hardware.    Steel  screws  for  wood  are  madoin  twenty  different  lengths,  varying 
from  V4  to  6  in,  and  each  length  of  screw  has  from  six  to  eighteen  varieties  in 
thickness,  there  being  in  all  thirty-one  dif- 
ferent gauges;   so  that  altogether  there  are 
in  the  market  about  two  hundred  and  fifty 
different  sizes  of  ordinary  screws  used  for 
woodwork.    The  most  common  shapes  are 
the  ordinary  flat  head,  round  head  and  oval 
headp.   The  oval-head  screw  is  tapered  for 
countersinking  but  is  slightly  rounded  on  top.  Lag  and  Coach-aoewB 

Patent  diamond-point  sted  screws  are  made 

especially  for  driving  with  a  hammer.  These  can  be  driven  with  a  &unmer 
their  entire  length  into  any  hard  wood,  and  then  held  by  one  or  two  turns  as 
securely  as  the  ordinary  screw.  In  ordering  screws  both  the  length  and 
number  of  the  gauge  or  diameter  of  the  shank,  the  material  and  finish,  and 
the  use  to  which  they  are  to  be  put,  should  be  given. 

Screws  for  Metal  have  the  same  diameter  throughout  and  the  threads  are  V- 
shaped. 

Sizes  of  Screws.  The  sizes  of  screws  are  given  in  length  in  inches  and  the 
number  of  the  gauge,  the  gauge  denoting  the  diameter.  Thus,  a  x-in  No.  1 2  screw 
is  X  in  long  and  0.2x58  in  in  diameter.  The  gauge-numbers  range  from  o  to  30 
and  the  lengths  from  H  to  6  in.  The  lengths  vary  by  eighths  of  an  inch  up  to 
I  in,  by  quarters  of  an  inch  up  to  3  in  and  by  halves  of  an  inch  up  to  5  in.  Screws 
from  H  to  4H  in  long  are  made  in  about  sixteen  different  gauge-numbers.  Table 
Xin,  page  403,  gives  the  diameter  to  four  places  in  decimals  of  an  inch  of  the 
American  screw-gauge.  It  should  be  noticed  that,  unlike  the  ordinary  wire- 
gauges,  the  o  of  the  screw-gauge  indicates  the  diameter  of  the  smallest  screw 
while  the  diameter  of  the  screw  increases  with  the  number  of  the  gauge. 

Lag-Screws  and  Coach-Screws  are  large,  heavy  screws  used  where  great 
itreogth  is  required,  as  in  heavy  framing,  and  for  fixing  ironwork  to  timber. 
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Part  3 


Lag-ficrews  with  conical  point  are  made  with  diameters  of  M«>  H,  Me,  ^i.  Me,  H, 
94,  and  x  in,  and  in  lengths  from  xVi  to  id  in;  coach-screws  in  diameters  from  Me 
to  9i  in  and  in  lengths  from  i^  to  la  in.  For  putting  in  lag-screws  a  hole 
should  be  bored  which  has  a  diameter  a  little  greater  than  the  unthreaded  shank 
of  the  screw  and  it  should  be  bored  to  a  depth  corresponding  to  the  length  of  the 
unthreaded  shank.  A  second  hole  should  then  be  bored  at  the  bottom  of  the 
first  hole  of  a  diameter  somewhat  less  than  that  of  the  threaded  shank  and  to  a 
depth  of  about  half  its  length. 

HokUng  PDwer  el  Lag-Sorewa 
T^Bts  made  by  A.  J.  Cok,  University  of  Iowa,  1891,  quoted  by  Ee&t,  page  324 


Siseof 
in 

Size  of 
hole 

bO(«d. 

in 

Length 

in 
wood. 

in 

Maximum 
resist- 
ance, 

lb 

Kttmbcr 

of 

teats 

ScBaoufid  white  oak 

H 
Me 
H 
H 
H 

Me 
H 
H 

4H 
3 

4H 
4 

4 

«OJT 
6480 
8780 
3800 
340s 

3 

X 

a 
a 
3 

Sfiason^  white  oaIc. 

Seasoned  white  oak 

Yellow-pine  stick 

Whit**  cedftr,  unsfnson*^  ......   . , 

Hoopes  &  Townsend  give  the  force  required  to  draw  screws  out  of  ydlow  pine 

as  follows: 


Screw 

Wood,  depth 

Force,  pounds 


Hin 


Hin 


Min 


Hin 


I  in 


3Hin 
4960 


4  m 
6000 


4  m 
7685 


Sm 
II  500 


6  in 
12  foe 


Wooden-screws'  are  sold  by  the  grass,  lag-ecrews  and  ooach-«crew8  by  the 
pound. 

DATA  ON  EXCAYATIN0 

Szcavatilig  is  almost  bvariably  measured  by  the  cubic  yard  of  27  cu  ft.  For 
measuring  excavations  of  irregular  depth  see  page  65.  For  computing  the  con- 
tents of  wells  and  cesspools,  the  drcubr  ana  in  square  feet  may  be  obtained  from 
the  table  on  page  51,  and  this  circular  area  multiplied  by  the  depth  in  feet  will 
give  the  contents  in  cubic  feet.  The  cost  of  excavating  and  removing  earth  is 
ordinarily  made  up  of  the  following  items: 

(i)  Loosening  ^e  earth  for  the  shovelers; 

(3)  Loading  by  shovels  into  carts  or  barrows; 

(3)  Hauling  or  wheeling  it  away,  including  emptying  and  returning; 

(4)  Spreading  it  out  on  the  dump; 

For  eveiy  large  job,  such  as  railroad-work,  it  is  also  necessaiy  to  make  an  al- 
lowance for  keeping  the  hauling-road  in  repair,  for  sharpening  and  repair  of  toois» 
and  for  carts,  harness,  superintendence  and  water-carriers.  Where  the  dirt 
excavated  can  be  spread  over  the  grotmd  inunediately  surrounding  the  excava- 
tion the  loosened  dirt  may  be  removed  by  scrapers  without  shoveling. 

Data  for  Bttfanating  Coat  of  Looeenhig  Berth.  Two  men  with  a  pk>\i(^  and 
team  of  horses  will  looaen  from  20  to  30  cu  yd  of  strong,  heavy  soO  per  hour  or 
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from  40  to  60  cu  yd  of  ordfanay  toain.  One  man  with  a  pick  mH  loosen  iH  yd 
per  hour  of  stiff  day  or  cemented  gravel,  4  yd  of  common  loam,  or  6  yd  of  light 
sand. 

The  average  qiiantity  of  ixx)S£ned  eaath  that  a  man  can  shovel  into  a  cart 
per  hour  is: 

Loam  or  sand.. a.ocuyd 

Clay  and  heavy  soils x.ycuyd 

Rock x.ocuyd 

Average  earth  when  loosened  swells  to  from  tH  to  xH  times  Its  otiglnal  btilk 

in  place. 
The  capacity  of  vehicles  used  for  moving  excayated  materials  is  about  aa 

follows: 

Wheelbarrows 3  to   4  cu  f t 

One-horse  dump-carts x8  to  22  cu  ft 

Two-hone  dump-wagons 27  to  45  cu  ft  ^ 

Drag-scrapers 3  to    7  cu  f t 

Wheel-scrapers »o  to  17  cu  ft 

Dump-cars  on  rails 27  to  80  cu  ft 

Tte  Soooomkal  Length  of  Haol  with  drag-aoraperB  is  about  150  ft;  with 
wheeled  scrapers,  500  ft;  with  wheelbarrows,  250  ft;  with  oae-horae  dump-caitjv 
600  ft.t    The  average  speed  of  horses  is  given  as  about  aoo  ft  per  mionte. 

Much  vcduable  data  for  estimating  t  the  coat  of  acavating  may  be  iound  in 
the  Civil  Engineer's  Handbooks. 

Weight  of  Battfa,  Sand  and  OfaveL  For  general  calcukitioBS  the  loBowing 
average  values  may  be  taken: 


X4  ctt  ft  of  chalk  weigh  t  ton 
tS  cu  ft  of  day  weigh  x  ton 
21  Ctt  ft  of  earth  weigh  i  ton 


19  cu  ft  o(  gravd  wei^  t  ton 
32  Ctt  flof  tand  iveigh  x  too 


lUxk-Bxcavatioo.  A  cuUc  yard  of  rock,  in  place,  when  broken  up  by  blasting 
for  removal  by  wheelbarrows  or  carts,  will  occupy  a  space  of  about  iH  cu  yd; 
consequently  the  cost  of  hauling  or  removal  is  about  50%  more  than  for  dirt 

"With  labor  at  $x  per  day,  the  actual  cost  for  loosening  hard  rock,  Including 
tools,  drifling,  powder,  etc.,  will  average  about  45  cents  per  cubic  yard,  b  place, 
under  all  ordinary  drcumstances.  In  practice  it  will  generally  range  between  30 
and  60  cents,  depending  on  the  position  of  the  strata,  hardness,  toughness,  water 
and  other  considerations.  Soft  shales  and  other  aBied  rocks  may  freciuently  be 
loosened  by  pick  and  plough  as  low  as  15  to  so  cents,  while  on  the  other  hand  shal- 
low cuttings  of  very  tough  rock  with  an  unfavorable  position  of  strata,  espedally 
in  the  bottoms  of  excavations,  may  cost  $1  per  cu  yd,  or  even  consdderabty  more. 
The  quarrying  of  average  hard  rock  requires  about  H  to  H  lb  of  powder  per  cu  yd, 
in  place,  but  the  nature  of  the  lock,  the  position  of  the  strata,  etc.,  may  increase 
it  to  W  lb  or  more.  Soft  tock  frequently  requires  more  powder  than  hard.  A 
good  chum-driller  will  drill  8  to  10  ft  in  depth  of  holes  about '2H  ft  deep  and  2  in 
diameter  per  day  in  average  hard  rock,  at  from  la  to  t8  cents  per  ft."  } 

*  The  ordinaiy  load  for  two-horse  wagons  sxich  as  are  commonly  used  for  haulii^^  dirt. 
Band  and  gravel  is  from  iW  to  xH  cu  yd. 
t  Inspectors'  Pocket-Book,  by  A.  T.  Byrne, 
i  See,  also,  Handbodk  ol  Cost  DaU,  fay  H.  P.  Giflette. 
§  The  Civil  Engineer's  Pocket-Book,  J.  C.  Trautwine. 
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DATA  ON  STONEWOKE* 

Kinds  of  Stonowork.  The  commonest  kind  of  stonework,  that  is,  for  waUs^ 
is  called  rubblework.  No  work  whatever  is  done  on  the  stones  except  to 
break  them  up  with  a  hanmier.  If  the  wall  is  built  in  courses  it  is  designated 
COURSED  RUBBLE.  When  the  stones  showing  on  the  outside  face  of  the  wall 
are  squared,  the  woric  is  designated  ashlar.  Ashlar  is  of  two  kinds:  coursed 
ASHLAR,  in  which  the  stones  are  laid  to  form  courses  around  the  bmlding,  all  of 
the  stones  in  any  course  being  of  the  same  height,  and  broken  ashlar,  in  which 
ftones  of  different  heights  are  used.  Hammer-dressed  ashlar  designates  work 
where  the  stones  are  roughly  squared  with  a  hammer.  This  is  a  very  cheap  class 
of  work.  Good  ashlar  work  should  be  squared  on  the  bench  with  chisels,  and 
with  beds  and  end-joints  cut  square  to  the  face.  Stonework  which  requires  a 
chisel  or  any  other  tool  except  a  hammer  for  dressing  is  called  cut  work.  Cut 
work  costs  considerably  more  than  hanmier-dressed  work. 

Meaauromont  of  Stonework.  Rough  stone  from  the  quarry  is  usually  soki 
under  two  classifications:  rubble-stone  and  dimension-stone.  Rubble  includes 
the  pieces  of  irregular  size  most  easily  obtained  from  the  quarry,  and  suitable  for 
cutting  into  ashlar  x  3  in  or  less  in  height  and  about  2  ft  long.  Stone  ordered  to 
be  of  a  certain  size,  to  square  over  24  in  each  way  and  to  be  of  a  particular  thick- 
ness, is  called  dimension-stone.  The  price  of  the  latter  varies  from  two  to 
four  times  the  price  of  rubble.  Rubble  is  generally  sold  by  the  ton  or  car- 
load. Footings  and  flagging  are  usually  sold  by  the  square  foot;  dimension- 
stone  by  the  cubic  foot.  In  Boston,  granite  blocks  for  foundations  are  usually 
sold  by  the  ton. 

In  Batimating  on  the  Coat  of  Stonework  put  into  a  building,  the  custom  varies 
with  different  localities,  and  even  among  contractors  in  the  same  city.  Dimcn* 
sion-stone  footings,  that  is,  squared  stones  2  ft  or  more  in  width,  are  usually 
measured  by  the  square  foot.  If  built  of  large  rubble  or  irregular  stones  the 
footings  are  measured  in  with  the  waU,  allowance  being  made  for  the  projections 
of  the  footings.  Rubblework  b  almost  universally  measured  by  the  perch  of 
16H  cu  ft.  The  author  has  been  unable  to  find  any  locality  where  the  legal 
perch  of  24H  cu  ft  is  used  by  stone-masons.  In  Philadelphia,  St.  Louis  and  some 
sections  of  Illinois,  32  cu  ft  are  called  a  perch.  Railroad-work  is  usually  meas- 
ured by  the  cubic  yard.  When  stonework  is  let  by  the  perch,  the  number  of 
cubic  feet  to  the  perch  should  be  stated  in  the  contract,  and  it  should  be  stated, 
also,  whether  or  not  openings  are  to  be  deducted.  As  a  rule  no  deductions  are 
made  for  openings  of  less  than  70  superficial  feet. 

Data  for  Estimating  Co8t.t  The  price  of  common  rubble  as  it  comes  from 
the  quarry  will  vary  from  55  cts  to  $1.65  per  ton,  free  on  board  cars  at  point  of 
delivery,  according  to  the  cost  of  quarrying,  transportation,  etc  $1.35  a  perch 
is  probably  a  fair  average. 

A  ton  of  most  of  the  different  kinds  of  stones  will  make  from  i  perch  to  iM 
perches. 

The  cost  of  laying  one  perch  of  stone  may  be  estimated  by  the  following  items: 

Labor:  mason  2H  hrs,  helper  iH  hrs,  based  on  two  helpers  to  three  masons; 
sand  H  load;  lime  H  bu,  or  if  laid  in  all-cement  mortar,  one  perch  will  require 
from  H  to  H  bbl  of  cement. 

At  average  wages,  rubble  cellar-walls,  from  x8  in  to  2  ft  thick,  hiid  in  lime  mor- 

*  For  a  description  of  various  kinds  of  stonework,  see  Building  Construction  asd 
Superintendence,  Part  I,  Masons'  Work,  Chapter  VI,  by  F.  £.  Kidder. 

t  For  wages  different  from  those  naowd,  the  avenge  costs  may  be  rak'^ilafurt  by  pco- 
poctioo. 
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tar,  vary  in  cost  from  $a.75  to  $4^0  per  perch,  $3.50  a  perch  being  a  fair  average; 
in  all-cement  mortar,  from  $3.50  to  $4.50  per  perch. 

The  cost  of  ashlar  depends  very  largely  upon  the  kind  of  stone  used  and  the 
distance  it  has  to  be  brought.  The  price  of  the  rough  stock  on  the  cars  at  the 
point  of  delivery  may  vary  from  75  cts  to  $1.35  per  cu  ft  for  granite  and  from 
60  cts  to  $1.10  for  sandstones  and  limestones,  depending  largely  upon  cost  of 
transportation,  i  cu  ft  of  stone  should  make  2  sq  ft  of  ashlar,  at  least.  Some 
quarries  get  out  stone  especially  suitable  for  ashlar  and  sell  it  at  about  30  cts  per 
lin  ft  for  courses  xa  in  high. 

The  cost  of  cutting  ashlar,  with  stone-cutters'  wages  at  $4  per  day,  wiU  average 
about  15  cts  per  sq  ft  for  soft  stones,  from  15  to  20  cts  per  sq  ft  for  hard  sand- 
stones and  limestones,  and  from  25  to  30  cts  for  granite.  The  cost  of  setting  ash- 
lar will  vary  from  10  cts  per  sq  ft  to  25  cts  for  soft  stones  or  30  cts  for  granite, 
15  cts  being  an  average  price  for  sandstones  and  limestones. 

The  cost  of  cut-stone  trimmings  depends  so  largely  upon  the  kind  of  stone 
that  it  is  quite  impossible  to  give  prices  that  would  be  of  very  much  service. 
The  following  figures,  however,  may  serve  as  a  general  guide  in  forming  a  rough 
estimate,  the  prices  if  anything  being  probably  a  little  above  the  cost  of  the 
local  stone  in  most  kx:alities. 

Flftgstonaa  for  Sidewalks,  ordinary  stock,  natural  surface,  3  hi  thick,  with 
joints  pitched  to  line,  in  lengths,  along  walk,  from  3  to  s  ft,  will  cost,  for  a  3-ft 
Walk,  about  10  cts  per  sq  ft,  or  if  a  in  thick,  7  cts;  for  a  4-ft  walk,  xo  cts;  and  for 
a  s-ft  walk,  12  cts  per  sq  ft.  The  cost  of  ^ying  all  sizes  will  average  about  4  cts 
per  sq  ft.    The  above  figures  do  not  include  the  cost  of  hauling. 

Curbing.    4  by  24-in  granite  will  cost  at  the  quarry  from  30  to  35  cts  per  Un  ft; 
digging  and  setting  will  cost  from  x  2  to  14  cts  additional;  and  the  cost  of  freight 
.  and  hauling  must  also  be  added. 

Cut  Bluestone.  The  following  figures  show  the  approzinuite  cost  of  cut 
bluestone  for  various  uses: 


Flagstone.  5  in,  size  8  by  xo  ft,  edges  and  top  bush-hammered,  per  square 
foot  face-measure 

Flagstone,  4  in,  aise  5  by  5  ft,  select  stock,  edges  deanrcut.  natural  top. 
per  square  foot 

Door-«iUs,  8  by  12  in.  dean-cut,  per  linear  foot 

Window-sills,  s  by  xs  in,  deaxvcut,  per  linear  foot 

WindowHriUs,  4  by  8  in,  deanr^ut.  per  linear  foot 

Window-sills,  s  by  8  in.  dean-cut,  per  linear  foot 

Lintels,  4  by  10  in,  dean-cut.  per  linear  foot 

Lintels,  8  by  12  In.  dean-cut.  per  linear  foot 

Water-table,  8  by  12  in.  clean-cut,  per  linear  foot 

Coping.  4  by  2X  in,  clean-cut.  per  linear  foot 

Coping.  4  by  2X  in.  rock-face  edges  and  top.  per  linear  foot 

Coping,  3  by  15  in.  n>ck-Cace  edges  and  top.  per  linear  foot 

Coping,  3  by  18  in,  rock-face  edges  and  top.  per  linear  foot 

Stqps,  sawed  stock,  7  by  14  in,  per  linear  foot. 

Platform.  6  in  thick,  per  square  foot 


To  the  prices  of  cut  stone  above  given  must  be  added  the  cost  of  setting,  which, 
for  water-tables,  steps,  etc.,  will  be  about  xo  cts  per  linear  foot,  and  for  window- 
sills,  etc.,  about  5  cts  per  linear  foot.  For  fitting,  about  xo  cts  per  cu  ft,  and  for 
trinaming  the  joints  after  the  pieces  are  set  in  place,  about  5  cts  per  cu  ft  should 
also  be  added. 
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DATA  ON  BUCKS  AND  BUCatWOKK* 

Clay  Bricks.  The  word  brick  as  commooly  used  refers  to  a  block  made  from 
day,  molded  into  the  required  shape  and  burned  in  a  kiln;  and,  until  quite  re- 
cently, practically  all  bricks  were  made  from  clay.  At  the  present  time,  how- 
ever, bricks  are  also  made  from  sand  and  lime.  Qay  bricks  may  be  broadly 
classified  as  common  bricks,  face-bricks,  fire-bricks  and  paving-bricks,  Aa  to 
the  process  of  manufacture,  bricks  are  rlassified  as  soft-mud  bricks^  stiff-mud 
bricks,  dry-pressed  bricks  and  repressed  bricks. 

8ofe-Mad  Brkks  are  made  by  tempering  day  with  water  until  it  becomes  soft 
and  photic  and  then  pressing  it  into  molds  either  by  hand  or  by  a  r^^r^^in^ 
Practically  all  handmade  bricks  are  soft-mud  bricks.  Soft-mud  bricks  are  often 
MKPKESSED  to  make  f  ace>brfcks. 

Stiff-Mild  Bficka  ate  machine-made.  The  day  is  first  ground,  and  only 
enough  water  is  added  to  make  a  stiff  mud .  The  stiff  day  is  forced  through  a  die 
or  dies  in  the  machine  in  a  continuous  stream,  which  is  cut  up  automaticaUy  into 
pieces  the  size  either  of  the  end  or  side  of  the  brick.  If  the  opening  is  the  size  of 
the  end  of  the  brick,  the  bricks  are  end-ott  bricks;  if  of  the  size  of  the  side  of  the 
brick,  they  are  side-cut  bricks.  Stiff-mud  bricks  can  readily  be  distinguished 
from  soft-raud  bricks  by  their  appearance.  As  good  if  not  better  bricks  can  be 
made  by  the  soft-mud  process  as  by  the  stiff-mud  process,  sod  in  the  Eastern 
States  the  soft-mud  bricks  are  probably  the  stronger.  As  far  as  the  author's 
observation  has  extended  in  the  Western  Ststes,  the  stiff-mud  bricks  arc  aa  a  rule 
preferable  to  those  made  by  the  sof t*mud  process.  Stiff-mud  bricks  are  usually 
heavier  than  soft-mud  bricks  or  hand-made  bricks. 

Drriif eased  Bricks  are  made  almost  entirely  for  face-work,  although  in  some 
localities  dry-pressed  bricks  are  also  used  as  common  bricks.  HydrauUc-presMd 
bricks  are  dry-pressed. 

Molded  Bricks  are  ahnrays  dry-pressed.  Very  fine  bricks  are  made  by  this 
process. 

Burning  of  Bricks.  Bricks  made  by  any  of  the  above  piuccasts  require  to  be 
burned  in  a  kiln.  According  to  their  position  in  the  kiln,  common  bricks  are 
designated  arcb-bricks  or  bard-bumed  bricks,  red  bricks  or  wdl-bumed 
bricks,  and  salmon  bricks  or  soft  bricks.  As  a  rule,  salmon  bricks  axe  not  fit  to 
use  in  an  exterior  or  bearing-wall. 

Color  ef  BridB.  The  color  of  bricks  depends  prindpsUy  upon  the  presence 
of  Iron,  Hme,  or  magnesia  in  the  day.  A  large  proportion  of  oxide  of  iron  gives 
a  dear  bright  red.  Magnesia  produces  a  brown  color,  and  when  in  the  presence 
of  Iron,  a  tight-drab  color.  Dry-pressed  bricks  are  often  colored  artifidally 
dther  by  mixing  clays  of  different  composition,  or  by  mixing  mineral  cobra  with 
the  finely  ground  clay. 

flre-Bricks  are  ordinarily  made  from  a  mixture  of  (Knt  day  and  plastic  day. 
They  are  usually  white,  or  white  mixed  with  brown,  hi  color  and  are  used  for  the 
fining  of  furnaces,  firepUces  and  tall  chimneys. 

Paving-Bridn  are  very  hard  bricks,  usually  vitrified  or  sanesled.  They  sie 
much  more  expensive  than  common  bricks  and  are  seklom  used  in  buildings. 

Sise  and  Weight  of  Clay  Bricks.  In  this  country  there  is  no  legal  standard  for 
the  size  op  bricks,  and  the  dimensions  vary  with  the  maker  and  also  with  the 

*  For  a  complete  description  of  day  bricks,  their  proom  <rf  BBaoufactere,  etc..  and  ibo 
of  all  kinds  of  brickwork,  see  Chapter  VII,  t>aft  I.  of  Buildfiw  CMMtraction  sad  Supif 
intendeoce,  by  F.  E.  Kkider. 
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locality.  Caamxm.  itandard  sizes  are  8H  by  4  by  sH  in  uid  8H  by  4  by  aM  in. 
In  the  New  England  States  the  common  brick  averages  about  7H  by  3H  by  9H  in. 
Xn  most  of  the  Western  States  common  bricks  measure  about  8>i  by  4H  by  aH  in, 
and  the  thicluiesses  of  the  walls  measure  about  9, 13, 18  and  aa  in  for  thickncMct 
of  I,  iH,  2  and  aHi  bricks.  The  sixes  of  all  common  bricks  vary  considerably  in 
each  lot,  according  to  the  degree  to  which  they  are  burned;  the  hard  bricks  being 
from  Vi  to  Mc  in  smaller  than  the  sahnon  bricks.  In  England  the  common 
standard  is  8H  by  4H  by  394  in.  Pressed  bricks  or  face-bricks  are  more  uniform 
in  siae,  as  most  of  the  manufacturers  use  the  same  siae  of  mold.  The  prevailing 
aixcs  for  pressed  bricks  are  8H  by  4H  by  afft  and  8H  by  4  by  aVi  in.  Pressed 
bricks  are  also  made  iH  iu  thick  and  la  by  4  by  iH  in,  those  of  the  latter  sise  btt< 
ing  generally  termed  koman  bsicxs  or  toes. 

The  wsioHT  or  bricks  varies  considerably  with  the  quality  of  the  day  from 
which  th^  are  made,  and  also,  of  course,  with  their  size.  Common  bricks 
average  about  4H  lb  each,  and  pressed  bricks  vary  from  5  to  5H  lb  each.  For 
the  STRENGTH  Of  BRICKS  and  brickwork,  see  Chapter  V.  The  rats-HSJCxs  are 
made  in  various  forms  to  suit  the  required  worii.  A  straight  brick  measures 
9  by  4H  by  aH  in  and  weighs  about  7  lb.  To  secure  the  best  results  fice-bricka 
should  be  laid  in  the  same  clay  from  which  they  are  manufactured*  this  being 
mixed  with  water  into  a  thin  paste.  The  thinner  the  joint,  the  better  the  wall 
will  stand  heat.  For  paving-bricks  the  size  and  weight  vary  according  to  the 
locality  and  to  the  requirements  of  the  specifications.  The  standard  bricks  are 
aH  by  4  by  8  in,  requiring  6(  bricks  to  the  square  yard,  on  edge,  and  weigh  7  lb 
each.  Repressed  bricks  are  a  H  by  4  by  8Vi  in,  requiring  58  to  the  square  yard 
and  weighing  6^i  lb  each.  Metrgpoutan  bricks  are  3  by  4  by  9  in,  require  45 
to  the  square  yard,  and  weigh  9H  lb  each.* 

lime-Mortar  Bricka.t  General  Description.  The  so-called  samd-umb 
BRICKS  were  originally  made  of  lime  mortar,  molded  in  brick  form  and  hardened 
by  exposure  to  the  air.  Such  bricks  are  said  to  have  been  largely  used  in  ancient 
times,  and  it  is  claimed  that  remains  of  such  materials  are  now  in  evidence  and  in 
a  good  state  of  preservation.  It  is  known  that  thqy  were  formerly  used  in  Europe 
in  localities  where  other  materials  were  not  readily  available,  and  that  they  have 
been  used  in  some  localities  in  this  country  during  the  past  thirty-five  years. 
The  writer  knows  of  several  houses  in  Haddonfieki,  N.  J.,  built  of  such  bricks^ 
generally  with  the  exterior  surfaces  plastered.  One  of  them,  however,  said  to  be 
about  twenty-five  years  old,  has  not  been  plastered,  and  an  inspecUon  (1915) 
shows  the  bricks  to  be  in  an  excellent  state  of  preservation.  Lime-mortar  bricks 
htfden  by  the  absorption  of  carbonic-add  gas  from  the  air.  This  gas  enters 
into  combination  with  the  lime,  forming  carbonate  of  lime.  The  hardening  proc- 
ess requires  several  weeks'  exposure  under  cover  and  the  product  has  not  virtues 
sufficient  to  commend  it  where  other  materials  are  available. 

Sand-Lime  Bricks.  It  was  discovered  in  Germany  about  1875  that  lime- 
Dortar  bricks  ooukl  be  hardened  in  a  few  hours  under  heat  and  pressure*  and  it 
was  found  later  that  the  chemical  reaction  under  the  new  process  differs  essen- 
tially from  that  just  described,  and  that  the  percentage  of  lime  can  be  greatly 
reduced.  The  fundamental  principles  of  sand-lime-brick  manufacture  are  now 
Qonunon  property  and  only  the  details  of  the  manufacture  are  patentable. 
Sand-lime  bricks  were  first  made  in  Germany  about  1880,  and  the  more  extended 
commercial  development  of,  the  industry  dates  back  in  Europe  to  about  1888, 

*  Building  Inspectors'  Pocket-book,  A.  T.  Byrne. 

t  CondeBied  from  article  on  Sand-Lime  Bricks  by  Professor  Thomas  Nolsa  in  the  re- 
fiNdcditiaA  el  BeJldliv  Construction  aad  Superintcndcnee,  Part  I,  Uuom*  Week,  by 
F.E.  Kidder. 
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and  in  this  countiy,  to  about  1900.    There  are  now  (1915)  several  factories  in 
operation  in  this  country. 

]£aniifaetare  of  Sand-Lime  Bricks.  Pure  silica  sand,  mixed  with  from  5  to 
10%  of  high-calcium  lime  and  a  certain  proportion  of  water,  is  molded  under 
very  high  pressure  into  the  form  of  bricks.  These  are  piled  loosely  on  cars  hold- 
ing about  xooo  bricks  each  and  placed  in  a  steel  cylinder  large  enough  to  hold 
from  10  to  20  cars.  The  cylinder  is  then  closed  and  ste^m  is  turned  in  and  main- 
tained at  a  pressure  of  from  1 30  to  135  lb  to  the  square  inch  for  from  8  to  10  hours, 
when  the  cylinder  is  opened  and  the  bricks  removed,  ready  for  use.  The  tre- 
mendous pressure,  which  is  said  to  be  100  tons  on  each  brick,  under  which  the 
bricks  are  formed,  causes  great  density  and  a  bringing  of  the  component  elements 
into  dose  contact.  The  heat  in  the  cylinder  dries  the  bricks  and  causes  a  chend- 
cal  reaction  between  the  lime  and  a  portion  of  the  silica,  forming  a  hydrosalicate 
of  lime,  an  insoluble  and  durable  element,  which  bonds  the  remaining  particles 
of  the  sand  together  and  forms  a  comparatively  strong  cementing  material. 
The  small  residue  of  uncombined  lime  combines,  in  the  course  of  time,  either 
with  silica  or  with  carbonic-acid  gas  from  the  air,  imtil  no  free  lime  remains.  The 
bricks  thus  become  harder  and  stronger  with  age.  In  regard  to  the  constitution 
of  sand-lime  bricks,  Edwin  C.  Eckel  says:^  "It  may  be  safdy  assumed  that  a 
sand-lime  brick  as  marketed  consists  of  (i)  sand-grains  held  together  by  a  net- 
work of  (3)  hydrous  lime  silicate^  with  probably  (if  a  magnesian  lime  is  used) 
some  allied  magnesium  silicate,  and  (3)  lime  hydrate  or  a  mixture  of  lime  and 
magnesia  hydrates.  These  three  elements  will  always  be  present,  and  the  struc- 
tural value  of  the  brick  will  depend  in  large  part  on  the  rehitive  percentage  in 
which  the  sand  and  the  hydrates  occur." 

Quality  of  Sand-Lime  Bricks.  The  quality  of  the  product  depends  mainly 
upon  the  selection  and  treatment  of  the  sand  and  the  lime.  Pure  silica  sands, 
containing  a  large  percentage  of  fine  grains  passing  through  screens  of  from  80  to 
150  mesh,  are  preferable.  Clay  or  kaolin  are  dangerous  elements  and  should  not 
be  present  in  quantities  of  more  than  5%.  The  lime  should  be,  preferably,  high- 
calcium  lime,  the  magnesium  silicates  formed  by  impure  limes  not  being  as  strong 
as  calcium  silicates.  Some  manufacturers  use  ready-hydrated  lime,  others 
h3rdrate  the  lime  themselves,  before  mixing  it  with  the  sand,  and  others  grind  the 
quicklime,  mix  it  with  the  sand  and  slake  it  in  the  sand.  The  other  most  im- 
portant element  affecting  quality  is  the  press.  After  pressing  and  before  steam- 
ing, the  bricks  are  very  fragile  and  the  press  should  be  such  that  they  are 
subjected  to  no  shaking  or  friction  after  the  pressure  is  removed  from  the  mold. 
Vertical  day-brick  presses  have  been  commonly  used,  but  do  not  appear  to  be 
well  adapted  to  the  purpose.  The  rotary  table-presses  seem  to  be  most  successful. 

Testa  of  Sand-Lime  Bricks.  If  the  sand  is  reasonably  dean  and  pure,  and  the 
lime  finely  divided,  and  if  the  bricks  are  sound  and  have  a  good  metallic  ring, 
they  will  stand  weather-exposure  well.  If  a  brick  stands  in  still  water  for  aa 
hour  and  the  moisture  rises  more  than  H  in,  it  is  not  a  first-class  brick;  if  the 
moisture  rises  a  in,  its  use  for  fadngs  is  questionable;  and  if  the  moisture  rises 
3  in,  it  should  not  be  used  on  outside  work  of  any  importance.  Authentic  tests  f 
have  been  made  for  crushing,  fire-resistance,  frost-resistance,  add-resistance  and 
absorption,  from  which  it  may  be  concluded  that  under  proper  conditions  of 

*  "  The  Production  of  Lime  and  Sand-lime  Brick  in  1906/'  m  the  Government  Repoit. 
dated  1907  and  published  in  1908.  on  The  Mineral  Resources  of  the  United  States  for  tbe 
Calendar  Year,  1906. 

t  See,  also,  Tests  Upon  Sand-Lime  Bricks,  made  by  Ira  H.  Woobon,  Novonber,  1905, 
at  the  Testing  Laboratory,  Columbia  Univenity,  New  York,  for  The  NatkMttl  AasodttiQQ 
of  Manufacturers  of  Sand-Lime  Products. 
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manufacture  aand-Iime  bricks  are  produced  having  the  following  physical  char- 
acteristics: Crushing  strength,  average,  between  a  500  and  3  000  lb  per  aq  in,  al* 
though  some  specimens  have  shown  over  5  000  lb  per  sq  in;  modulus  of  rupture, 
average,  about  450  lb  per  sq  in;  fire-resistance,  but  little  inferior  to  that  of  fire- 
brick; frost-resbtance,  generally  good;  acid-resistance,  superior;  absorption, 
from  7  to  10%  hi  48  hours;  rate  of  absorption,  slower  than  for  clay  bricks; 
average  absorption  for  complete  saturation,  14%;  reduction  of  compressive 
strength  by  saturation  for  absorption-test,  average  33%. 

Special  Properties  of  Sand-Lime  Bricks.  The  bricks  are  square,  straight, 
uniform  in  size  and  homogeneous  in  composition  and  density.  They  cleave 
accurately  under  the  stroke  of  the  trowel  and  present  a  weather-suriace  with  the 
good  qwUities  of  stone.  They  can  be  cut,  carved  or  sand-blasted,  are  easily 
washed  dean  and  show  no  efflorescence.  These  claims  are  well  established  for 
properly  manufactured  sand-lime  bricks.  It  should  be  further  stated  that  com- 
mon bricks  and  facings  are  made  in  the  same  press,  the  only  difference  being  in 
the  selection  of  the  materials  and  in  the  handling  of  the  raw  bricks.  It  is  there- 
fore claimed  that  a  rational  and  homogeneous  exterior  wall-structure  is  possible, 
since  backings  and  facings  may  be  built  and  bonded  in  even  courses,  with 
Flemish  or  other  ornamental  bonds.  Some  factories,  however,  manufactured, 
at  first,  inferior  bricks  and  care  should  still  be  taken  in  selections  from  their  out- 
puts. Frequently  the  ordinary  runs  of  sand-lime  bricks  are  not  as  strong  as  the 
average  clay  building  bricks  and  some  of  them  are  too  low  in  their  resistance  to 
frost. 

CvHon  of  Sand-Lime  Bricks.  The  natural  color  is  pearl-gray,  varying  in 
warmth  with  the  composition  of  the  sand.  Permanent  colors  are  produced  by 
introducing  mineral  oxides  with  the  raw  materials  in  quantities  varying  accord- 
ing to  the  intensity  of  color  desired;  but  as  the  oxides  are  foreign  materials  in 
the  bricks,  they  affect  the  quality  of  the  latter  in  proportion  to  the  quantity 
used. 

GUzed  and  Enamelad  Bricks.*    The  terms  glazed  bhick  and  enameled 
BKICK,  as  commonly  used,  refer  practically  to  the  same  product,  and  neither 
includes  what  is  known  as  salt-olazed  brick.    The  enameled  or  glazed  bricks 
are  generally  dipped  or  sprayed  and  then  burned,  whereas  the  salt-glaze  is  ob- 
tained by  the  introduction  of  salt  into  the  fire-boxes  of  kilns  while  the  bricks  are 
being  burned.    Glazed  or  enameled  bricks  are  generally  divided  into  two  classes: 
(x)  true  enameled  bricks,  which  have  a  glaze  containing  the  coloring  matter 
applied  to  it  without  any  intermediate  slip;  (2)  bricks  which  have  a  transparent 
glaze  placed  over  a  white  or  colored  slip,  the  slip  coming  between  the  glaze  and 
the  material  to  be  glazed.    The  latter  is  the  process  most  used  in  this  country. 
Manufacturers  differ  as  to  which  process  produces  the  best  bricks  although  it 
would  seem  as  though  the  true  enamel  would  not  chip  or  peel  as  readily.    These 
bricks  can  be  made  in  a  variety  of  colors,  from  white  to  dark  green  or  chocolate, 
and  either  in  a  higbly  glazed  pinish  or  in  a  dull,  satin-finish,  the  latter 
finish  being  quite  desirable  in  many  instances  on  accoimt  of  its  doing  away  with 
the  glare  of  the  more  highly  glazed  bricks  or  tiles.    An  enameled  surface  may  be 
distinguished  from  a  glazed  surface  by  chipping  off  a  piece  of  the  brick.    The 
glazed  brick  will  show  the  layer  of  slip  between  the  glaze  and  the  body  of  the 
brick;  while  the  enameled  brick  wiU  show  no  Une  of  demarcation  l>«tweai  the 
body  of  the  brick  and  the  enamel.    American  enameled  and  glazwl  bncks  are 
now  extensively  used  for  the  exterior  surfaces  of  buildings,  particularly  for  street- 

•  For  a  dfscriptjon  of  the  process  of  manufactur«,  see  pages  jao  to  322  in  Building  Con. 
Btniction  and  Superintendeoce,  Part  I,  Maaons'  Work,  by  F.  £.  Kidder. 
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fronts  and  Bght-conrts,  and  for  interior  side  walls  and  partitUms  of  fooou  or      I 
bttiklingB  used  fxa  a  great  rariety  of  purposes. 

Sites  of  Bnsnieled  Briela.  Enameled  bricks  are  made  !n  two  regular  siaes:  (t) 
English  size,  9  by  3-in  enameled  surface,  4H-in  bed,  and  (2)  American  afac,  BH  hf 
aM-in  enameled  surface,  4Vi-in  bed.  The  English-size  bricks  cost  about  $xo  per 
1  000  more  than  the  American,  but  on  account  of  the  saving  in  the  number  ol 
bricks,  labor  of  laying  and  mortar  in  joints,  the  former  really  effect  a  saving  of 
about  7  cts  per  sq  ft.  Enameled  bricks  are  made,  also,  with  a  zs  by  4H-in 
enamoled  surface,  aH-in  bed. 

Cost  of  Soameled  Bricks.  The  selling  price  of  enameled  bricks  varies  from 
$75  per  1 000  for  the  American  sice  to  $85  for  the  English  dte  and  $xoo  for  the 
12  by  aH  by  2H-in  size;  and  at  these  prices  the  cost  of  the  bricks  per  sqoara 
foot  is: 

cts 

American  size,  7  bricks  to  the  foot 52H 

English  size,  5  H  bricks  to  the  foot 45H 

English  flat,  3H  bricks  to  the  foot 36 

12  by  4Vi  by  aH-in,  3  bricks  to  the  foot 30 

Colon  of  BnasMlad  Bikks.  The  standard  ookics  carried  in  stock  ate  wfaiti; 
cream  and  buff;  other  coIotb  are  made  to  order. 

Estimating  Quantities  and  Cost  of  Brickwork 

Metiiods  of  Cslculation.  The  almost  universal  method  of  calculating  the 
cost  of  brickwork  b  by  estimating  the  number  of  thousands  of  bricks,  wall- 
measure,  and  then  multiplying  by  a  certain  price  per  thousand,  which  Is  usuaBy 
determined  by  experience  and  which  is  intended  to  include  every  item  affecting 
the  cost,  and  very  often  the  profit.  AH  of  the  common  brickwork  in  any  given 
building  is  usually  figured  at  the  same  price  per  thousand  bricks,  the  adjustment 
for  the  more  expensive  portions  of  the  work  being  made  in  the  manner  of  neuur- 
ing.    The  principle  underlying  this  ssrstem  is  explained  as  foOows: 

*'  The  plain  dead  wall  of  brickwork  is  taken  as  the  standard,  aad  the  note 
difficult,  complicated,  ornamental,  or  hazardous  kinds  of  work  are  tncasured  np 
to  it  so  as  to  make  the  compensation  equal.  To  fllostrate,  if,  in  one  day,  a  maa 
can  lay  2  000  bricks  in  a  i^ain  dead  wall,  and  can  lay  only  500  in  a  pier,  aich,  or 
cMmney-top  in  the  same  time,  the  oost  of  labor  per  thomand  in  such  work  is 
four  thnes  as  much  as  in  the  dead  wall,  and  he  is  entitled  to  extra  compensation; 
but  instead  of  varying  the  price,  the  custom  is  to  vary  the  measurement  to  00m- 
pensate  for  the  difference  in  the  time,  and  thus  endeavor  to  secure  a  oalfonn 
price  per  thousand  for  all  descriptions  of  ordinary  brickworit,  instead  of  a  differ- 
ent price  for  the  execution  of  the  various  kinds  of  work."  * 
t-^  Meaaorements  of  Brick- Quantidea.  PlAiN  walls  are  quite  universally  figmtd 
aLJ*  bricks  to  the  square  foot  of  an  8  or  9-in  wall,  22 h  bricks  per  square  foot 
of  a  12  or  i3-in  wall,  ioUrtckS'per'squa^  foot  of  a  16  or  17-in  wbH,  aad  7H 
bricks  for  each  ad<!Utional  4  or  4H  in  in  the  thickness  of  the  wall.  These  figures 
are  used  without  regard  to  the  size  of  the  bricks,  the  effect  of  the  latter  bcmg 
taken  into  account  in  fixing  the  price  per  thousand.  No  deduction  is  made  for 
OPENmcs  of  less  than  80  sup  ft,  and  when  deductions  are  made  for  larger  openings 
the  width  is  measured  2  ft  less  than  the  actual  width.  Hollow  walls  are  also 
measured  as  if  solid.    To  the  number  of  bricks  thus  obtained  is  added  the 

*  Fran  Rttks  of  Meuotemeat  adopted  by  the  Brick  GontcacCais'  EMhanfe  of  IHnvcr. 
CoL 
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BMafiiRment  for  pien,  chinm^jra,  arefaea,  etc  Footxnos  are  genemUy  measured 
in  with  the  wall  by  adding  the  width  of  the  projection  to  the  height  of  the  wall. 
Thus  if  the  footings  project  6  in  on  each  side  of  the  wall,  i  ft  is  added  to  the  actual 
Iw^  of  the  walL  Cbikney-bbeasts  and  fhasxeis  are  measured  by  multi- 
plying the  girth  of  each  breast  or  pikster  from  the  intersections  with  the  wall  by 
the  height,  and  then  by  the  number  of  bricks  corresponding  with  the  thicknett  of 
the  projection.  Flues  in  chimneys  are  always  measured  solid.  Detached 
CHDiNEVs  and  chimncy-tops  are  measured  aa  a  wall  having  a  length  equal  to  the 
sum  of  the  side  and  two  ends  of  the  chimney,  and  a  thickneaa  equal  to  the  width 
of  the  chimney.  Thus  a  chimney  measuring  3  ft  by  x  ft  4  in  would  be  measured 
as  a  16  or  17-in  wall,  5  ft  8  in  long.  T^  nUe  for  iNDePKKDBMT  picks  it  to 
multiply  the  height  of  each  pier  by  the  distance  around  it  in  feet,  and  consider 
the  product  as  the  superficial  area  of  a  wall  whose  thickness  b  equal  to  the  width 
of  the  pier.  In  practice,  many  masons  measiue  only  one  aide  and  one  end  of  a 
pier  or  chimney.  Arches  of  common  bricks  over  openings  of  less  than  80  sup  ft 
are  usually  disregarded  in  estimating.  If  the  arch  is  over  an  opening  larger  than 
80  sq  ft,  the  height  of  the  wall  is  measured  from  the  springing-Une  of  the  arch. 
No  deduction  is  made  In  the  wall-measurement  for  stone  sills,  caps,  or  belt- 
courses,  nor  for  stone  ashlar,  if  the  same  is  set  by  the  brick-mason.  If  the  ashlar 
is  set  by  the  stone-mason,  the  thickness  of  the  ashlar  is  deducted  from  the  thick- 
ness of  the  wall.  The  sum  of  all  of  these  measurements  represents  a  certain 
number  of  thousands  of  bricks,  and  the  whole  is  then  multiplied  by  a  common 
price  per  thousand,  as  $6,  $8,  I12,  or  |i6,  according  to  whatever  the  cost  of  plain 
brickwork  may  be.  If  the  buiMing  is  to  be  faced  with  pressed  bricks,  the  actual 
cost  of  the  pressed  bricks,  as  nearly  as  it  can  be  computed,  is  added  to  the  esti- 
mated price  of  the  common  brickwork,  nothing  being  added  for  hiying  the  pressed 
bricks,  nor  anything  deducted  from  the  common-brick  measurement,  the  meas- 
urement of  the  common  work  displaced  by  the  pressed  bricks  bdng  assumed  to 
offset  the  difference  in  the  cost  of  laying  the  pressed  and  common  brickwork. 
In  arriving  at  the  cost  of  the  pressed  bricks,  the  external  superficial  area  of 
the  walls  faced  with  such  bricks  is  computed,  and  all  openings,  belt-courses,  stone 
caps,  etc.,  are  deducted.  Five-in  stone  sills  are  not  usually  deducted.  If  a  por- 
tion of  the  wall  is  covered  by  a  porch,  so  that  common  bricks  may  be  used  back 
of  it,  this  space,  also,  is  deducted.  The  net  pressed-brick  surface  Is  then  multi- 
plied by  6,  6H,  or  7  to  obtain  the  number  of  bricks  required,  6Vi  giving  about 
the  number  of  pressed  bricks  of  the  standard  size  required  to  the  square  foot. 
The  TOPPING  OUT  of  chimneys,  if  of  face-brick,  is  measured  by  girting  the  chim- 
neys, multiplying  by  the  heights,  and  adding  the  sums  to  the  wall-area. 

Example.  As  a  simple  example  of  this  system  of  estimating  consider  a  small 
brick  house,  28  by  32  ft  in  plan,  without  cross-walls,  the  basement-walls  being 
Z3  io  thick,  with  footings  2  ft  6  in  wide;  the  first-story  waUs,  13  in  thick;  the 
second-story  walls,  9  in  thick;  the  height  of  the  basement-waUs  from  the  trench  to 
the  top  of  the  first-story  joists,  8  ft  6  in;  the  height  of  the  walls  from  the  first- 
story  joists  to  the  top  of  the  second-story  joists,  10  ft  6  in;  and  from  the  secraid* 
story  joists  to  the  plate,  9  ft. 

Wall-Mkasu&ements.  Basement-walls:  lao  ft  (girth  of  building)  by  9  ft 
10  in  (height  and  projection  of  footing)  by  22H  bricks  per  square  foot;  equal  to 
26  550  bricks. 

Flrst-stoiy  walls;  120  ft  by  xo  ft  6^  in  by  saM  bricks  per  square  foot;  equal 
to  28  360  bricka. 

Second-story  walls:  120  ft  by  9  ft  by  15  bricks  per  square  root;  equal  to 
16  200  bricks. 

Topping  out  two  chimneys,  each  i  ft  9  in  by  i  ft  5  in  by  14  ft  high  above  roofs 
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2  by  14  ft  by  (x  It  5  in  plus  i  ft  9  in  plus  i  ft  5  in)  by  30  bricks  per  square  fool; 
equal  to  3  850  bricks. 

Total  brickwork:  74  960  bricks.    At  $9  per  1 000^  the  cost  is  $674.64. 

Pressed  Bricks.  From  the  grade  to  the  under  side  of  the  plates,  the  wall 
measures  22  ft  6  in  and  it  is  to  be  faced  with  pressed  bricks  of  the  standard  sue^ 
costing  $15  per  1 000.  The  door-openings  and  window-openings  measure  384 
sup  ft. 

The  surface  of  pressed  bricks  equals  120  by  22^  ft,  equal  to 2  700  sq  ft 

The  deduction  for  openings  is 384  sq  ft 

Area,  after  deduction 2  316  sq  ft 

Addition  for  two  chinmeys,  2  by  14  by  6  ft  4  in,  equal  to 177  sq  ft 

Total  2  493  sq  ft 

9  493  by  6H  equals  16  204  pressed  bricks,  which,  at  $15  per  i  000  cost,  equals 
$343. 

The  total  amount  of  the  bid  is  $674.64  plus  $243,  or  $917.64. 

The  above  figures  are  supposed  to  include  the  necessary  lime,  sand,  water, 
scaffolding,  etc.,  required  to  make  the  mortar  and  put  up  the  walls,  and  also  a 
profit  for  the  contractor;  but  anything  in  the  way  of  ironwork,  such  as  ties, 
thimbles,  ash-doors,  etc.,  are  figured  as  additions  to  this  amoimt. 

Detailed  Estimates  of  Brickwork.  In  estimating  by  the  above  method,  the 
price  per  thousand  is  to  some  extent  a  matter  of  guesswork,  and  while  an  expe- 
rience! contractor  may  perhaps  make  as  accurate  an  estimate  by  this  method  as 
is  possible  by  any,  yet  it  is  often  necessary  to  estimate  the  work  in  detail;  and 
even  when  the  work  has  been  estimated  as  above,  it  is  necessary  for  the  con- 
tractor to  know  how  many  bricks  and  how  much  sand  and  lime  will  be  required 
to  do  the  work.    The  following  data  will  assist  in  making  such  detailed  estimates. 

With  the  size  of  bricks  used  in  the  Western  States,  from  16^3  to  17  H  common 
bricks  are  required  to  the  cubic  foot  after  deducting  openings,  and  figuring  the 
thickness  of  waUs  at  8,  12,  16,  20  in,  etc.,  the  actual  number  of  bricks  required 
will  run  about  two-thirds  of  the  wall-measure  when  the  openings  are  of  about 
the  average  number  and  size. 

The  number  of  pressed  bricks  will  be  about  6  or  6>i  bricks  to  the  foot,  after 
deducting  openings. 

To  lay  I  000  common  bricks,  kiln-count,  requires  2H  bushels  or  200  lb  of  white 
lime  and  H  cu  yd  of  sand.  For  a  good  lirae-and-<:ement  mortar,  allow  2  bushels 
of  lime,  I  bbl  of  cement  and  H  cu  yd  of  sand.  For  i  :  3  cement-and-sand 
mortar,  allow  xVi  bbl  of  cement  and  H  cu  yd  of  sand,  or  one-half  a  load. 

To  lay  X  000  pressed  bricks  with  buttered  joints  will  require  2  busheb  of  lime 
(x6o  lb)  and  ^  cu  yd  of  sand;  with  spread  joints,  from  2  to  2H  bushds  of  Ume 
and  from  H  to  H  cu  yd  of  sand. 

If  colored  mortar  is  used,  about  $1  per  1  000  bricks  should  be  added  for  the 
mortar-color. 

A  brick-mason,  working  on  a  city  job  under  a  good  foreman,  will  lay,  on  an 
average,  60  pressed  (face)  bricks  per  hour,  and  from  150  to  175  common  bricks 
per  hour.  160  bmg  a  fair  average.  In  country  towns  the  average  u  nearer  120 
per  hour. 

With  wages  at  6a  H  cts  per  hour  for  masons,  31^  cts  for  hod-carriers,  and  34H 
cts  for  mortar-mixen  and  carriers,  sand  at  60  cts  per  cu  yd,  and  lime  at  40  cts 
per  bushel  of  80  lb,  brick-masons  in  Denver  state  that  the  average  cost  of  laying 
common  bricks  in  12-in  walls  is  about  $6  per  1 000,  kiln-count,  and  of  laying 
pressed  bricks  about  $xo  per  x  000. 
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For  common  brickwork,  one  helper  will  be  required  for  every  mason»  and  on 
9-in  walls,  faced  with  pressed  bricks,  one  helper  to  every  two  masons.  In  build* 
ing  common-brick  fireplaces  and  chimneys  one  mason  and  helper  will  lay  about 
600  bricks  in  a  day  of  nine  hours. 

As  a  rule,  chinmeys  built  of  common  bricks  and  with  4-in  walls  cost  about  50 
cts  per  running  foot,  in  height,  for  single  flues»  and  90  cts  f or  double  flues. 

SpAce  Required  for  Piling  Bricke.  One  thousand  bricks  dosely  stacked 
occupy  about  56  cu  ft  of  space.  One  thousand  old  bricks,  cleaned  and  loosely 
stacked,  occupy  about  72  cu  ft. 

A  brick-layer's  hod  measures  21  by  7  by  7  in,  and  wUl  hold  z8  bricks. 

A  mortar-hod  measures  24  by  12  by  12,  and  12  in  acroas  the  top. 

Mortar-Colors  are  usually  in  the  form  of  dry  powders,  or  of  pulp  or  paste. 
The  powders  are  put  up  in  barrels,  the  number  of  pounds  to  the  barrel  and  price 
per  pound  being  about  as  follows: 

Red,  in  500-lb  barrels,  dry from  xN  to  2     cts  per  lb 

Brown,  in  450-lb  barrels,  dry from  1 94  to  2  V^  cts  per  lb 

Bu£f,  in  400-lb  barreb,  dry from  iH  to  2H  cts  per  lb 

Black,  in  z  ooo-lb  barrels,  dry from  3     to  3Vi  cts  per  lb 

For  lots  of  less  than  full  barrels  an  extra  charge  is  sometimes  made  for  packing 
and  drayage. 
In  pulp  or  paste-form: 

Red,  brown  and  buff xH  cts  per  lb 

Black 3     cts  per  lb 

All  other  colors 2     cts  per  lb 

Colors  in  paste-form  can  be  obtained  in  casks,  barrels,  half-barrels  and  kegs, 
all  (except  black  and  buff)  weighing,  in  casks,  900  lb;  in  barrels,  550  lb;  and  in 
half -barrels,  375  lb.  The  buff  weighs,  in  casks,  700  lb;  in  barrels,  450  lb;  and  in 
half -barrels,  300  lb.  Black  weighs,  in  barreb,  450  lb;  and  in  half-barrels,  275  lb. 
To  color  the  mortar  for  laying  x  000  bricks  with  ^m  joints  requires  about  50 
lb  of  red,  terra-cotta  color,  amber,  fern-green  and  salmon;  40  lb  for  buff,  brown, 
colonial  drab  or  French  gray;  and  25  lb  for  black.  For  wider  joints,  a  larger 
quantity  of  stain  must  be  used.  For  paste-colors  an  average  mixture  is,  i 
bucket  of  paste-color  to  7  buckets  of  mortar  for  brickwork  with  >*-in  joints. 
When  the  colors  are  in  the  form  of  dry  powder  they  are  first  mixed  with  dry 
sand,  the  cold  slaked  lime  b  then  added  and  again  mixed  thoroughly.  It  b  very 
important  that  the  color  be  uniformly  mixed.  If  it  is  not  added  at  first,  but  left 
until  the  mortar  b  made,  the  labor  of  mixing  is  doubled.  The  more  thorough 
the  mixing  the  less  color  is  required.  Mortar  colors  should  never  be  mixed  with 
hot  Kme.  When  the  color  b  in  the  fortn  of  a  pulp  or  paste,  it  should  be  thor- 
oughly hoed  in,  in  order  to  secure  a  uniform  and  smooth  shade.  For  very  fine 
pressed  bricks,  the  stained  mortar  should  be  strained  through  a  coarse  sieve. 

Efflorescence  on  Brickwork.  \  white  efflorescence  often  appears  on 
brickwork,  especially  in  moist  climates  and  damp  places.  It  may  spread  over 
large  areas  of  the  wall-surface  although  originating  in  the  mortar  joints.  Solu- 
ble salts,  principally  of  soda,  potash  and  magnesia,  in  the  cement  or  lime  mortar, 
are  dissolved  by  the  water  absorbed  by  the  mortar  and  later  precipitated  on  the 
surface  of  the  brickwork  as  a  white  deposit,  when  the  water  evaporates.  Thb 
deposit  seems  to  be  greater  with  the  natural  than  with  the  Portland -cement  mor- 
tars and  still  heavier  with  lime  mortar.  The  origin  of  the  effloresence  may  be  in 
the  bricks  themselves  as  well  as  in  the  mortar  used.  Thb  b  the  case  when  the 
bricks  are  made  from  clays  containing  iron  pyrites  or  burned  with  sulphurous 
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eoal.    Moisture  in  tach  btfcks  tends  to  dissolve  the  sulpliate  of  magnesia  and 
sulphate  of  lime,  wluch,  in  the  evaporation  of  the  water,  are  deposited  on  the 
surface  fts  crystals  of  these  salts.    Efflorescence  may  result,  also,  from  water 
impregnated  from  the  mortar,  absorbed  by  the  brides  and  then  evaporated, 
leaving  the  whitish  deposits;  and  it  is  sometimes  caused  by  adulterations  in 
certain  MORrAR-<x>L0RS.    As  a  pxsventivb,  General  Gilmore  recommended  the 
addition  to  every  3O0  lb  of  the  cement  powder,  100  lb  of  quicklime,  and  from  8 
to  IS  lb  of  any  cheap  AUxmal  fat,  which  is  to  be  thoroughly  inooipoiated  with 
the  quicklime  before  the  latter  is  slaked,  preparatory  to  adding  it  to  the  cement. 
The  alkaline  salts  tend  to  be  SAVONirtaD  by  the  fat.    This  is  not  an  entirely 
satisfactory  treatment,  and  as  a  rule  it  only  partly  prevents  or  zemoves  the 
objectionable  deposits;  and  this  addition  to  the  cement  retards  its  setting  and 
somewhat  diminishes  its  strength.    It  b  claimed  by  some  that  boiled  uksb£D- 
OIL,  applied  to  brickwork  in  two  coats,  will  lessen  the  absorption  of  moisture  for 
from  one  to  three  years  and  thus  lessen  the  tendency  to  efflorescence.     It  is 
usually  mixed  in  the  proportion  of  2  gal  of  oil  to  300  lb  of  dry  cement,  either  with 
or  without  lime;  but  it  is  injured  by  the  mortar  and,  like  the  fat,  retards  the 
setting  of  the  cement  mortar  and  weakens  it.    In  order  to  diminish  the  chances 
of  efflorescence  on  brickwork,  the  walls  should  be  made  as  imferviocs  as  possible 
by  laying  the  bricks  in  a  rich  well-mixed  Portland-cement  mortar  and  filling  aQ 
joints  full  and  solid.    If  the  building  is  on  damp  ground,  carefully  constructed 
DAMP-PROOF  COURSES  of  the  proper  materials  should  be  built  into  the  waUs  or  a 
course  of  horizontal  joints  near  the  bottom  of  the  walls  should  be  waterproofed. 
Reasonably  hard  bricks  should  be  used  for  facing,  projections  and  exposed  top 
surfaces  waterproofed  and  provided  with  drips,  and  the  roof,  cornice  and  gutters 
made  water-tight.    When  efflorescence  is  due  to  the  penetration  of  rain-water  or 
moistiure  into  the  brickwork  and  it  is  required  to  preserve  the  texture  and  color 
of  the  work,  the  surface  may  be  coated  with  preparations  of  paraffins  or  with 
various,  patented  waterproofing  mixtures.     The  preparations  cx>ntaining 
paraffine  are  usually  applied  hot,  and  the  walls,  also,  are  heated  by  portable 
heaters  prevbus  to  the  application.    They  give  fairly  good  results,  bat  are 
quite  expensive,  owing  to  the  time  and  labor  required  for  their  appUcation. 
Brick  walls  may  be  rendered  impervious  to  moisture  by  washes  applied  by  the 
Sylvester  process.    These  washes  consist  of  an  alum-solution  made  by  dis- 
solving I  lb  of  alum  per  gallon  of  water,  and  a  soap-solution  made  by  dissolving 
2H  lb  of  pure  hard  soap  per  gallon  of  water.    The  brick  walls  should  be  dry  and 
dean  and  it  is  recommended  that  they  should  not  be  colder  than  50**  F.    The 
soap-wash  is  made  boiling  hot  and  then  applied  to  the  brickwork.    The  tem- 
perature of  the  alum-solution  is  usually  from  60^  to  70**  F.  when  put  on.    One 
wash  b  applied  and  allowed  to  dry  for  about  24  hours,  after  which  the  other  wash 
is  put  over  it.    When  aluminium  sulphate,  improperly  called  alum,  is  substi- 
tuted for  the  alum,  the  cost  of  the  wash  is  less,  only  two-thirds  as  much  sulphate 
as  alum  is  required  and  the  results  are  better. 

LIME* 

Nature  and  Properties  of  Lime.  Chemically,  lime  b  caldum  oxide.  Used 
in  a  broader  sense,  it  is  the  class-name  of  a  great  variety  of  products  manu- 
factured by  the  caldnation  of  limestone.  Limestone  consists  of  the  carbonato 
of  caldum  and  magnesium  which  vary  widely  in  their  ratio  to  each  other.  The 
limestones  used  in  the  manufacture  of  lime  products  may  be  divided  into  two 
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dasaes,  CALcnnc  umestoncs  and  ooLOnmc  uiikstones.  High-caldum  lime* 
stones  contain  only  a  relatively  low  percentage  of  magnesium  carix>nate,  while 
dc^mitic  limestones  contain  a  considerable  amount  of  It.  Dolomitic  limestone 
usually  corresponds  roughly  to  the  theoretical  formula  of  dolomite  (CaC(^) 
(MgCOi).  The  CALCiNATioiv  of  limestone  consists  of  heating  to  expel  the  caibon 
dioxide.  The  product  resulting  from  calcination  of  limestone  is  known  as 
QtncKLncE  and  possesses  great  affinity  for  water.  Slaking  is  the  process  of 
adding  water  to  quicklime.  During  the  process  of  slaking,  heat  is  energetically 
evolved  and  much  of  the  water  driven  off  in  the  form  of  steam.  During  this 
slaking  process,  also,  high-calcium  quicklimes  must  be  agitated  and  stirred  con- 
tinually or  a  portion  will  fail  to  receive  the  proper  quantity  of  water  and  will 
contain  unslaked  particles  which  are  likely  to  slake  after  being  used  in  the  work, 
causing  popping,  pitting  and  disintegration.  Dolomitic  limes  do  not  slake  so 
energetically,  and  while  they  should  be  stirred  while  slaking,  this  b  not  so  neces- 
sary as  with  high-caldum  limes.  Either  dass  of  quicklime,  through  faulty  manu- 
facture, is  likdy  to  contain  over-burned  portions  which  slake  with  difficulty  and 
may  cause  popping,  etc.,  if  the  lime-paste  is  not  carefully  screened  before  use. 
The  setting  and  hardening  of  common  lime  mortar  is  due,  first,  to  the  drying 
out  and,  secondly,  to  the  absorption  of  carbon  dioxide  from  the  atmosphere  and 
the  formation  of  crystals  of  caldum  carbonate  to  which  the  strength  of  the  mor- 
tar is  ascribed.  In  the  manufacture  and  use  of  common  lime  mortar,  therefore, 
the  raw  material,  limestone,  is  first  caldned,  and  the  carbon  dioxide  expelled;  it 
is  then  slaked  with  water  and  forms  caldum  hydroxide,  in  which  the  water  b 
gradually  replaced  by  carbon  dioxide.  The  lime  thus  eventually  returns  to  its 
original  carbonate  form.  As  far  as  the  ultimate  result  is  concerned,  there  b 
generally  little  difference  between  high-calcium  and  dolomitic  quicklimes. 
Owing  to  greater  familiarity  with  one  or  the  other  of  the  classes  of  lime,  archi- 
tects and  builders  in  certain  sections  of  the  country  prefer  one  to  the  other. 

Speciflcationfl  for  Quicklime.  The  lime  industry  has  in  recent  years  been 
made  the  subject  of  careful  study  and  the  following  clauses  give  the  essential 
features  of  tentative  spedfications  for  quicklime  suggested  by  the  American  So- 
dety  for  Testing  Materiab  as  embodying  results  approved  in  general  by  the  best 
practice. 

L  Ddhiitiona,  Claadflcation,  tte. 

I.  DsnKmoN.  Quicklime  is  a  material  the  major  part  of  which  is  caldum 
oxide  or  caldum  and  magnesium  oxides,  which  will  slake  on  the  addition  of  water. 

3.  Grades.    Quicklime  b  divided  into  two  grades: 

(a)  Selected.  A  well-burned  lime,  picked  free  from  ashes,  core,  clinker  or 
other  foreign  material. 

{b)  Run-of-Kihi..  A  wetl-bumed  lime  without  selection. 

3.  Forms.    Quicklime  b  shipped  in  two  forms: 

(tf)  Lump  Lime.    The  size  in  which  it  comes  from  the  kiln. 

ib)  Pulverized  Lime.    Lump  lime  reduced  In  size  to  pass  a  H-in  screen. 

4.  Basis  op  PtTRCHASE.  The  particular  grade,  form  and  class  shall  be  sped- 
fied  in  advance  of  purchase. 

n.  Chemical  Propertiee  and  Teats 
(A)  Sampliiif 

5.  Lime  in  Bulk.  When  quicklime  U  shipped  in  bulk,  the  sample  shall  be  so 
taken  that  it  will  lepffeMot  an  average  of  all  parts  of  the  abiiMneDl  from  lop  to 
bottom,  and  shall  not  contain  a  dispioponbnate  shan  of  the  top  and  bottoo> 
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layers,  which  are  most  subject  to  changes.  The  sample  shall  comprise  at  least 
lo  shovelfuls  taken  from  different  parts  of  the  shipment.  The  total  sample 
taken  shall  weigh  at  least  loo  lb  and  shall  be  crushed  to  pass  a  x-in  ring  and 
quartered  to  provide  a  x5-lb  sample  for  the  laboratory. 

6.  Lime  in  Bajui£i^.  When  quicklime  is  shipped  in  barrels,  at  least  3%  oi 
the  number  of  barrels  shall  be  sampled.  They  shall  be  taken  from  various  parts 
of  the  shipment,  dumped,  mixed  and  sampled  as  specified  in  the  preceding  section. 

7.  Laboaatory  Samples.  All  samples  to  be  sent  to  the  laboratory  shall  be 
immediately  transferred  to  an  air-tight  container  in  which  the  unused  portion 
shall  be  stored  until  the  quicklime  shall  finally  be  accepted  or  rejected  by  the 
purchaser. 

(B)  Chemleal  Propertiet  and  Tetts* 

8.  Types.  Quicklimes  are  commercially  divided  according  to  thdr  chemical 
composition  into  four  types: 

(a)  High-Calcium.    Quicklime  containing  over  90%  of  caldum  onde. 

ib)  Calcium.  Quicklime  containing  not  under  85%  and  not  over  90%  d 
caldum  oxide. 

(c)  Magnesium.  Quicklime  containing  between  10  and  25%  of  magnesiva 
oxide. 

(i)  Dolomitic.    Quicklime  containing  over  25%  of  magnesium  oxide. 

9.  Chemical  Properties,  (a)  Selected  quicklime  shall  contain  not  und^ 
90%  of  calcium  and  magnesium  oxides  and  not  over  3%  of  carbon  dioxide. 

(b)  Run-of-kiln  quicklime  shall  contain  not  under  85%  of  caldum  and  ma^ 
nesium  oxides,  and  not  over  5%  of  carbon  dioxide. 

m.  Phjtical  Propertiea  and  Testa 

10.  Percentage  of  Waste.  An  average  5-lb  sample  shall  be  put  into  a  h 
and  slaked  by  an  experienced  operator  with  sufficient  water  to  produce  'J 
maximum  quantity  of  lime  putty,  care  bdng  taken  to  avoid  burning  or  dro<! 
ing  the  lime.  It  shall  be  allowed  to  stand  for  24  hours  and  then  wa^  1 
through  a  20-mesh  sieve  by  a  stream  of  water  having  a  moderate  prcs^ti 
No  material  shall  be  rubbed  through  the  screens.  Not  over  i%  of  the  w\.^ 
of  the  sdected  quicklime  nor  over  5%  of  the  weight  of  the  run-of-kiln  quick'.'i 
shall  be  retained  on  the  sieve.  The  sample  of  lump  lime  taken  for  thb  :i 
shall  be  broken  so  that  all  of  it  will  pass  a  i-in  screen  and  be  retained  on  a  U 
screen.    Pulverized  lime  shall  be  tested  as  received. 

IV.  Inspecdon  and  Rejection 

XI.  Inspection,    (a)  All  quicklime  shall  be  subject  to  inspection. 

{b)  The  quicklime  may  be  inspected  either  at  the  place  of  manufacture  or 
point  of  delivery,  as  arranged  at  time  of  purchase. 

{c)  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  tn 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  adl  pan] 
the  manufacturer's  works  which  concern  the  manufacture  of  the  <iuick1 
ordered.  The  numufacturer  shall  afford  the  inspector  all  reasonable  facll 
for  inspection  and  sampling,  which  shall  be  so  conducted  as  not  to  interf em 
necessarily  with  the  operation  of  the  works. 

(J)  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  rc}^ 
of  the  quicklime  in  his  own  laboratoiy  or  elsewhere.  Such  testa,  howe\*cr,  i 
be  made  at  the  expense  of  the  purchaser. 

*  These  dauMs  are  bdag  icviaed  (1915)  by  a  committee  of  the  Am.  Soc  for  I 
Mata^  aad  may  be  fouad  in  the  1915  Year-Book  of  that  aodety. 

le 
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12.  Rejection.  Unless  otherwise  specified,  any  rejection  based  on  failure 
to  pass  tests  prescribed  in  accordance  with  these  specifications  shall  be  reported 
within  five  days  from  the  taking  of  samples. 

13.  Rehearing.  Samples  which  represent  rejected  quicklime,  shall  be  pre- 
served in  air-tight  containers  for  five  days  from  the  date  of  the  test-report.  In 
case  of  dissatisfaction  with  the  results  of  the  tests,  the  manufacturer  may  make 
claim  for  a  rehearing  within  that  time. 

Hydrated  Lime.  The  slaking  of  quicklime  is  an  operation  which  is  almost 
invariably  carried  on  by  laborers  who  have  little  or  no  conception  of  the  impor- 
tance of  their  task.  As  a  result,  many  failures  have  been  charged  to  lime  in  the 
past  which  actually  were  due  to  bnproper  preparation  during  the  slaking  opera- 
tion. The  new  product  known  as  hydrated  uue  has  been  offered  widely  to  the 
trade  in  recent  years  and  has  met  with  much  success.  Hydrated  lime  is  a  dry 
flocculent  powder  resulting  from  the  slaking  of  quicklime  by  mechanical  means, 
with  an  amount  of  water  which  is  sufficient  to  satisfy  the  calcium  oxide,  but  in- 
sufficient to  make  a  paste  or  putty.  Hydrated  lime  is  manufactured  in  mechani- 
cal hydrators  in  which  the  batches  of  quicklime  and  water  used  are  carefully 
proportioned  by  weight.  After  passing  from  the  hydrator,  hydrated  lime  is 
subjected  to  a  mechanical  sjrstem  of  separation  which  eliminates  the  coarse  or 
impure  particles  which  may  cause  popping,  etc.  Hydrated  lime  is  sold  in  bags  of 
definite  weight  and  requires  only  to  be  mixed  with  sand  and  water  to  make  the 
mortar.  The  bags  have  usually  been  made  of  heavy  burlap  or  duck  cloth,  con- 
taining 100  lb,  or  of  paper,  containing  40  lb.  Several  of  the  more  prominent 
manufacturers  of  hydrated  lime  in  the  United  States  employ  chemists  who 
rcgulariy  superintend  the  manufacture  of  hydrated  lime,  just  as  the  chemists  in 
Portland-cement  factories  superintend  the  proportioning  of  the  raw  mix  going 
to  the  kilns  to  be  burned  for  Portland  cement.  The  hydrated  lime  manufac- 
tured under  such  chemical  supervision  is  a  reliable  product  free  from  tendencies 
which  might  give  rise  to  popping,  pitting  or  disintegration.  Hydrated  lime  of 
good  quality  may  be  used  for  almost  any  purpose  for  which  lime  mortar  is  used, 
and  is  by  some  considered  a  more  reliable  product  than  quicklime.  Among  the 
newer  uses  for  hydrated  lime  may  be  mentioned  its  employment  in  cement  mor- 
tars and  concrete.  An  addition  of  about  15%  of  hydrated  lime  to  cement 
mortar  or  concrete  decreases  its  premeability  to  water,  reduces  the  cracking 
due  to  shrinkage,  etc.,  and  increases  the  plasticity  of  the  mortar  or  concrete, 
thus  preventing  separation  of  Ihe  sand,  stone  and  cement  and  causing  the  mix- 
ture to  flow  and  fill  the  forms  more  readily. 

Spedficattona  for  Hydratad  Lime.  The  following  clauses  give  the  essential 
features  of  tentative  spedficationa  for  hydrated  lime  suggested  by  the  American 
Society  for  Testing  Materials  as  embo<^ng  results  approved  in  general  by  the 
best  practice. 

I.  Deflaition 

I.  DEFiNrnoN.  Hydrated  lime  is  a  dry  flocculent  powder  resulting  from  the 
hydration  of  quicklime. 

3.  Basis  of  Purchase.  If  a  particular  type  of  hydrated  lime  is  desired,  it 
shall  be  specified  in  advance  of  purchase. 

n.   Chemical  Propertiet  and  Testa* 
3.   Sampling.    The  sample  taken  from  hydrated  lime  shall  be  a  fair  average 
of  the  shipment     3%  of  the  packages  shall  be  sampled.    The  sample  shall  be 

*  Tbew  datises  are  being  levised  (xgxs)  by  a  conunittee  of  the  Am.  Soc.  for  Test. 
Mats.,  and  may  be  found  in  the  19x5  Year-Book  of  that  society. 
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taken  from  the  surface  to  the  center  of  the  paduge.  The  sample  to  be  aeut  to 
the  laboratory  shall  immediately  be  transferred  to  an  ativ^ight  cootetDcr.  in 
which  the  unused  portion  shall  be  stored  nntil  the  hydrated  Kme  haa  been  fisMlly 
accepted  or  rejected  by  the  purchaser. 

4.  CtASBEB.  Hydrated  limes  are  commercially  divided  aocording  to  thcii 
chemical  composition  into  four  classes: 

(a)  High-Caldum.  Hydrated  lime,  the  non-volatile  portion  of  whidi  oon* 
tains  over  90%  of  calcium  onde. 

ib)  Calcium.  Hydrated  lime,  the  non-volatile  portion  of  which  coatatna  not 
under  85%  and  not  over  go%  of  calcium  oxide. 

(c)  Magnesian.  Hydrated  lime,  the  non-volatile  portion  of  which  oontains 
between  xo  and  2$%  of  magnesium  oxide. 

id)  Dolomitlc.*  Hydrated  lime,  the  non-volatile  portion  of  which  rontains 
not  under  9S%  of  magnesium  oxide. 

5.  Cbuocal  P&0PEETIE8.  Hydrated  lime  shall  contain  not  over  5%  of 
carboD  dioxide  and  sufficient  water  to  fully  hydrate  the  caldum  oxide  content. 

in.  Physical  Plopertiee  and  Tests 

6.  FtNENESS.  A  xoo-g.  sample  of  hydrated  Hme  shaU  leave  by  weight  a  resi- 
due of  not  over  5%  on  a  standsrd  xoo-mesh  sieve  and  not  over  0.5%  on  a  stand- 
ard 30-mesh  sieve. 

7.  Constancy  or  Voluioe.  A  pat  about  3  in  in  diameter,  H  In  thkk  at  the 
center,  tapering  to  a  thin  edge,  made  on  a  dean  glass  plate  about  4  In  square, 
from  a  paste  composed  of  equal  parts,  by  weight,  of  hydrated  lime  under  test 
and  volume-constant  Portland  cement  (gauged  with  only  suffident  water  to  make 
the  mixture  workable),  shall,  when  exposed  in  any  convenient  manner  (after 
hardening  34  hours  in  moist  air)  to  steam  above  boiling  water  in  a  loosdy  closed 
vessel  for  5  hours,  show  no  signs  of  poppfaig,  checking,  cracking,  warping,  or 
cBsint^jatbn. 

IV.  FscUag  and  MarUag 

8.  Packino.  Hydrated  lime  may  be  packed  either  In  cloth  or  paper  bags 
and  the  weight  Is  to  be  pkdnly  marked  on  each  package. 

9.  Masking.  The  name  of  the  manufacturer  shall  be  legibly  marked  or 
tagged  on  each  package. 

y.  Inapectiea  and  Reiectiott 

10.  iNSVEcnoN.    (e)  All  hydrated  lime  shall  be  subject  to  iaspectioii. 

ih)  The  hydrated  lime  may  be  inspected  dthcr  at  the  place  of  manufacture 
or  the  point  of  delivery,  as  arranged  at  the  time  of  purchase. 

{c)  The  inspector  representing  the  purchaser  shall  have  free  entry,  at  all  times 
while  work  on  the  contract  of  the  purchaser  is  being  performed,  to  all  parts  of  the 
manufacturer's  works  which  concern  the  manufacture  of  the  hydrated  lime 
ordered.  The  manufacturer  shall  afford  the  Inspector  all  reasonable  fadhties 
for  inspection  and  sampling,  which  shall  be  so  conducted  as  not  to  interfere  un- 
necessarily with  the  operation  of  the  works. 

(^  The  purchaser  may  make  the  tests  to  govern  the  acceptance  or  reJectioD 
of  the  hydrated  lime  in  his  own  laboratory  or  elsewhere.  Such  tests,  however, 
shall  be  made  at  the  expense  of  the  purchaser. 

*  In  the  new  daasification  it  was  icconunended  (June  1915)  that  the  fooitfa  daas  be 
called  High-Magnesian  instead  of  Dolomitic.  The  adoption  of  any  changes  fai  the  ten- 
tatlw  ipedficatlMtt  wiU  be  fouad  In  the  x9XS  Year-Book  ef  the  Am.  Soc  lor  Test 
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II.  RsjGCtiON.  Unieas  othenvise  sped6ed,  any  rejection  based  on  faiiure  to 
pass  tests  prescribed  in  these  specifications  shall  be  reported  within  five  working 
days  from  the  taking  of  samples. 

IS.  Reheakimg.  Samples  which  represent  rejected  hydnted  lime  shall  be 
preserved  in  air-tight  containers  for  five  da3rs  from  the  date  of  the  test-report. 
In  case  of  dissatisfaction  with  the  results  of  the  tests,  the  manirfart  tiger  may 
maka  claim  for  a  rehearing  within  that  tima. 

Aka  Lime.  A  recent  devebpment  in  the  lime  industry  is  Alca  Lime.*  This 
ia  a  material  said  to  combine  the  plasticity  and  sand-carrying  qualities  of  lime 
mortar  with  the  strength,  hardness  and  quicker  set  of  the  gypsum  plasters. 
It  is  composed  of  approximately  85%  of  hydrated  lime  and  is%  of  a  specially 
prepared  material  containing  alumina  and  silica  in  such  proportions  as  to  com* 
bine,  forming  bodies  which  greatly  contribute  to  the  strength,  hardness  and 
plastidty  of  the  product.  It  is  sold  in  x  co-lb  packages  and  requires  only  to  be 
mixed  with  sand  and  water  before  use.  When  usod  for  plastering,  it  has  the 
characteristics  of  lime  mortar,  and  while  it  becomes  hard  and  strong,  it  is  claimed 
that  it  is  free  from  the  so-called  sounding-board  effects  noticed  in  some  bard-wall 
plasters.  It  is  not  iujured  by  water  and  is  often  used  for  outside  stucco-work 
and  also  as  a  brick-lajring  mortar  in  place  of  lime  mortar  gauged  with  Portland 
cement.  The  manufacturers'  directions  for  the  use  of  Alca  Lime  should  be  care- 
fully observed,  and  this  may  be  said  of  all  pr^>ared  plastering  or  cementing 
materials. 

Useful  Data  on  QnicklinM.  Quicklime  is  shipped  cither  in  barrds  or  in  bulk. 
In  dry  climates  it  will  keep  for  a  long  time  in  bidk,  but  in  damp  climates  and 
along  the  coast  it  soon  slakes  unless  enclosed  in  barrds.  In  most  of  the  Eastern 
cities  it  is  sold  by  the  barrel,  weighmg  for  Rockland  Me.  lime  220  lb  net.  When 
shipped  in  bulk  it  is  generally  sold  by  the  bushel  of  80  lb,  aH  bushels  or  200  lb 
of  lime  being  considered  as  equivalent  to  a  barrel,  Other  weights  are,  230  lb, 
net.  per  bbl,  75  lb  per  bushel  and  64  lb  per  cu  ft.  The  average  yield  of  ldie- 
PASTE  from  the  best  Eastern  limes  has  been  found  to  be  2.63  times  the  bulk  of 
imslaked  Ume.  A  barrel  of  good  quality  wdl-bumed  lime  should  make  8  cu  ft,  or 
30  pails,  of  lime-paste  or  putty.  Careful  experiments  conducted  by  United  States 
engineers  have  demonstrated  that  the  best  mortar  is  obtained  by  mixing  one  part 
of  Ume  paste  to  two  parts  of  sand. 

Cementa.    For  data  on  cements,  see  Chapter  m. 

SAND  AND  GRAVEL 

Sand  is  obtained  from  banks  or  pits»  from  river-beds  and  from  the  seashore. 
Pit-sand  or  bank-sand,  free  from  day  or  earthy  materials,  is  generally  considered 
the  best  for  mortar,  although  excellent  sand  is  often  obtained  from  river-beds. 
Sea-sand  contiuns  alkaline  salts  which  attract  and  retain  moisture  and  which, 
unless 'thoroughly  washed,  cause  efflorescence  when  used  in  brickwork.  Both 
sea-sand  and  river-sand  have  more  or  less  rounded  grains,  to  which  lime  or  cement 
will  not  adhere  as  well  as  to  sharp,  angular  grains.  Both  are  extensively  used, 
however,  for  lack  of  better  materials.  The  use  of  sand  in  mortar  is  to  prevent 
excessive  shrinkage  and  to  save  the  cost  of  lime  or  cement.  Sand,  when  used  in 
the  proportion  of  i  :  s,  strengthens  lime  mortar,  but  any  additnn  of  sand  to 
cement  weakens  it. 

Screening  Sand.  Sand  for  mortar  must  ordinarily  be  screened.  Sand  for 
brown  mortar  for  plastering  or  conunon  brickwork  is  ordinarily  run  through  a 

*  This  is  a  patented  artkle  and  is  offered  for  sale  by  many  Ucenses  in  the  United  Statei 
onder  the  Spackman  patents. 
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No.  4  screen  having  4  by  4  meshes  to  the  inch.  For  sand  finish  and  nu>i;tar  for 
pressed  brickwork,  either  a  No.  10  or  a  No.  12  screen  with  10  by  10  or  12  by  x  a 
meshes  to  the  inch  is  commonly  used.  For  nibble  stonework  the  sand  is  not 
ordinarily  screened,  unless  it  contains  much  gravel,  in  which  case  it  should  be 
screened  through  a  H-in  mesh. 

Weight  of  Sand.  Dry  sand  weighs  from  80  to  1x5  lb  per  cu  ft.  The  average 
weight  of  damp  (not  wet)  sand  is  about  96  lb  per  cu  ft,  or  about  2  600  lb  per  cu  yd. 
The  voids  for  ordinary  sand  range  from  0.3  to  0.5  of  the  volume,  the  average  for 
screened  sand  suitable  for  mortar  being  0.35  of  the  volume.  The  more  uneven 
the  grains  in  size  the  smaller  the  percentage  of  the  voids.  A  one-horse  load  of 
sand  contains  about  22  cu  ft.  Two-horse  loads  vary  from  i  W  to  2  yd.  The 
amount  hauled  per  k>ad  in  the  larger  cities  is  generally  fixed  by  the  Team  Owners' 
Association,    x  H  yd  is  a  fair  load,  x  y^  yd  a  good  load  and  2  yd  a  large  load. 

LATHING  AND  PLASTERING* 

Wooden  Laths  should  be  well  seasoned,  free  from  sap,  bark  and  dead  knots. 
Bark  on  laths  is  quite  sure  to  stain  the  plaster.  White  pine  is  generally  con- 
ddered  the  best  wood  for  laths,  although  spruce  and  hemlock  laths  are  much 
used.  Hard  pine  is  not  a  good  material,  as  it  contains  too  much  pitch.  The 
regular  size  of  laths  is  Win  by  x  H  in  by  4  ft.  The  width  and  thickness  vary  some- 
what in  different  mills.  There  b  a  new  lath  on  the  market,  which  is  only  32  in 
long  and  which  costs  from  $1.75  to  $2  less  than  the  48-in  lengths.  Latbs  are 
sold  by  the  thousand,  in  bunches  containing  100  laths,  from  $4.50  to  $5.50  be- 
ing about  the  average  prices. 

Metal  Lathing.    (See  Chapter  XXm,  pages  887  to  893.) 

Plastering  on  laths  is  generally  done  in  three  coats.t  The  first  coat  is  called 
the  sckatch-coat;  the  second,  the  brown  coat,  and  the  third,  the  white  coat, 
SKIM-COAT,  or  FINISH.  On  brickwork  or  stonework  the  scratch-coat  is  generally 
omitted.  For  first-class  work  each  coat  should  be  permitted  to  dry  thoroughly 
before  the  next  coat  is  applied,  and  under  no  circumstances  should  the  finl^h- 
ooat  be  applied  before  the  brown  coat  is  thoroughly  dry. 

Drawn  Work  is  a  brown  coat  applied  to  a  scratch-coat  from  the  same  staging, 
inmiediately  after  the  scratch-coat  is  applied.  It  is  a  little  cheaper  than  dsy 
SCRATCH,  and  much  of  it  is  done  in  the  Western  States. 

The  Scratch-Coat  should  always  be  made  rich  in  lime,  and  should  contain  1 4 
bu  of  hair,  or  an  equivalent  quantity  of  fiber  to  each  cask  of  lime,  or  x  bu  of  hair 
to  2  of  lime.  A  proportion  of  one  part  lime-paste  to  two  parts  of  sand  will  re- 
quire I  cask  (2H  bu)  of  lime  to  5H  bbl  of  screened  sand. 

The  Brown  Coat  should  contain  x  cask  (2H  bu)  of  lime  to  7  bbl  of  screened 
sand,  and  i  bu  of  hair  to  5  of  lune.  Very  little  plaster  is  mixed  by  measure,  how- 
ever, the  usual  custom  being  to  mix  as  much  sand  with  the  slaked  lime  as  the 
mortar-mixer  thinks  it  will  stand  and  give  satisfaction,  the  tendency  being  alwa>-5 
to  make  the  lime  go  as  far  as  possible. 

The  Third  or  Finishing  Coat  is  designated  by  various  terms,  such  as  skim 
COAT,  WHITE  COAT,  PtJTTY-coAT,  SAND-FINI^,  etc.    The  skim-coat  as  used  in  the 

*  For  a  more  complete  descriptbn  of  materials  and  processes,  see  Chapter  XI I ,  Building; 
Construction  and  Superintendence.  Part  I,  Masons'  Work,  by  F.  E.  Kidder. 

t  In  the  Eastern  States,  dwellings  of  moderate  cost  are  generally  plastered  with  ttro- 
ooat  work,  the  first  or  scratch-coat  being  brought  nearly  to  the  grounds,  and  carefuOy 
straightened  to  receive  the  skim-coat. 
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Eastern  States  is  gtnenUIy  composed  of  lime-putty  and  washed  beach-sand  in 
equal  proportions. 

Sand  Tinish,  which  has  a  rough  surface  resembling  coarse  sandpaper,  is  mix^ 
in  the  same  way,  only  that  coarser  sand  and  more  of  it  is  used,  and  it  is  finished 
with  a  wooden  or  cork-faced  float. 

White  CoAthig  or  Hard  Finish  generally  means  a  composition  of  lime-putty 
and  plaster  of  Paris,  to  which  marble>dust  is  sometimes  added.  Plaster  of  Paris 
and  marble-dust  when  used  should  not  be  mixed  with  the  lime-putty  until  a  few 
moments  before  using,  and  no  more  should  be  prepared  at  one  tune  than  can  be 
used  up  at  once,  as  it  soon  sets,  after  which  it  should  not  be  used.  The  skim- 
coat  or  hard  finish  should  be  finished  with  a  steel  trowel  and  wet  brush.  The 
more  the  work  is  troweled  the  harder  it  becomes.  A  superior  hard  finish  is  ob- 
tained by  mixing  4  parts  of  Best's  Keene's  cement  to  x  part  lime-putty. 

Mortar  for  Plastering.  To  make  sure  that  the  lime  is  well  slaked,  it  is  cus- 
tomary to  require  that  the  mortar  for  plastering  shall  be  mixed  at  least  seven 
days  before  it  is  used. 

Hair  such  as  is  used  by  plasterers  is  obtained  from  the  hides  of  cattle,  and  after 
being  washed  and  dried  is  put  up  in  paper  bags,  each  bag  being  supposed  to  con- 
tain I  bushel  of  hair  when  beaten  up.  Each  package  is  supposed  to  weigh  from 
7  to  8  lb  but  the  weight  often  falls  short.  Asbestos  and  Manilla  fiber  are  both 
used  in  place  of  hair;  they  are  cleaner  than  hair  and  are  said  to  be  less  injured  by 
the  lime.  It  is  much  better  to  add  the  hair  to  the  lime-paste  aftek  it  is  cold 
and  before  mixing  in  the  sand,  as  hot  lime,  and  the  steam  caused  by  the  slaking, 
bum  or  rot  the  hair  so  as  to  greatly  weaken  it.  The  common  practice  is  to  put 
the  hair  in  the  mortar-box,  run  o£F  the  hot  lime  as  soon  as  it  is  slaked,  throw  in 
the  sand  and  mix  the  whole  together.  It  is  then  thrown  out  of  the  box  into  a 
pile  and  a  new  batch  mixed  up. 

Machine-Made  Mortar.  In  several  of  the  larger  dties  plants  have  been 
equipped  for  the  mixing  of  mortar  by  machinery.  Machine-mixed  mortar  should 
be  much  better  than  the  ordinary  hand-nuxed  mortar,  for  the  reason  that  tune 
can  be  given  for  the  Hme  to  slake,  the  Line  and  sand  can  be  accurately  measured, 
and  the  hair  and  lime  are  not  mixed  with  the  lime  until  jtist  before  delivery.  The 
mixing  may  also  be  more  thoroughly  and  evenly  done  by  machinery  than  is 
possible  by  hand. 

Improved  Wall-Plasters.  Owing  to  the  difficulty  of  obtaining  sufficient  space 
in  building  operations  in  central  sections  of  large  cities  to  properly  slake  sufficient 
lime  mortar  to  carry  on  the  plastering  with  the  necessary  speed,  other  kinds  of 
plastering  materials  have  come  into  existence  in  recent  years.  These  are  known 
as  GYPSUM  plasters  or  hard-wall  plasters.  The  base  pf  these  products  is 
calcium  sulphate  or  gypsum  which  has  been  calcined  to  partially  expel  the 
water.  The  setting  and  hardening  of  these  products  is  dependent  upon  their 
combining  chemically  with  the  gauging  water  and  crystallizing  in  the  same 
chemical  form  as  the  material  possessed  before  calcination.  All  hard-wall 
plasters  contain  material  added  for  the  purpose  of  controlling  the  set.  The 
straight  calcined  gypsum  sets  in  a  very  few  minutes,  which  time  would  be  en- 
tirely too  short  to  permit  the  workmen  to  apply  the  plaster  to  the  wall  and 
straighten  it  up  before  it  had  set.  These  plasters  are  characterized,  also,  by 
their  inability  to  carry  as  much  sand  as  lime  mortar.  Many  of  them  contain 
other  substances,  such  as  clay  or  hydrated  lime,  added  to  improve  their  plastic- 
ity. Hard-wall  plasters  manufactured  in  the  eastern  part  of  the  United  States 
fiom  rock-gypsum  invariably  contain  15%,  more  or  less,  of  clay  or  hydrate, 
added  for  this  purpose.    Plasters  made  in  Kansas,  Oklahoma,  Texas  and  other 
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WeMitfti  and  Southwestern  States  at«  made  fram  earth*gypitim.  In  the  cbm 
of  these  materials,  day  and  hydratcd  lime  are  not  added,  for  the  reaicni  that  tbe 
earth-gypsum  oantains  considerable  clay  matter,  which  reodecB  further  additions 
tmiieceftsary. 

Use  of  Hard-Wall  Plasters.  Hard-wall  plasters  are  found  to  be  very  ood« 
veoient  in  cases  where  space  and  time  are  the  most  important  elements  in  the 
building  operation!  They  set  more  rapidly  than  lime  |>lasten»  thus  permitting 
the  white  coating  and  finishing  of  the  job  to  be  completed  earlier.  While  hard- 
wall  plasters  become  extremely  hard,  this  property  is  sometimes  considered 
objectioAablei  as  it  may  give  rise  to  what  is  osUed  the  soundino-boabd  effect. 

Keeiie'e  CementPlastetS4  Asdisthiguished  from  theordfaiary hard- wall  plaeten, 
there  exists  another  class  of  gypsum-products  which,  however,  are  somewhat 
different  In  the  method  of  preparation  and  behavior.  In  the  manufacture  of 
these  materials,  the  gypsum  is  caldned,  immersed  in  a  bath  of  altun  or  similar 
chemical  abd  recalctned.  The  name  Keens's  cement  is  usually  applied  to  these 
materials,  which  are  made  by  several  manufacturers  in  this  country.  These  are 
slow-setting  and  ultimately  attain  great  strength  and  hardness.  Reene's  cement 
is  generally  used  with  considerable  lime-putty  or  hydrated  lime.  The  use  of 
equal  parts  of  hydrated  lime  and  Keene's  cement  in  making  a  plastering  material 
is  often  reconunended  and  found  in  specifications.  (For  Alca  lime  tised  as  a 
wall-plaster,  see  page  1467.) 

Advantages  of  Improved  Wall-FlAsters.  Among  the  advantages  gained  by 
the  use  of  these  plasters  are  uniformity  in  strength  and  quality,  extra  hardness 
and  toughness,  freedom  from  pitting*  saving  in  time  required  in  malcing  and  dry- 
ingf  minimum  daiiger  from  frost  while  being  applied  and  before  set|  less  weight 
and  moisture  iti  the  building,  and,  in  some  esses,  greater  resistance  to  the  action 
of  fire. 

M  easurifig  Plaaterers'  Work^  Lathing  is  always  figured  by  the  square  yard 
and  is  generally  included  with  the  plastering,  although  in  small  country  towns  the 
carpenter  often  puts  on  the  laths.  Postering  on  plane  surfaces,  such  as  walls 
and  ceilings,  is  always  measured  by  the  square  yard,  whether  it  is  one-coat,  two- 
coat,  or  three-coat  work,  or  lime  or  hard  plaster.  In  regard  to  deductions  for 
openings,  custom  varies  somewhat  in  different  parts  of  tbe  country  and  also  with 
different  contractors.  Some  plasterers  allow  one-half  the  area  of  openings  for 
ordinary  doors  and  windows,  while  others  make  no  allowance  for  openings  of  less 
than  7  sqyd. 

MlaceUaiieoua  Details.  Returns  of  chimney-breasts,  pilasten  and  all  strips 
less  than  is  in  in  width  sho>ild  be  messured  as  is  in  wide.  Closets*  soffits  of 
stairsi  etc.)  are  generally  figured  at  a  higher  rate  than  plain  walls  or  ceilings,  as  it 
is  not  BS  easy  to  get  at  them.  For  circular  or  elliptical  work,  domes  or  groined 
ceilings,  an  additional  price  is  made.  If  the  plastering  cannot  be  done  from 
trestles  an  additional  charge  must  be  made  for  staging.  Whenever  plastoing  is 
done  by  measurement  the  contract  should  definitely  state  whether  or  not  open- 
ings are  to  be  deducted,  and  a  special  price  should  be  made  for  the  stucco-work, 
based  on  the  f  uU-siae  details. 

Cornices  and  Moldings.  Stucco  cornices  and  molded  work  are  generaDy 
measured  by  the  superficial  foot,  measuring  on  the  profile  of  the  molding.  When 
less  than  1 3  in  in  girth  they  are  usually  rated  as  i  ft.  For  each  internal  angle  i 
lin  ft  should  be  added,  and  for  external  angles,  i  tin  ft.  For  cornices  ott  circular 
or  elliptical  work  an  additional  price  should  be  charged.  Enriched  moldings  are 
generally  figured  by  the  linear  foot,  the  price  depending  upon  tbe  dHigii  god  ilie 
of  the  mold. 
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Qnaatltisi  of  Matoiisla  for  Lathing  and  Plaatoring 

MiscellaneottS  Data.  To  cover  zoo  sq  yd  requires  from  i  500  to  i  600  laths, 
or  say  i  450  for  an  average  job,  and  10  lb  of  threepenny  fine  naik. 

Three-coat  plastering  on  wooden  laths,  plaster-of-Paris  finish,  will  require 
from  10  to  13  bu  of  lime,  t>^  cu  yd  of  sand,  2  bu  of  hair  and  100  lb  of  plaster  of 
Paris  per  100  sq  yd. 

If  the  finish-coat  is  omitted,  deduct  2  bu  of  lime  and  all  of  the  plaster  of  Paris. 

If  sand-finished,  omit  the  plaster  of  Paris  and  add  H  cu  yd  of  sand. 

To  cover  100  sq  yd  with  two  coats  on  brick  or  stone  walls,  the  brown  coat  and 
finishing  ooats»  will  require  from  S  to  xo  bu  of  Ukna,  tH  ca  yd  of  sand,  and  100  lb 
of  plaster  of  Paris,  to  100  sq  yd. 

Using  Best*s  Keene's  cement  for  brown  mortar  and  Keene's  finish  on  expanded- 
metal  lath  will  require,  for  brown  mortar,  550  lb  of  cement,  $H  bu  of  lime,  2  cu 
yd  of  sand  and  2  bu  of  hair;  for  the  finish,  300  lb  of  cement  and  x  bu  of  lime  per 
xooyd. 

Hard  plasters  on  expanded-metal  lath,  plaster-of-Paris  finish,  require,  for 
brown  mortar,  2  000  lb  of  plaster  and  2  cu  yd  of  sand;  for  the  finish,  x  bu  of  lime 
and  xoo  lb  of  plaster  of  Paris  per  xop  yd. 

Coat  of  Lathing  and  Plastering.  The  average  price  for  putting  on  wooden 
laths,  labor  only,  is  3H  cts  per  yard.  For  expanded  or  sheet-metal  laths  on 
wooden  studding,  5  cts;  on  steel  studding,  wired,  from  8  to  10  cts. 

The  cost  of  putting  three  coats  on  laths,  plaster-of-Paris  finish,  labor  onlyi 
nms  about  15  cts  per  yard  for  drawn  work  and  x6  cts  for  dry  scratch. 

With  sand  finish  the  cost  is  about  the  same  as  for  white  finish. 

These  figures  are  based  on  plasterers'  wages  at  62H  cts  per  hour,  and  37H  ttl 
per  hour  for  hod-carriers  and  mortar-mixers. 

The  following  schedule  gives  the  average  cost  of  different  kinds  of  plastering, 
based  on  lime  at  40  cts  per  boshd,  sand  at  75  cts  per  load  of  iH  cu  yd,  hair  at  40 
cts  per  bushel,  plaster  of  Paris  at  50  eta  per  xoo  lb,  and  wages  as  given 
above. 

Scratch  and  brown  coat  (lime)  on  wooden  laths 95  cts  per  sq  yd. 

Three  coats  (lime)  on  wooden  laths,  plasterof-Paris  finish  . .  30  cts  per  sq  yd. 

Three  coats  (lime)  on  wooden  laths,  saiKl  finish 30  cts  per  sq  yd. 

Brown  coat  and  finish  on  brick  walis\ 23  cts  per  sq  ycL 

For  hard-wall  plaster  instead  of  lime,  add 3Ctspersqyd. 

Three  coats  (lime),  plaster-of-Paris  finish,  metal  lath  on 

wooden  studdbg 65  cts  per  sq  yd. 

Three  coats  (lime)  plaster-of-Paris  finish,  metal  lath  on  steel 

studding 68  cts  per  sq  yd. 

For  Keene's  cement  finish,  add xo  cts  per  sq  yd. 

For  blocking  in  imitation  of  tile,  add 50  cts  par  mi  yd. 

Two  coats  hard-wall  plaster,  plaster-of-Paria  finish,  metal 

lath,  wooden  studding : 70  cts  per  sq  yd. 

Two  coats  hard-wall  plaster,  plaster-of-Paris  finish,  metal 

lath  on  steel  studs 73  cts  per  sq  yd. 

For  Keene's  cement  finish,  add 10  cts  per  sq  yd. 

Portland  cement,  brown  coat,  finished  with  Keene's  cement 

blocked  in  imitation  of  tile,  3  by  6  in $2.80  per  sq  yd. 

For  running  base,  9  in  high,  in  Best's  Keene*s  cement 10  cts  per  ft. 

For  ruiming  plain  moldings  in  plaster  of  Paris,  from  3  to  5  cts  per  inch  of  girth. 
For  finishing  shafts  of  columnsi  from  x6  to  34  >n  ia  dUm.,  from  xa  to  14  ft  higt^ 

$3  per  column  (labor  only). 
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These  prices  are  believed  to  be  pretty  near  an  average  for  the  entire  country. 
In  some  localities  prices  for  materials  or  labor  are  less,  in  others  higher. 

Staff  is  a  composition  of  plaster  of  Paris  and  hemp-fiber,  cast  in  molds,  and 
nailed  or  wired  in  place.  All  of  the  buildings  of  the  Colvmibian  Exposition  at 
Chicago  (1893)  were  covered  with  this  material  and  all  of  the  temporary  build- 
ings of  the  St.  Louis  Exposition  (1904).^  It  is  not  sufficiently  durable  for  per- 
manent work  unless  it  is  frequently  painted.  The  cost  of  staff,  as  used  on  the 
buildings  at  Chicago  in  1893,  varied  from  $2  to  $2.25  per  sq  yd. 


DATA  ON  LUMBER  AMD  CARPENTiaiS'  WORKf 

Relative  Hardnees  of  Woods.  Taking  shell-bark  hickory  as  the  highest 
standard  of  our  forest-trees,  and  calling  that  100,  other  trees  will  compare  with  it 
for  hardness  as  follows: 


Shell-bark  hickory 100 

Pignut  hickory 96 

White  oak 84 

White  ash 77 

Dogwood 7S 

Scniboak 73 

Whitehall 72 

Apple-tree 70 

Red  oak 69 

Whitebeech 6s 

Black  walnut 65 

Blackbirch 62 


Yellow  oak 60 

Hard  maple 56 

White  elm s8 

Red  cedar 56 

Wild  cherry 55 

Yellow  pine 54 

Chestnut 52 

Yellow  poplar 51 

Butternut 43 

Whitebirch 43 

White  pine 30 


Weight  of  Rough  Lumber  per  1 000  Feet 

BOASD-MEASURE,  APPKOXDCAIE 
For  weight  of  various  woods  see  tables  on  pages  141 5  to  1422 


Kind  of  wood 


Ash 

Chestnut 

Hemlock 

Maple,  hard. .. 
Maple,  soft.... 

Oak.rad 

Oak.  white. . . . 
Pine,  long-leaf 
Pine,  white — 

Poplar 

Spruce 

Sycamore 

Walnut,  block. 


Green  from 

saw. 

lb 


4600 
4200 
5  400 
5000 
5500 
5  700 
4500 
3500 
4000 
3150 
4750 
4900 


Shipping- 
dry, 
lb 


3000 
41SO 
3650 
4250 
4500 
3500 
2500 
3000 
3700 
3200 
4000 


Wdl- 
seasoned, 

lb 


3500 

3900 

3300 

4000 

4x00 

2  400 
2900 
2300 
3000 
3800 


Kilxwlried. 
lb 


3200 

3400 
3000 
3400 
3600 


2  400 

2200 


*  A  description  of  the  process  of  manufacture  of  staff  is  given  in  Chapter  XH  of 
Building  Construction  and  Superintendence,  Part  I,  Masons'  Worii,  by  F.  E.  Kidder. 

t  A  comprehensive  booklet  giving  the  rules  for  the  grading  and  claasificatioa  of  yeOov- 
pine  lumber  and  dressed  stock  may  be  obumed  from  The  Yellow  Pine  MaaufactuRfB* 
Association,  St.  Loub,  Mo. 
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Frtming-Lumber  may  commonly  be  purchased  in  any  of  the  following  nomi- 
nal sizes,  except  that  common  pine,  spruce,  and  hemlock  cannot  usually  be  ob- 
tained in  larger  sixes  than  xa  by  12  in. 


Nominal  Sizes  of  Fnuning-Lomber 

in 

in 

in 

in 

2    X4 

3X6 

4X12 

8X12 

2X6 

3X  8 

4X14 

8X14 

2X8 

3X10 

6X6 

I     10X10 

2    Xio 

3Xia 

6X8 

10X12 

2     XX2 

3X14 

6X10 

ioXx4 

2    XX4 

3X16 

6X12 

10X16 

2    Xx6 

4X  4 

6X14 

12X12 

2WX12 

4X6 

6X16 

X2X14 

2MX14 

4X  8 

8X  8 

12X16 

2WX16 

4X10 

8X10 

14X14 
14X16 

In  scMxie  of  the  New  England  mills,  the  following  sizes,  also,  are  sawed:  2  by  3, 
2  by  5, 2  by  7,  2  by  9, 3  by  4  and  3  by  5  in.  These  sizes  are  not  conmionly  carried 
in  stock,  and  in  most  localities  would  have  to  be  obtained  by  ripping  larger 
sizes.  Most  of  the  long-leaf  yellow  pine  and  Douglas  fir  is  shipped  surfaced 
ONE  smE  AND  EDGE,  the  actual  dimensions  being  from  H  in  to  H  in,  and  some- 
times \i  in,  scant  of  the  nominal  dimensions.  When  framing-lumber  is  required 
to  be  full  to  dimensions  it  should  be  ordered  in  the  rough,  and  a  special  contract 
made  on  that  understanding. 

Lengths  of  Framing-Timbers.  All  timber  is  cut  and  sold  in  even  lengths,  as 
10,  12,  14  and  16  ft.  Odd  and  fractional  lengths  are  counted  as  the  next  higher 
even  length;  consequently  it  is,  in  certain  cases,  possible  and  economical  to  plan 
buildings  so  that  timbers  of  even  lengths  may  be  used  without  waste. 

Measurement  of  Rough  Lumber.  i\ll  rough  lumber  is  sold  by  the  foot, 
BOARD-MEASURE,  oue  foot  being  the  equivalent  of  a  board  i  ft  wide,  x  ft  long,  and 
X  in  thick.  To  compute  the  board-measure  in  any  board,  plank,  or  timber,  di- 
vide the  nominal  sectional  area,  in  inches,  by  la,  and  multiply  by  the  length  in 
feet.  Thus  the  number  of  feet  in  a  2  by  4-in  scantling,  8  ft  long  »  (2  x  4/12)  x 
8-  S>i  ft,  board-measure.  A  lo-in  board,  12  ft  long,  contains  (i  x  10/12)  x 
12  —  10  ft,  board-measiue.  Extensive  tables  are  published  showing  the  feet,  in 
board-measure,  for  almost  any  commercial  size  of  timber.  The  following  table, 
however,  although  compact,  will  enable  one  to  readily  estimate  the  number  of 
feet  in  any  of  the  standard  sizes  of  boards,  planks,  or  timbers.  To  use  the  table, 
find  the  product  of  the  lateral  dimensions  of  the  cross-section;  then  in  the 
colunm  having  a  heading  equal  to  this  product,  and  in  the  horizontal  line  oppo- 
site the  given  length  will  be  found  the  number  of  feet  in  board-measure.  Thus, 
for  a  3  by  4,  2  by  6,  or  i  by  12-in  timber  look  in  the  column  headed  12;  for  a  2 
by  12,  4  by  6,  or  3  by  S-in  piece,  look  in  the  column  headed  24.  For  lengths  not 
given  in  the  table,  take  either  twice  the  length  and  divide  by  2,  or  one-half  the 
length  and  multiply  by  2.  Where  timbers  of  the  same  size  abut  end  to  end,  it 
economizes  labor  in  reducing  to  board-measure  to  take  the  full  length;  for  this 
reason  the  lengths  in  the  table  are  carried  beyond  those  for  single  sticks. 
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For  «zplMatioii,  we  ptft  UVS 


Length 

Sectional  area  in  square  inches 

1 

in  feet 

4 

6 

8 

10 

X2 

14 

xi5 

18 

ao 

ft    |n 

ft* 

ft    in 

ft 

in 

ft* 

ft    in 

ft    in 

ft* 

ft     in 

6 

2       0 

3 

4     9 

$ 

6 

7       9 

8     0 

9 

10      0 

8 

2       8 

4 

5      4 

6 

6 

9     4 

10     8 

12 

13       4 

10 

3 

S 

6     8 

6 

XO 

11      8 

X3      4 

15 

x6      8 

12 

4     ' 

« 

8      0 

10 

12 

14     9 

X6      0 

18 

20      0 

14 

4     ' 

T 

9      4 

XI 

14 

16      4 

X8      8 

21 

23       4 

i6 

S     , 

8 

10      6 

13 

l6 

x8     8 

91      4 

24 

26       8 

x8 

6 

9 

12       9 

IS 

x8 

21        0 

94      0 

27 

30       0 

ao 

6 

10 

13      4 

x6 

90 

23      4 

96      8 

30 

33       4 

22 

7 

II 

14      • 

x6 

22 

25      8 

99      4 

33 

36      8 

24 

8 

» 

i6     0 

20 

24 

28      0 

39      0 

36 

40      0 

26* 

8 

13 

17      4 

2X 

26 

30      4 

34      8 

39 

43       4 

l« 

9 

14 

18     8 

93 

26 

39      6 

37      4 

48 

46      8 

30 

19 

1$ 

29      0 

s 

30 

3S      0 

40     0 

45 

SO       Q 

^ 

10 

l6 

ai     4 

39 

37      4 

49      8 

48 

S3       4 

34 

n 

n 

22      8 

28 

34 

39     8 

45      4 

51 

56       8 

36 

12 

t8 

34       0 

30 

36 

42      0 

48      0 

54 

60      0 

38 

12 

X9 

25      4 

31 

38 

44      4 

50     8 

57 

«3       4 

40 

13 

00 

B«       8 

35 

40 

46     8 

S3      4 

60 

66      8 

42 

M      < 

0 

21 

28      o 

U 

42 

49      0 

56      0 

63 

70      0 

Sectioiwlan 

niins< 

luareincl 

lies 

24 

28 

JO 

3a 

35 

36 

40 

42 

48 

6 

ft* 

ft     in 

ft* 

ft 

in 

ft 

m 

«t» 

ft     in 

ft* 

ff 

12 

14        o 

IS 

i6 

0 

17 

16 

20     0 

2X 

24 

• 

X« 

16       8 

20 

21 

93 

24 

26     8 

26 

39 

10 

w 

23        4 

n 

26 

99 

39 

13      4 

3S 

40 

12 

24 

26         0 

30 

32 

35 

36 

40     0 

42 

48 

J4 

28 

3?       8 

3$ 

37 

40 

10 

49 

46     8 

49 

56 

i6 

33 

37       4 

40 

49 

46 

48 

53      4 

56 

64 

x3 

36 

42       o 

45 

48 

52 

54 

60      0 

63 

72 

20 

40 

46       8 

SO 

53 

58 

60 

66     8 

70 

80 

22 

44 

SI        4 

55 

58 

64 

66 

73      4 

77 

88 

■4 

43 

S6       0 

6o 

64 

79 

72 

89     0 

84 

96 

i 

a6 

JP 

6o       6 

6S 

69 

7S    1 

10 

7« 

86      8 

W 

104 

m 

S6 

6$       4 

70 

74 

81 

84 

93     4 

98 

112 

» 

6o 

70        9 

75 

8o 

87 

90 

100     0 

105 

120 

32 

64 

74       8 

8o 

85 

93 

96 

X06     8 

119 

128 

34 

68 

79       4 

85 

90 

99 

102 

113      4 

119 

136 

38 

72 

84       o 

90 

96 

105 

XO8 

X20       0 

X26 

144 

38 

76 

88       8 

95 

XOI 

no    ] 

0 

XI4 

126     8 

133 

159 

40 

8o 

63        4 

100 

xo6 

1X6 

X» 

138      4 

140 

x6o 

42 

84 

98       o 

105 

XX2 

o 

122 

xa6 

X40      0 

147 

168 

•Th 

emessuxe 

ments  in  thtaw 

iCOl 

umnsc 

omeoat  i 

nevcofeet. 
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Sectiofial  itiA  In  square  inches 

• 

I^ength 

in  feet 

56 

60 

64 

72 

80 

u 

96 

loo 

X12 

ft  in 

ft* 

ft  1ft 

ft* 

ft  itl 

ft* 

ft* 

ft  in 

ft  in 

4 

i8  B 

30 

2X  4 

24 

i6  8 

28 

32 

33  4 

37  4 

6 

28  0 

30 

32  0 

36 

40  0 

42 

48 

50  0 

56  0 

S 

37  4 

40 

42  8 

48 

53  4 

56 

64 

66  8 

U    8 

Id 

46  8 

SO 

53  4 

60 

66  8 

70 

80 

83  4 

93  4 

IJ 

S^    0 

60 

64  0 

74 

80  0 

«4 

96 

lOo  0 

Xl2  0 

14 

65  4 

70 

74  8 

84 

•3  4 

98 

XX2 

xx6  8 

X30  8 

x6 

74  8 

80 

85  4 

96 

x«6  8 

1x4 

138 

133  4 

149  4 

iS 

84  0 

90 

96  0 

X08 

x2o  0 

I36 

144 

ISO  0 

168  0 

70 

d3  4 

loo 

106  8 

120 

133  4 

I40 

166 

166  8 

Ob    8 

M 

102  8 

110 

XX7  4 

X32 

X46  8 

154 

17« 

183  4 

*55  4 

24 

112  0 

X30 

X38  0 

X44 

x6o  0 

168 

19* 

300  0 

234  0 

a« 

12»  4 

X30 

136  8 

IS6 

X73  4 

183 

208 

216  8 

342  8 

38 

130  8 

X4O 

149  4 

168 

x86  8 

196 

234 

233  4 

361  4 

30 

140  0 

«50 

x6o  0 

x8<) 

2to  or 

2X0 

240 

250  0 

380  0 

32 

X4^  4 

X60 

170  8 

19*. 

2t3  4 

234 

2S« 

266  8 

i98  8 

34 

158  8 

170 

x8x  4 

204 

326  8 

A38 

272 

383  4 

3x7  4 

35 

t68  0 

X80 

X93  0 

216 

340  0 

253 

288 

300  0 

336  0 

38 

177  4 

X90 

303  8 

238 

353  4 

266 

304 

3x6  8 

3$4  8 

4<i 

X86  8 

200 

313  4 

340 

366  8 

280 

320 

333  4 

373  4 

42 

tgfi  0 

2x0 

334  0 

3S2 

380  0 

294 

336 

350  0 

39a  0 

44 

205  4 

230 

234  8 

264 

393  4 

308 

352 

366  8 

4x0  8 

46 

214  8 

230 

245  4 

276 

306  8 

32!a 

368 

3S3  4 

429  4 

48 

324  0 

240 

256  0 

288 

320  0 

336 

384 

460  0 

44S  0 

SO 

m  4 

350 

266  8 

300 

333  4 

350 

40« 

416  8 

466  8 

52 

242  8 

360 

277  4 

3X3 

346  t 

364 

416 

433  4 

485  4 

54 

252  0 

270 

288  0 

324 

360  0 

378 

432 

450  0 

504  0 

56 

361  4 

360 

398  8 

336 

373  4 

392 

44t 

466  8 

522  8 

58 

270  8 

290 

309  4 

348 

386  8 

406 

464 

4^3  4 

541  4 

6o 

280  0 

300 

330  0 

366 

400  0 

420 

480 

500  0 

56c  0 

62 

289  4 

310 

330  8 

372 

413  4 

434 

496 

5x6  8 

S7<  8 

64 

398  8 

320 

34X  4 

384 

426  8 

448 

5x2 

533  4 

597  4 
6X6  0 

66 

308  0 

330 

353  0 

396 

440  0 

462 

538 

550  0 

68 

317  4 

340 

363  8 

408 

453  4 

476 

544 

566  8 

634  8 

70 

336  8 

3S0 

373  4 

430 

466  8 

490 

560 

583  4 

653  4 

72 

336  0 

360 

384  0 

432 

480  0 

S04 

576 

660    6 

672  0 

74 

345  4 

370 

394  8 

444 

493  4 

5x8 

S9* 

6x6  8 

690  8 

76 

354  8 

380 

405  4 

456 

506  8 

532 

608 

633  4 

709  4 

78 

364  0 

390 

416  0 

468 

520  0 

546 

634 

650  0 

728  o* 

80. 

373  4 

400 

436  8 

480 

533  4 

560 

640 

666  8 

746  8 

82 

382  8 

4x0 

437  4 

492 

546  8 

574 

65^ 

683  4 

765  4 

84 

392  0 

420 

448  0 

504 

560  0 

588 

67i 

700  6 

784  0 

'  thb  mumiumtMi  in  flMW  cotdouitf  cMK  <ttf  in  cMfr 
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Lumber  and  Caipenters*  Work 


Pftrt  3 


TtMM  of  Botfd-MMMra  (CdntittMd) 
For  explanation,  see  page  1473 


Length 

Size  and  sectional  area  in  inches 

1 

1 
1 
1 

infect 

120 

140 

X44 

x6o 

168 

192 

196 

234 

loXia 

10X14 

X2XI2 

ioXx6 

X3XX4 

12XX6 

14x14 

14X16  ; 

ft- 

ft  in 

ff 

ft  in 

ff 

ff 

ft  in 

ft   in 

1 

1 

4 

40 

46  8 

48 

S3  4 

56 

64 

65  4 

74  8 

6 

60 

70  0 

7a 

80  0 

84 

96 

98  0 

113  0  . 

8 

80 

93  4 

96 

X06  8 

XX3 

X28 

130  8 

149  4 

10 

100 

116  8 

ISO 

133  4 

140 

160 

163  4 

186  8 

u 

X30 

X40  0 

X44 

160  0 

x68 

192 

196  0 

234  0 

14 

140 

163  4 

x68 

x86  8 

196 

324 

338  8 

a6i  4 

16 

x6o 

186  8 

193 

313  4 

324 

356 

36x  4 

298  8 

18 

z8o 

2x0  0 

3X6 

340  0 

353 

388 

394  0 

336  0  . 

30 

300 

333  4 

340 

366  8 

380 

330 

336  8 

373  4  , 

23 

320 

2S6  8 

a64 

293  4 

308 

353 

359  4 

410  8  1 

H 

340 

380  0 

388 

320  0 

336 

384 

392  0 

448  0 

a6 

360 

303  4 

3x2 

346  8 

364 

416 

424  8 

485  4  . 

28 

280 

336  8 

336 

373  4 

392 

448 

457  4 

522   8 

30 

300 

350  0 

360 

400  0 

420 

480 

490  0 

560  0  ' 

32 

330 

373  4 

384 

436  8 

448 

5X3 

523  8 

597  4  1 

34 

340 

396  8 

408 

453  4 

476 

544 

555  4 

634  8  1 

36 

360 

430  0 

432 

480  0 

504 

S76 

588  0 

67a  0 

38 

380 

443  4 

456 

506  8 

532 

6c6 

630  8 

7C9  4 

40 

400 

466  8 

480 

533  4 

560 

640 

653  4 

746  8  1 

4a 

430 

490  0 

S04 

s6o  0 

588 

672 

686  0 

784  0 

44 

440 

513  4 

538 

586  8 

616 

704 

718  8 

831  4  ' 

46 

460 

536  8 

553 

613  4 

644 

736 

751  4 

858  8  I 

48 

480 

S6o  0 

576 

640  0 

672 

768 

784  0 

896  0 

SO 

SCO 

583  4 

600 

666  8 

700 

800 

8x6  8 

933  4 

S2 

530 

606  8 

624 

693  4 

728 

832 

&49  4 

970  8 

54 

540 

630  0 

648 

730  0 

7S6 

864 

883  0 

XOOS  0 

S6 

S6o 

6S3  4 

672 

746  8 

784 

896 

914  8 

1045  4 

5« 

580 

676  8 

696 

773  4 

812 

928 

947  4 

X  083  8  1 

60 

600 

700  0 

730 

800  0 

840 

960 

980  0 

X  I30  0 

62 

6ao 

723  4 

744 

836  8 

868 

992 

X  0Z3  8 

I  IS7  4 

64 

640 

746  8 

768 

853  4 

896 

1034 

X04S  4 

I  194  8 

66 

660 

770  0 

792 

880  0 

924 

X056 

X078  0 

X  233  0 

68 

680 

793  4 

8x6 

906  8 

952 

X068 

X  ixo  8 

1269  4 

70 

700 

816  8 

840 

933  4 

980 

I  X20 

1  143  4 

1306  8 

72 

730 

840  0 

864 

960  0 

1008 

XXS3 

1x76  0 

1344  0 

74 

740 

863  4 

888 

9B6  8 

I  036 

XI84 

X208  8 

1 381  4 

.  "^ 

760 

886  8 

912 

1013  4 

1064 

I  3X6 

I  241  4 

X4I8  8 

78 

780 

910  0 

936 

X  040  0 

I  092 

1348 

X  274  0 

1456  0 

80 

800 

933  4 

960 

1066  8 

I  120 

X380 

1306  8 

i'493  4 

83 

830 

956  8 

984 

1093  4 

1x48 

1 312 

1339  4 

1530  8 

84 

840 

980  0 

1008 

I  I30  0 

I  176 

1344 

1372  0 

X56B  0 

'  The  meaaurements  in  these  columns  come  out  in 
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Measurement  of  Lumber  1477 

Matturement  of  Finishing-Lumber,  Flooring,  Ceiling,  Etc.  Most,  if  not 
cUI,  lumber  for  finishing  is  sawed  for  use  in  thicknesses  of  z  in,  iH  in,  iH  in,  and 
2  in,  and  some  woods,  such  as  white  pine  and  poi>lar,  are  sawed  into  thicknesses 
of  3H  in  and  3  in. 

When  surfaced  both  sides,  the  thickness  is  reduced  to  ^Ht,  iHe>  iMe,  iHt  3H, 
and  2iM<  in. 

All  dressed  stock  is  measured  and  sold  strip-count,  that  is,  full  size  of  rough 
material  necessarily  used  in  its  manufacture.  Thus  iHe-in  boards  are  measured 
as  though  iH  in  thick.  The  number  of  feet,  board-measure,  for  iH-in  stock 
(iH«  finished)  is  iH  times  that  in  a  i-in  board,  and  in  the  same  way  for  iH-in 
and  2H-in  stock.  x^4-in  planks  are  always  measured  a  in  thick,  and  aK-in 
stock,  2M  in  thick.  Boards  less  than  i  in  thick  are  measured  the  same  as  i-in 
boards,  but  for  H-in  and  H-in  stock  a  reduced  price  is  generally  made. 

Matched  Ordinary  Flooring.*  The  standard  sizes  for  flooring  (other  than 
hardwood,  parqueting  or  parquet-flooring)  are  z  by  3,  i  by  4  and  z  by  6;  oriK  by 
3»  iH  by  4  and  iH  by  6.  The  thickness  of  i-in  flooring  should  be  ^M*  in,  and 
of  z  H-in  flooring,  t^ia  in.  3-in  flooring  should  show  aH  ui  on  the  face,  after  it  is 
laid;  4-in,  3^  in;  and  6-in,  sH  in. 

Matched  Maple  Flooring  is  usually  made  in  a-in,  a  H-in  and  3  H-in  face,  and 
in  thicknesses  of  i^ei  iMe  and  zM«  in. 


,  matched  and  beaded  boards,  is  regularly  stuck  in  the  same  widths  as 
flooring.  The  standard  (nominal)  thicknesses  of  yelk>w-pine  ccilmg  are  H»  H, 
H  and  H  in,  the  actual  thickness  of  each  being  He  in  less.  The  H-in  ceiUng  is 
dressed  one  side  only,  the  other  thickziesses  both  sides. 

Yellow  Pine  Drop-Siding.  Dressed  and  znatched  yellow  pine  drop-sidizig  is 
y*  by  3H  and  ?<  by  5H  in.  showing  3H  and  5 H-in  face;  and  worked  shiplap  is 
f4  by  3H  and  H  by  5H  in,  showing  3  and  5-in  face. 

Bereied  Siding  is  resawed  on  a  bevel  from  stock  if(<  by  3H  and  ifie  by  5H  in, 
after  surfacing. 

New  Rnglawd  Clapboards  are  4  ft  long,  6  in  wide,  H  in  thick  at  the  butt,  and 
about  H  in  thick  at  the  other  edge.  They  are  put  up  in  bunches  and  sold  by  the 
thousand. 

Rules  for  Estimating  Quantities  of  Sheathing,  Flooring,  Btc.  For  com- 
noon  sheathing  laid  horizontally  on  a  wall  or  roof  without  openizigs,  add  one- 
tenth  to  the  actual  superficial  area  to  allow  for  waste.  On  the  walls  of  dwellings, 
figure  the  walls  as  though  without  openings  and  allow  nothing  for  waste.  If 
sheathizig  is  laid  diagonally,  add  one-sixth  to  the  actual  superficial  area. 

For  tight  sheathing  laid  horizontally,  add  one-fifth  for  6-in  Doards,  one-seventh 
for  8-in  boards,  and  one-ninth  for  lo-in  boards.  If  laid  diagonally  add  one- 
fourth  for  6-in  boards,  one-sixth  for  S-in  boards,  and  one-eighth  for  zo-in  boards. 

For  3-in  matched  flooring  add  one-half  to  the  actual  superficial  area  to  be 
covered. 

For  4-in  flooring  add  one-third  and  for  6-in  flooring  add  one-fifth.  Ceiling  is 
measured  the  same  as  flooring. 

For  drop-siding,  add  one- fifth  to  the  superficial  area. 

For  lap-siding,  laid  4  in  to  the  weather,  add  one-half  to  the  actual  superficial 
area;  if  4H  in  to  the  weather,  add  one-third. 

*  Everywhere  except  m  New  England  fLooazNO  b  always  underrtood  to  be  tongned  and 
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Bunding  Papers,  Fdts  and  Quilts 


Part  3 


Coot  of  Labor  for  Carpenters'  Work.*  There  are  bo  meoy  items  end  con- 
ditions which  enter  into  the  cost  of  carpenters'  work,  and  the  cost  varies  so  widely 
with  the  locality,  that  it  is  quite  imix)6sible  to  give  fi|^es  which  are  of  general 
practical  value,  although  several  books  t  have  been  published  on  estimating 
labor  and  materials  for  buildings. 

The  following  figures  of  the  cost,  for  labor  and  nails,  of  framing  and  putting 
on  sheathing  and  siding  and  laying  flooring  are  probably  a  fair  average,  with 
carpenters'  wages  at  I3  a  day  of  eight  hours  (37 Vi  cts  per  hour).  The  ooet  of 
framing  is  almost  always  figured  at  a  certain  price  pa  thousand  feet  of  lumber, 
board-mea&ure.  The  cost  of  laying  flooring,  sheathing,  etc.,  is  almost  always 
figured  by  the  square  of  100  sq  ft  (xo  by  xo  ft). 


Character  of  work 


Cnt 


Par  setting  op  studding  and  framing  walls  of  wooden 
dwellings 

For  burning  and  setting  floor-joista,  a  by  8  to  a  by  x  j . . . 

Framing  and  setting  heavy  ioists  and  girders,  6  by  la  to 
10  by  14 

Fremiag  gable  roofs  and  setting  in  place 

Framing  hip-roofs  and  setting,  in  place 

For  putting  in  bridging,  after  it  is  cut,  per  loo  lin  ft  in  the 
row 

For  corering  the  aides  or  roob  of  wooden  buildingi  with 
dressed  sheathing,  laid  horiaeontaUy 

The  same,  if  laid(^  diagonally 

The  cost  of  labor  and  nails  for  laying  6-in  flooring,  blind- 
nailed  to  every  joist,  without  dressing  after  laying,  is 
about 

For  4-in  flooring,  not  dressed,  allow 

For  3-in  flooring,  not  dressed,  allow 

For  3-tn  hard-pine  flooring,  hand-smoothed  or  traversed. 

For  3-in  red-oak  flooring,  hand-eraoothed  or  traversed. . 

For  3-in  white-oak  flooring,  hand-smoothed  or  travened 

For  >in  maple  flooring,  hand-smoothed  or  traversed. 


Sxe.ooper  1000 
I9.00  to  $10.00  per  lOQo 

S  Ssoperiooo 

xo.eo  per  sooo 

111  .00  to  lia  .00  per  xooo 

Si.as 

60  cU  per  square 
75  cts  per  square 


la.oo  per  square 
a.as  per  square 
a.so  per  square 
3.7SP»  square 
6.00  per  square 
g.oo  per  square 
Szo.oo  to  Su.oo  per  aq 


BUILDING  PAPEaS,  BUILDING  FELTS  AND  QUILTS 

Sheathlng-Papera,}  Felts,  Quilts,  Etc.  It  is  well  known  that  frame  build- 
ings when  merely  sheathed  and  clapbparded  or  shingled  on  the  outside  and  simp>Iy 
lathed  and  plastered  on  the  inside,  are  almost  sure  to  be  hot  in  summer  and  coM 
in  winter;  and  as  the  wood  almost  always  shrinks,  cracks  result  through  which 
the  wind  finds  its  way.  For  these  reasons  some  extra  provision  should  be  made 
for  keeping  out  the  wind  and  the  heat  and  cold;  and  it  is  generally  admitted  that 

*  The  wages  of  carpenters  vary  (1914)  in  the  United  States  from  30  to  s6H  cts  per  hour, 
or  from  $2.40  to  $4.50  per  day  of  8  hours.  For  rates  per  day  different  from  those  givea, 
the  figures  showing  the  costs  in  the  schedule  piust  be  changed  proportionately. 

t  The  best  and  the  most  reliable  of  these  that  the  author  and  editors  have  seen,  are  The 
New  Building  Estimator,  by  William  Arthur,  Handbook  of  Cost  Data,  by  H.  P.  Gillette 
and  the  Estimators'  Price  Book,  by  I.  P.  Hicks,  to  all  of  whkh  architects  and  builders  are 
referred  for  detafled  mformation  and  valuable  data  on  costs  of  labor  and  material. 

X  The  terms  building  PAPaa  and  SBeATBxifO-PARa  are  by  the  pubUe  iadiecrimfaiately 
applied  to  all  kinds  of  papers  used  in  OHinection  with  building-construction.  In  the  trade, 
however,  the  term  euitniNG  PApsa  is  confined  to  the  msin-siaed  and  cheaper  grades  of 
Oaper,  while  the  heavier  and  better  grades  are  classed  as  SBKAnmfO-PAPEaa. 
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there  Is  no  material  that  will  do  this  ao  well  and  at  so  email  an  expenae  aa  good 
sheathing-papers  or  sheathing-felta.  The  papers  made  for  thb  purpose  are  com- 
monly known  as  sheathino-papebb  or  buoding  papexb.  There  is  a  great 
variety  of  sheathing-papers  manufactured,  many  of  them  of  great  excellence, 
and  even  the  best  are  comparatively  inexpensive,  costing  only  about  lx.oo  per 
loo  sq  ft;  so  that  only  the  better  qualities  of  any  kind  of  felt  or  paper  should  bo 
specified.  Where  the  cost  of  the  sheathing-paper  on  an  ordinary  house  is  only 
a  few  dollars,  it  is  poor  economy  to  use  a  cheap  paper,  as  the  labor  of  applying  it 
b  an  important  item  and  the  poorer  the  paper  the  more  difficult  the  work  of  put* 
ting  it  on.  The  qualities  which  good  sheathing-paper  should  possess  are  per- 
manence, impenetrability  to  air  and  water  and  sufficient  strength  to  permit  of 
applying  without  tearing.  Protection  or  proof  against  vermin  and  insecta  is 
another  important  requirement.  It  should  not  be  brittle  nor  have  a  lasting 
strong  odor  and,  for  the  convenience  of  the  builder,  should  be  clean  for  handling. 
There  are  so  many  papers  possessing  all  or  most  of  these  qualities  that  it  is  deemed 
inexpedient  to  mention  particular  brands.  The  architect  should  decide  for  him- 
self, from  the  samples  with  which  he  has  probably  been  furnished,  what  papers 
are  best  adapted  to  the  particular  conditions;  and  he  should  then  spcdfy  those 
brands,  giving,  also,  the  manufacturers'  names,  Instead  of  leaving  the  choice  to 
the  bulkier,  who  will  be  quite  sure  to  be  guided  by  price  rather  than  by  quality. 
Many  object  to  tarred  or  saturated  sheathing-papers  and  felts  because  of  their 
tendency  to  become  brittle  and  because  they  emit  a  strong  odor  and  are  some- 
what disagreeable  to  handle.  On  the  other  hand,  the  advocates  of  tarred  felt9 
emphasize  their  cheapness,  warmth  and  even  their  odor,  which  makes  them 
vermin-proof.  The  odor  gradually  disappears  after  the  clapboards,  siding  or 
shingles  are  put  on  and  the  inside  walls  finished.  Sheathing-paper  is  usually 
applied  just  previous  to  putting  on  the  clapboards,  siding,  or  shingles.  It  I9 
generally  placed  horizontally  and  should  lap  about  2  in  over  each  sheet  and  over 
the  paper  previously  placed  around  the  window  and  door-frames.  I!  sheathing^ 
quilt  or  similar  material  is  to  be  placed  under  the  clapboards  or  siding,  laths 
should  be  nailed  vertically  over  it,  opposite  each  stud,  and  the.  siding  or  dap- 
boards  nailed  to  the  laths;  otherwise  it  will  be  difficult  to  put  them  on  evenly, 
owing  to  the  thickness  and  elastic  quality  of  the  quilt.  Shingles,  however,  may 
be  applied  directly  over  it.  Sheathing-quilt  possesses  marked  fire-resisting 
properties.  The  sheathing-paper  and  the  labor  of  putting  it  on  should  be  ia^ 
eluded  In  the  carpenter's  specifications. 

Roain-Sized  Building-Papers.  These  are  the  common  grades  of  building 
paper;  they  are  not  water-proof,  and  should  not  be  used  on  roofs  or  on  walls  in 
damp  climates.  In  dry  places  they  protect  from  dust,  draughts,  and  to  some 
extent  from  heat  and  cold.  They  are  generally  either  a  dull  red  or  gray  in  color, 
have  a  hard,  smooth  suriace,  and  are  clean  to  handle.  They  are  always  put  up 
in  rolb  36  in  wide  and  usually  contain  500  sq  ft.  The  weight  varies  from  x8  to 
40  lb  to  the  roll  of  500  sq  ft,  and  the  cost  from  50  eta  to  91.50  per  roU. 

Insulating  and  Deadening- Quilts.  Among  the  insulating  and  deadening- 
quilts  much  m  use  are  those  mentioned  below.  There  are  also  other  good  ma- 
terials in  this  line  which  are  manufactured  and  used  for  insulating  and  deadening 


Sheathing-  Quilt.*  This  consists  of  a  felted  matting  of  eel-grass  held  in  place 
between  two  layers  of  strong  Manila  paper  by  quilting.  "The  king,  flat  fibers 
of  eel-grass  cross  each  other  at  every  angle  and  form  within  each  layer  of  quilt 
innumerable  minute  dead-air  spaces,  that  make  a  soft,  elastic  cushion.    This 


*  Made  by  Samuel  Cabot  anc)>  Boston,  Mass. 
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gives  the  most  perfect  conditions  for  non-conduction."  Ed-grass  is  chosen  for 
the  filling  because  of  its  long,  flat  fibers,  which  especially  adapt  it  for  fdting; 
because  of  its  great  durability,*  and  its  resistance  to  fire;  and  because,  owing  to 
the  large  percentage  of  iodine  which  it  contains,  it  is  repellent  to  rats  and  vermin. 
This  quilt  is  made  in  single  and  double-ply  thickness,  and  is  put  up  in  bales  of 
500  sq  ft.  It  costs,  in  Boston,  $5.25  and  $45.25  per  bale,  respectively.  It  is  also 
now  made  with  a  covering  of  asbestos,  which  renders  it  thoroughly  fireproof. 
The  material  is  also  very  efficient  for  heat-insulation.  When  used  for  this  pur- 
pose  there  is  no  objection  to  nails  passing  through  it. 

Keystone  Hair  Insulator.  Another  material  used  for  similar  purposes  is  the 
Keystone  Hair  Insuljttor.f  This  consists  of  thoroughly  deansed  catties'  hair, 
between  two  layers  of  strong,  non-porous  building  paper,  secuidy  stitched  to- 
gether. The  hair  is  chemically  treated,  so  that  it  is  coated  with  lime,  which 
makes  the  finished  material  vermin-proof  and  odorless. 

Mineral-Wool  Deadeners,  which  are  fire-proof  sound-deadening  quilts  of 
rock-fiber  wool  stitched  between  two  sheets  of  building  paper  or  of  asbestos 
paper  according  to  the  grade  desired,  are  made  by  the  Union  Fibre  Company  of 
Winona,  Minn.,  and  other  firms.  This  company  makes,  also,  what  is  called 
Lath  and  Feltlino,  which  are  sound-deadening  materials  in  board  form.  They 
manufacture,  also,  Linofelt,  a  building-quilt  of  flax-fibers  (unbleached  linen 
threads),  stitched  between  water-proof  paper  or  asbestos  paper  according  to  need. 
It  is  H  in  thick.  Linofdt  for  sheathing  in  place  of  ordinary  building  paper  adds 
from  I  to  ih%  to  the  cost  of  a  house. 

Felt-Ptpers.  There  are  a  great  many  f dt-papers  for  lining  floors  and  a  few 
are  made  fire<proof  by  means  of  chemicals.  As  a  rule  these  fdts  are  cheaper  than 
Cabot's  QUILT,  although  the  saving  in  an  ordinary  residence  wouki  be  but  little, 
and  even  among  the  fdts  themsdves  there  is  quite  a  difference  in  cost.  In 
choosing  a  felt-paper  for  lining,  the  architect  should  select  one  that  is  soft  and 
dastic  enough  to  form  a  cushion,  and  the  thicker  the  fdt,  provided  it  has  the 
above  qualities,  the  greater  will  be  its  non-conduction.  Some  felts  are  made 
water-proof  by  an  asphalt  center,  which  is  an  advantage  in  case  of  fire  or  leaks, 
but  some  authorities  think  that  it  b  doubtful  if  such  felts  obstruct  the  passage  of 
sound  as  wdl  as  fdts  without  the  asphalt  center.  The  experience  of  some 
acoustical  experts  seems  to  show  that  one  of  the  best  methods  of  deadening  is  by 
a  combination  of  heavy  hair-felt  or  felt-paper  with  sheets  of  galvanized  iron. 
Two  layers  of  felt,  each  from  H  to  i  in  thick,  are  placed  on  dther  side  of  a  single 
layer  of  galvanized  iron,  the  latter  resting  freely  between  the  fdt  layers.  This 
form  of  construction  is  to  be  preferred  where  the  deadening-material  is  not  at- 
tached to  the  enclosing  woodwork.  An  additional  layer  of  iron  and  of  feh 
increases  the  effectiveness  of  the  combination. 

Saturated  Felts^  Common  roofing-fdts  are  made  by  saturating  common 
dry  felt  with  coal-tar  pitch.  Roofing-felts  are  conunonly  made  in  weights  of  la. 
15,  and  20  lb  to  the  100  sq  ft.  Nothing  lighter  than  12  lb  should  be  used  for 
roofing.  They  are  usually  sold  by  weight  and  the  average  price  is  i  ^  cts  per 
pound.    Asphalt-fdts  are  commonly  made  in  the  same  weights. 

Dry  Saturated  Tarred  Felts  are  spedally  run  through  a  tier  of  calenders 
to  give  a  hard,  uniform  surface  and  contain  a  minimum  amount  of  coal-tar. 

*  A  sample  <A  eel-grass  250  years  old  and  in  a  perfect  state  of  pnaervatMn,  may  be  seca 
at  Mr.  Cabot's  office. 

t  Made  by  H.  W.  Johns-ManviUe  Company,  New  York. 

t  The  Barrett  Manufacturing  Company  and  others  make  numerous  brands  of  that 
aheathing  and  roofing-papers. 
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They  are  espedaliy  adapted  for  slaters'  use,  as  they  will  carry  a  chalk  line  and 
are  easy  to  handle.  The  rolls  are  36  in  wide,  contain  500  sq  ft  and  weigh  about 
30  lb. 

Asbestos  Building  Felts  are  usually  made  about  6,  xo,  14  and  16  lb  to  the 
100  sq  ft,  although  dififerent  manufacturers  make  different  weights.  They  come 
in  rolls  36  in  wide  and  are  sold  by  weight. 

Soimd-Deadening  Felts.  These  deadening-felts  are  made  by  various  manu- 
facturers. In  one  of  these  felts  *  the  material  itself  is  rather  hard  and  thin,  but 
it  is  pressed  in  such  a  way  as  to  form  small  indentations  or  air-<ells.  This  makes 
it  elastic  and  breaks  up  the  sound-waves.  The  cost  of  this  material  in  Boston 
is  about  $3.50  per  500  sq  ft. 

Asbestos  Sheathing.  Sheathing-papers  or  building  felts,  made  of  asbestos, 
are  used  to  a  considerable  extent  for  floor-linings  and  for  covering  the  outside 
walls  of  wooden  buildings,  principally  on  account  of  their  fire-proof  aind  vermin- 
proof  qualities.  These  papers  are  well  known  in  the  trade  and  can  be  procured 
without  difficulty.  They  are  supplied  by  the  manufacturers  in  50  or  lOO-lb 
rolls,  36  in  wide,  on  a  basis  of  the  following  scale  of  weights: 

4  lb  to  the  xoo  sq  ft  18  lb  to  ^e  xoo  sq  ft 

6  lb  to  the  100  sq  ft  20  lb  to  the  100  sq  ft 

8  lb  to  the  100  sq  ft  34  lb  to  the  100  sq  ft 

10  lb  to  the  100  sq  ft  32  lb  to  the  100  sq  ft 

13  lb  to  the  100  sq  f t  H«  in  thick 

14  lb  to  the  xoo  sq  ft  Ha  in  thick 
x6  lb  to  the  100  sq  ft  H  in  thick 

The  sheathing  in  the  M«,  Ha  and  H-in  thicknesses  is  used  only  for  special  pur- 
poses where  an  unusually  thick  lining  is  desired  for  possible  fire-protection 
around  exposed  flues,  for  chimney-breasts,  etc.  When  the  weight  of  paper  ex- 
ceeds 32  lb  to  the  square  foot  it  is  known  as  roll-boakd  and  is  no  longer  classed 
by  weight  per  100  sq  ft,  but  by  thickness.  For  floor-linings,  x6-lb  paper  is  gen- 
erally employed,  this  weight  being  sufficiently  thick  and  strong  to  resist  ordi- 
nary damage  in  application  and  in  handling.  Asbestos  felts  and  building  papers 
appear  to  have  approximately  the  same  effect  in  retarding  the  passage  of  sound- 
waves as  other  felt-papers  of  a  relatively  similar  thickness  and  quality,  while 
their  fire-proof  and  vermin-proof  qualities  are  a  distinct  advantage.  The  cost  of 
asbestos  paper  and  building-felt,  while  somewhat  greater  than  that  of  the  ordi- 
nary papers  used  for  similar  purposes,  is  not  excessive.  The  market  price  varies 
from  3  to  3H  cts  per  lb,  depending  on  the  fluctuations  of  the  market.  For 
example,  the  cost  of  xoo  sq  ft  of  i6-lb  asbestos  paper  varies  from  33  to  40  cts, 
according  to  the  market. 

Water-Proof  Papers.  Neponset  f  Black  Sheathing  is  water-proof  and  air- 
proof,  odorless  and  clean  to  handle,  and  is  an  excellent  paper  under  siding, 
shingles,  slate,  or  tin.  The  rolls  are  36  in  wide,  containing  250  and  500  sq  ft; 
and  the  cost  is  about  $3.35  per  roll  of  500  sq  ft. 

Neponset  Red  Rope  Sheathing  and  Roofing.  This  is  made  of  rope-stock, 
has  great  strength  and  flexibility,  and  is  absolutely  water-proof  and  air-tight.  It 
is  one  of  the  best  sheathing-papers  and  makes  a  good  cheap  roofing  for  sheds, 
poultry-houses,  etc.  The  rolls  are  36  in  wide,  containing  100,  350  and  500  sq  ft 
and  the  cost  is  about  $5.00  per  $00  sq  ft. 

*  Neponset  Florian  Sound-Deadennig  Felt,  made  by  F.  W.  Bird  &  Son,  East  Waipde, 
Mass. 
t  All  prices  are  approximate  and  vary  with  locality  and  condition  of  the  maikct. 
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Panduneiit  Wat«r-Pr«of  SheatUair*  There  ere  various  p«dmRni^«hcath- 
kct  on  the  market  which  Are  semitmnsparent,  have  smooth  wartum,  and  ere 
odorless,  water-proof,  air-proof  and  vermin-proof.  They  are  adapted  for  Keneral 
sheathing  purposes.  In  general  x-ply  weighs  35  lb  to  900  sq  ft;  >-p|y»  25  lb  to 
500  sq  ft;  3-pIy,  35  lb  to  375  sq  ft.    They  are  36  in  wide. 

Cost  of  Building  and  Sheathing-Ptpara  ia  Place.*  The  foDowiag,  al- 
though necessarily  restricted  to  a  few  lines,  wiU  give  a  general  idea  of  the  cost  of 
different  kinds  and  grades  of  sheathing-papers,  the  prices  given  being  fair  aver- 
ages for  the  materials  affusd  to  an  outside  wall  or  roof: 

Price  per  100 
aquxelect 

Common  tarred  felts  (15  lb  per  square) 30  cts 

Red  rosin-sized  sheathing,  best  grades 25  cts 

Monahan's  parchment-sheathing,  single-ply 26  cts 

Monahan's  parchment-sheathing,  double-ply 40  cts 

Monahan's  ship-rigging  tar-sheathing,  a-ply 75  cts 

"Neponset"  black  (water-proof)  paper 45  cts 

"Neponset"  red-rope  roofing $i.ao 

Sheathing-papers  with  asphalt  center 40  to  50  cts 

Asbestos  building  or  sheathidg-felt,  10  lb  per  dqiiare 32^  cts 

Asbestos  building  or  sheathing-felt,  14  lb  per  flquare 3iVi  cts 

Cabot's  sheathing-quilt,  single-ply |i  jos 

Cabot's  sheathing-quilt,  double-ply $1.35 

Barrett's  specification-felt 35  cts 

Barrett's  defender,  felt-sheathbg 80  cts 

Sackett's  water-proof  sheathing 30  cts 

Empire  parchment-sheathing,  i-ply 35  cts 

Empire  parchment-sheathing,  3-ply 36  cts 

Empire  parchmcnt-sheathfng,  3-ply 50  cts 

Barrett's  red  rope $1.00 

Barrett's  black,  water-proof  sheathing 40  cts 

PAINT  AlO)  TABlflSHt 

PigmMitt  aad  VelddM.  ThesoHd  ingredient  of  a  paint  is  caOed  the  ndttivr. 
and  is  a  fine  powder,  nearly  all  of  which  wiD  pass  through  a  brasa-wire  sieve  of 
100  meshes  to  the  linear  inch;  in  fact,  most  pigments  are  much  finer  than  that 
and  those  formed  as  precipitates  by  chemical  processes  are  so  fine  that  there  'n 
no  way  to  measure  them.  The  Nquid  part  is  caHed  the  vecicLE.  Thb  is  usu- 
ally Bnseed-oil,  sometimes  with  the  addition  of  a  little  turpentine  or  other  vokitite 
solvent.  In  the  enamel  paints  it  is  varnish  and  in  kalsomine  and  othnr  cold- 
wata  paints  it  is  a  solution  of  glue;  caseia,  albumea,  or  some  fcittiilar  otaMoting 
material.    The  cementing  material  is  somedmcs  called  the  tiMDBm. 

Iflgrediaiita  of  Oil-Pidiit.  White  lead  and  white  sine  are  the  cohmmb  wUlf 
pigments.  There  are  white  pigments  of  variable  composition  called  leadid  sine 
and  sine  lead,  furnace-products,  composed  of  sine  oxide  and  lead  aaiphate. 
There  a  also  a  basic  lead  sulphate,  coramerdallf  called  snblhttui  white  lead, 
which  is  a  similar  fumace-prodact  consisting  chkfly  of  sulphate  af  leui. 
These  composite  white  pigments  are  largely  ased  in  mixed  pttats.  utflorom 
is  a  mixture  of  sulphide  of  zinc  and  sidphate  of  barium.    It  is  verj  whiter  fine 


*  AO  peiccs  ai«  apfaioadmate  and  vny  with  fccality  and  ceiiditkm  ol  the  1 

t  The  editor  is  indebted  to  Piofesaor  Alvah  H.  Sabtn  for  valuable  ■mittiacc  ia  Ik 
reviiiMi  Qi  the  daU  niatai«  t0  this  sehlect. 
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tad  opiiiiK  and  laisdgr  tiMd  as  the  basis  of  flat  wall-fittishes  for  inltrior  worit, 
bot  b  not  datable  for  eiterior  wofk.  It  is  discolored  (grey)  by  strong  light,  but 
this  fo  not  a  very  serious  practical  objection.  White  lead  is  used  everywhere, 
but  tends  to  yettow  somewhat  in  the  daric.  White  sine  is  chie^y  ated  on  interior 
work,  being  the  whitest  paint  known.  Both  are  often  mixed  and  both  are  used 
in  mbed  paints.  YeUow  paint  is  oommaniy  clm)mate  of  kad»  or  chrome  yelbw; 
green  is  chrome  green,  which  is  a  mixture  of  dirome  yeDow  and  Prussian  bhie; 
bhie  is  ultramarine,  or  sometimes  PnissiaQ  blue.  The  brilliant  reds  are  coal-tar 
cobrs  as  a  rule;  the  dull  reds  and  browns  are  oxides  of  ircm.  Ochres  are  dull 
yellow.  Carbon  forms  tiie  base  of  all  Uack  paints»  either  as  lampblack,  drop- 
black  <bonebiack),  or  graphite.  Linseed-oil  is  either  raw  or  boiled.  Raw  oil  is 
the  oil  id  its  aatural  state  as  it  is  extracted  ftom  the  seed;  it  should  be  settled 
and  filtered  perfectly  clear;  it  is  yellow  or  greenish  yettow  in  color.  Boiled  oil  is 
raw  oil  irinch  has  been  heated  to  400^  or  500**  F.  with  compounds  (usually  oxides) 
of  lead  and  manganese;  it  is  darker  in  color  than  raw  oil,  and  dries  cfuicker^ 
Raw  oil  exposed  in  a  tUn  film  to  the  air  is  converted  In  about  filre  dajrs  into  a 
tough  iMtheiysabstaaiCe;  boiled  oDtrnder^ocs  this  change  in  from  10  to  24  hours. 

Dri«rt.  These  are  coiftpounds  of  lead  and  manganese,  dissolved  in  oil,  and 
tMs  sohrtion  thinned  with  turpentine  or  benzine.  They  act  as  carriers  of  oxygen 
between  the  air  and  the  01!,  and  their  addition  to  a  point  makes  ft  dry  more 
rapidly.  Some  driers  are  also  called  japans.  Not  more  than  10%  by  volume  of 
any  of  these  fiqnid  driers  shoakl  be  added  to  oB.  Bxccss  of  drier  causes  the 
paint  to  lack  durabttty.  Cheap  driers  often  conlaift  roein.  It  is  well  to  spedfy 
that  driers  and  japans  shoukt  be  free  from  aosiN  (not  resin,  as  varnish-resins  are 
present  in  some  of  the  best  driers), 

PHodngCoat.  This  is  the  first  coat  appfied  to  the  clean  surface.  Apriaring 
coat  for  wood  is  chiefty  oil,  and  is  nualy  equivalent  toa  galloa  of  ordinary  paint 
thinned  with  a  gaUon  of  raw  hnseedroU.  I^unt,  however,  is  not  thinned  to  make 
a  priming  coat  for  structural  metai  In  all  wood-work,  nail-holes  and  other  de* 
lecu  aie  filled  with  putty  after  the  primii«  coat  has  been  applied;  but  if  the 
wood  k  resinodi^  knots  and  fesinous  places  must  be  cofeted  with  sheUac  vamiab 
before  the  priflBng  coat  is  pat  on.  Pitchy  woods^  such  as  southern  yeUow  pme 
and  cypicM,  do  not  readBy  absorb  oil,  and  turpentine  should  be  smbstxtuted  for 
part  el  the  ott.  Red  lead  b  soccessfidly  used  as  a  primer  {2  porta  to  id  white 
lead)  00  stt<A  woods;  tkds  is  the  standard  practice  hi  Engimd,  and  is  better  tbas 
the  use  olaUwWte  lead. 

Oiittid«  Mlltliig.  The  prfming  coat  having  birgdy  been  absorbed  by  the 
wood,  a  second  and  third  coat  of  paint  are  to  be  applied.  The  most  common 
paint  used  on  houses  is  white  lead.  This  is  commonly  sold  as  pdste  white  lead, 
containing  S%  of  oil;  100  lb  of  this  fs  equsi  to  3.8  gal  in  vohnne,  and  is  commonly 
mixed  with  3  H  gal  of  raw  Iinseed-oif,  1  qt  of  turpentine  and  r  pt  of  drier  to  make 
6H  gal  of  paint  for  the  second  coat;  or  iirith  4  gal  of  oil,  t  pt  of  turpentine  and  t 
pt  of  drier  for  the  finishing  coat.  If  white  zinc  Is  used,  9^  lb  of  dry  zinc  oxide 
auid  5.7  gal  of  oil  make  i  gaf  of  paint;  to  this,  turpentine  and  drier  should  also 
be  added.  White  lead,  after  about  a  year,  begins  to  chalk,  that  is,  its  surface 
Uuww  dry  and  chalky;  tUs  does  not  iacficate  failure,  however,  and  it  makes  a 
good  swfaco  for  repainting.  Finely  reticulated  chcckmg,  not  extending  through 
the  fifao,  occun  later,  and  when  sufllcientlty  marked  indicates  need  of  repainting. 
In  any  pamt,  wkta  cracks  begin  to  extend  tloougfa  to  the  wood,  repainting  is 
called  for;  tbcK  cracks  <Kcur  sooner  on  pitchy  woods.  White  zinc,  if  used  alone 
oi»oatside(iiotkiside>wotic,  is  very  bard  and  tends  to  peel  off.  Mixed  faints 
(pnpitcd  pfoprietary  pamtr)  generally  contain  zmc  mixed  with  either  white 
lead  or  some  of  the  pigments  based  on  basic  lead  sulphate,  and  some  amdliary 
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pigments,  such  as  barsrtes,  China  clay,  etc.,  ground  in  oil  and  turpentine  and 
containing  the  necessary  drier.  The  best  of  these  are  excellent,  but  some  are 
very  poor;  the  safest  way  to  use  them  is  to  specify  them  by  name,  and  use  them 
according  to  the  maker's  directions.  Colored  paikts  are  commonly  made  by 
adding  colored  pigments  to  lead  or  zinc;  but  some  dark  paints  contain  only  iron 
oxides,  ochers,  etc.,  as  pigments;  these  weigh  from  i a  to  14  lb  per  gal.  Painting 
shouki  always  be  done  in  dry  weather  and  no  painting  shouki  be  done  until  the 
inside  plastering  is  dry.  Paint  should  not  be  applied  to  lumber  that  is  not  dry. 
A  week  or  more  should  be  allowed  between  successive  coats.  In  painting  the  out- 
side of  a  house,  the  trim  should  be  painted  first;  then  the  body-color  can  be 
laid  neatly  against  it.  The  final  brushing  should  be  in  the  direction  of  the  grain 
of  the  wood.  It  is  good  practice  to  have  the  successive  coats  (except  for  white 
paint)  vary  a  little  in  color,  to  facilitate  inspection.  White,  light  blue  and  light 
green  are  less  durable  colors  than  yellow,  gray,  or  dark  colors  in  general,  owing 
to  the  fact  that  the  chemical  rays  of  light  penetrate  the  former  more  easily.  .\ 
gallon  of  paint  will  cover  from  400  to  600  sq  ft  of  surface,  depending  upon  the 
character  of  the  surface.  Roof-paints  should  contain  a  larger  proportion  of  oil, 
and  a  smaller  amount  of  drier  or  none  at  all.  Three  coats  are  desirable.  Tin 
roofs  and  galvanized-iron  work  should  be  thoroughly  scrubbed  and  then  dried 
before  painting.  The  shingles  on  the  walls  and  roofs  of  a  house  arc  sometimes 
stained  with  creosote  stain,  which  consists  of  a  pigment  suspended  in  creosote 
or  some  similar  liquid.    The  creosote  has  some  preservative  effect. 

Inside  Painting.  Door-frames  and  window-frames  shouki  recdve  a  priming 
coat  of  paint  in  the  shop;  if  they  are  to  be  finbhed  in  varnish  thi^paint  will  be 
applied  to  the  back  only.  As  has  already  been  said,  before  any  painting  is  done 
any  resinous  knots  should  be  varnished  with  shellac.  All  interior  surfaces  which 
are  to  be  painted  should  be  puttied  after  the  priming  coat  and  the  putty  should 
be  applied  with  a  wooden  spatula,  not  a  steel  one,  to  avoid  marring  the  surface. 
The  paint  for  the  second  coat  should  contain  as  much  turpentine  as  oil,  that  is, 
its  vehicle  should  be  half  oil  and  half  turpentine.  The  effect  of  this  b  to  make* 
the  paint  dry  with  a  dull  instead  of  a  glossy  sinface,  plat  surface  being  the 
painter's  term.  To  this  the  next  coat  will  adhere  weU.  If  the  next  is  the  final 
coat,  it. may  be  an  ordinary  oil-paint.  When  thoroughly  dry  the  gloss  may  be 
removed  by  lightly  rubbing  it  with  pumice  and  water.  Enaicel  paint  consists 
of  pigment  with  varnish  as  a  vehicle.  It  b  harder  and  makes  a  finer  finbh  than 
oil-paint.  It  is  also  more  expensive.  It  b  usual  to  apply  it  over  oil-paint,  in 
which  case  the  last  coat  of  oU-paint  should  be  lightly  sandpapered  when  quite 
hard  and  dry.  A  coat  of  enamel  paint  b  then  put  on,  and  when  it  b  dry  it  should 
be  sandpapered  or  rubbed  with  curled  hair.  The  final  coat  of  enamel  b  then  laid 
on  and  it  may  be  rubbed  in  a  like  manner  if  a  flat  surface  b  desired,  or  it  may  be 
left  with  the  gloss.  It  b  also  common  practice  for  painters  to  make  a  final 
enamel  finbh  by  adding  vambh  to  white  lead  or  white  zinc,  very  little  oil  being 
used  in  this  case.  The  best  vambh  for  thb  purpose  b  a  ^)ar-vamish  from 
a  thoroughly  reliable  maker.     The  quicker-drying  varnishes  will  crack  and 

ALUGATOR. 

Vamish.  There  are  two  principal  kinds  of  varnish,  (i)  spirit  vambhes,  of 
which  shellac  vamish  b  the  most  important,  and  which  consists  essentially  of  a 
resin  dissolved  in  a  volatile  solvent,  and  (2)  oleoresinous  vazniahes,  in  which  the 
resinous  ingredient  is  combined  with  linseed-oil,  and  thb  compound  b  dissolved 
in  turpentine  or  benzine.  The  oleoresinous  varnishes  are  commercially  the 
more  important,  and  are  largely  used  in  interior  finbhing.  A  gallon  of  vamish 
covers  500  sq  ft,  one  coat.    Surfaces  to  be  vambhed  are  treated  in  the  foUowing 

<umer.    If  the  wood  b  open-grained,  as  oak,  chestnut,  or  ash,  it  first  receives  a 
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coat  of  poBte-filkr.  Liquid  fillers  are  not  desirable,  as  they  form  a  poor  base  for 
subsequent  work.  A  paste-filler  is  really  a  sort  of  paint,  the  pigment  being  silex, 
or  ground  quartz,  and  the  vehicle  is  a  quick-drying  varnish  made  thin  with  tur- 
pentine or  benzine.  This  is  rubbed  strongly  in  on  the  grain  of  the  wood  with  a 
short  stiff  brush,  and  as  soon  as  it  has  set,  usually  within  half  an  hour,  it  is  rubbed 
off  with  a  harsh  doth  or  a  handful  of  excelsior,  the  rubbing  being  hard  across  the 
grain  of  the  wood.  If  it  is  desired  to  stain  the  wood,  the  oil-stain  may  be  mixed 
with  the  filler;  but  if  a  dose-grained  wood  is  used,  which  needs  no  filler,  the  oil- 
stain  may  be  thinned  to  the  desired  color  with  turpentine  or  benzine  and  applied 
as  a  wash.  In  deaning  the  filler  out  of  moldings,  comers,  etc.,  a  suitably  shaped 
stick,  but  not  a  sted  implement,  may  be  used.  If  any  puttying  is  necessaiy  it  is 
done  next.  After  twoMays  the  first  coat  of  varnish  is  applied;  after  five  dajrs  it 
should  be  rubbed  with  curled  hair  or  fine  sandpaper  to  remove  the  gloss,  so  that 
the  next  coat  will  adhere  wdl;  then  one,  two  or  three  more  coats  of  varnish  are 
added,  five  days  or  more  apart,  each  coat  being  rubbed.  The  last  coat  may 
be  rubbed  or  left  with  the  natural  gloss.  Outside  doors,  window-sills,  jambs, 
inside  blinds,  and  all  surfaces  exposed  to  the  direct  rays  of  the  sun,  should  be 
varnished  with  spar-varnish  and  left  glossy.  If  shellac  varnish  is  used  as  the  in- 
terior finish  it  IS  applied  in  the  same  way,  but  at  least  six  coats  should  be  applied. 
Floors  which  are  to  be  varnished  should  be  treated  as  has  been  described;  but 
if  they  are  to  be  waxed  th^  should  receive  one  or  two  coats  of  shellac  varnish, 
then  five  or  six  coats  of  wax,  at  intervals  of  a  week,  each  coat  being  well  polished 
with  a  weighted  floor-brush  made  for  the  purpose.  Floor-wax  is  not  beeswax, 
but  is  a  compound  wax  made  for  the  purpose.  Shdlac  is  a  good  floor- varnish; 
it  discolors  the  wpod  less  than  any  other  varnish,  and  dries  rapidly. 

Painting  Plmstered  Walls.  Plastered  walls  which  must  be  painted  are  usu- 
ally washed  with  a  solution  of  soap  and  then  with  a  solution  of  alum.  When 
this  is  dry  it  is  sponged  off,  then  allowed  to  dry,  then  oiled,  then  painted.  If  the 
paint  is  applied  to  the  fresh  plaster  the  lime  in  the  plaster  will  attack  the  paint. 

Repainting.  The  exterior  woodwork  of  a  house  needs  repainting  once  in  five 
to  ten  years,  according  to  climate  and  other  conditions,  although  if  not  done  with 
proper  material  or  suffident  care  it  will  not  last  as  long  as  this;  the  interior 
should,  with  good  care,  stand  from  fifteen  to  twenty  years,  and  then  may  not 
require  complete  renewal.  Exterior  paint  sometimes  loses  its  luster,  while  the 
body  of  the  paint  is  still  good,  and  in  cases  of  this  kind  it  is  suffident  to  wash  the 
surface  and  then  give  it  a  coat  of  oil.  This  replaces  the  oil  which  has  superfidally 
perished,  imparts  a  gk>ss  and  brings  out  the  color.  If  the  paint  is  worn  off  so 
as  to  show  the  wood  in  places,  or  is  peeling,  it  must  be  very  carefully  examined. 
In  extreme  cases  it  is  necessary  to  burn  ofy  the  old  paint;  this  is  done  with  a 
painter's  torch,  a  lamp  which  bums  alcohol,  naphtha,  or  kerosene,  and  which 
furnishes  a  flaring  blast  of  flame,  which  is  directed  against  the  painted  surface 
just  long  enough  to  soften  the  paint  which  b  at  once  removed  with  a  scraper 
while  still  hot.  The  paint  is  not  actually  burned,  but  only  softened  by  the  flame; 
it  may,  however,  be  removed  as  well  as  softened  by  this  method.  Houses  cov- 
ered with  pitchy  wood,  like  southern  pine,  sometimes  require  this  treatment, 
and  the  next  painting  is  foimd  to  be  more  lasting.  In  many  cases  it  is  suffident 
to  thoroughly  sarub  the  surface  with  a  stiff  steel-wire  bmsh.  Interior  surfaces 
may  be  cleaned  Qf  the  removal  of  the  old  paint  and  varnish  is  necessary)  with 
varnish-remover;  this  is  a  mixture  of  solvent  liquids,  which  penetrate  the  old 
paint  or  varnish  and  soften  it,  when  it  may  be  removed  with  scrapers  or  brushes. 
There  is  less  danger  of  fire  with  this  method  than  with  the  buming-off  method, 
but  it  is  slower  and  costs  more.  It  must  not  be  forgotten  that  varnish-remover 
is  volatile  and  highly  inflammable  and  must  not  be  used  in  a  room  where  there  is 
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a  fire.  It  is  especially  suitable  for  cleaning  out  inoldtngi  and  aU  iiregular  sur- 
faces from  which  the  vamlih  may  then  be  removed  with  stiff  bnuhas»  if  it  is  not 
convenient  to  use  scrapers.  It  is  especially  desirable  to  have  floors  occaflbnally 
cleaned  In  this  way;  but  if  a  house  has  been  varnished  originally  with  a  hni- 
class  varnish  it  may  be  necessary  only  to  wash  it  thorougl^y  and  then  apfiy  an- 
other coat  of  varnish.  Smoke  and  dirt  may  often  be  thoroughly  removed  from 
ceilings  with  the  crumbs  of  fresh  bread,  where  washing  would  not  be  desirable. 
A  io%  solution  of  carbonate  of  soda  (sal  soda). in  hot  water  may  be  uted  to 
remove  old  floor-wax. 

The  Painting  of  Structural  Steel.  Steel  being  usually  more  perishable 
than  wood,  as  well  as  more  escpenslve,  and  used  for  service  where  its  strength  » 
essential  to  the  stability  of  the  structure,  its  protection  from  corrosion  by  paint- 
ing is  of  much  importance.  It  must  first  of  all  be  recognized  that  the  precautbn 
alwa3r8  taken  |n  psdnting  wood,  to  secure  a  clean  surface  for  the  paint,  must  not 
be  omitted  with  steel.  Mud  and  diet  must  first  be  removed  from  the  sted;  then 
it  must  be  examined  for  rust,  and  any  rust-spots  must  be  thoroughly  dcaned. 
Loose  scale  may  be  removed  with  wire  brushes,  but  thick  and  closely  adherent 
rust  must  be  renw>ved  with  steel  scrapers,  or  with  hammer  and  chisel  if  necsessaiy. 
No  doubt  the  best  way  to  clean  steel  is  to  use  the  sand-blast,  but  it  Is  not  avallsfale 
for  much  architectural  work.  In  any  case  much  care  must  be  taken  to  obtain  a 
clean  surface.  On  wood  the  priming  coat  sinks  into  the  wood  and  forms  a  perfect 
bond  between  It  and  the  succeeding  coats;  but  on  metal  no  such  thing  fe  pos- 
sible and  it  is  a  case  of  simple  adhesion,  which  demands  a  clean  surface  for  effi- 
cient results.  The  paint  for  structural  metal  should  be  tough  and  elastic,  and 
to  as  great  a  degree  as  possible  it  should  be  water-proof.  Less  than  two  coats 
should  never  be  applied,  and  three  are  better.  Paint  is  always  thin  on  edges  and 
angles,  and  also  on  bolt  and  rivet-heads;  it  is  therefore  good  practia^  aft«-  the 
first  full  coat,  to  apply  a  partial  or  striping  coat,  coveting  the  angles  and  edges 
and  the  surface  for  at  least  x  in  back  from  the  edges,  and  covering  lUl  bolt- 
heads  and  rivet-heads.  After  this  striping  coat  has  become  dry,  tha  second  full 
coat  is  applied,  and  it  may  then  be  assumed  that  the  whole  surface  has  received 
two  full  coats.  At  least  a  week  should  elapse  between  coats.  In  designing  the 
steelwork,  all  cavities  which  may  be  filled  with  rain  during  erection  should  be 
properly  drained;  and  during  erection  all  small  cavities  ^uld  be  filled  with 
cement,  and  all  contact*»urfaces  thickly  painted. 

Kinds  of  Paint  for  Structural  Steal.  Rbd  lbad  is  more  goncnny  usod  thas 
anything  else  as  a  paint  for  structural  steel.  It  is  an  oaide  of  lead  (PM>«), 
usually  made  from  litharge  (PbO),  and  frequently  containing  from  lo  to  20%  of 
the  latter.  If  it  contains  much  litharge,  it  rapidly  thickens  when  mtaed  wttb 
oil  and  finally  hardens;  this  makes  it  a  paint  difficult  to  apply.  If,  however,  the 
material  from  which  it  is  made  is  reduced  to  a  sufficiently  &at  powder  before  it  is 
oxidized,  an  almost  completely  oxidised  red  lead  is  produced,  which  b  aa  esuly 
worked  as  whiie  lead,  and  better  in  every  respect.  The  requirements  of  tlw 
government  of  the  United  States  have  for  years  called  for  red  lead  of  not  lew 
than  94%  of  oxide  of  lead  (PbtOO,  and  the  Navy  Department,  aa  well  aa  seversl 
large  railway  companies,  is  now  using  large  amounts  of  red  lead  which  has  not  less 
than  98%  of  oxide  of  lead.  It  may  now  be  obtained  in  paste-form,  similar  to 
white  lead  and  containing  about  6H%  of  raw  linseed-oil.  33  lb  of  red  lead  (diy 
pigment)  to  i  gal  of  oU  is  the  nuudmum  and  this  is  especially  suitable  for  hy- 
draulic work;  98  lb  to  x  gal  of  oil  (containing  so  lb  of  pigment  in  a  gallon  of  psht) 
is  more  common;  while  is  lb  to  a  gallon  of  oil  is  a  oommoo  requirement  for  rail- 
road-specifications. Finely  ground  graphite  in  linseed-oil  is  a  favorite  paint 
for  metal;  it  flows  well,  is  easily  applied,  less  expensive  than  red  load,  and  if  weU 
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made  gives  excellent  results.  Graphite  is  sometimes  mixed  with  lampblack,  proU 
a^ly  with  advantage.  Boneblack  is  also  an  important  ingredient  of  carbon 
PAINTS.  Formerly  oxide  of  iron  in  linseed-oil  was  used  more  than  aU  other  paints 
for  this  purpose;  but  while  many  engineers  stiU  like  it,  its  use  has  very  greatly  di- 
minished. AsPHALTUM  has  been  used  and  is  stiU  used,  as  a  varnish  either  alone 
or  in  combination,  and  some  of  these  asphaltic  preparations  are  fairly  satis- 
factory. The  fact  is,  that  a  really  competent  paint-manufacturer  can  make  a 
reasonably  good  paint  out  of  any  of  these,  and  if  the  paint  is  carefully  applied 
the  results  will  be  satisfactory.  There  are  great  differences  in  painters.  In  re- 
cpud  to  the  surface  of  structural  steel  cov^ed  by  a  gallon  of  paint,  there  is  a 
great  difference  of  opinion  among  experts.  Some  say  from  300  to  400  sq  ft. 
others  xooo  or  1200  sq  ft.  The  truth  is  that  any  paint  may  be  brushed  out 
into  an  exceedingly  thin  film  by  a  skilled  workman,  while  ordinary  usage  results 
in  a  film  at  least  twice  as  thick.  The  general  opinion  is  that  it  is  not  wise  to  esti^ 
mate  more  than  400  sq  ft  to  the  gallon  for  one  coat.  Varnish-paints  coyer  less 
than  oil-paints,  but  if  well  made  they  are  very  durable. 

Paintiflg  on  Cement  and  Concrete.  Cement  and  concrete-work  are  diffi- 
cult to  paint,  because  they  are  strongly  alkaline  and  even  caustic  when  new. 
Work  in  these  materials  sboukl  be  aUowed  to  stand  a  year  or  two  if  possible  be- 
fore it  is  painted;  then  it  may  be  painted  with  any  ordinary  paint.  A  practice 
which  has  been  highly  recommended  is  to  wash  the  surface,  repeatedly  if  possible, 
with  a  strong  solution  of  zinc  sulphate,  the  sulphuric  add  uniting  with  the  free 
lime  and  the  zinc  being  left  in  the  pores  as  an  oidde  or  hydrate.  Some  preparer 
tions  Ux  this  purpose  are  on  the  market;  and  while  some  are  probably  good» 
others  are  to  be  distrusted.  The  best  way  is  to  allow  the  surface  to  Kgt^  if  tUt 
b  at  all  possible. 

WINBOW-GLASS  AND  GLAZING* 

Glaring.  The  glazing  of  windows  originally  belonged  to  the  painter's  trade, 
and  when  glass  is  broken,  it  is  still  customary  to  go  to  a  painter  to  have  it  re< 
placed;  but  custom  has  so  changed  in  some  parts  of  the  country,  that  when  new 
windows  are  to  be  glazed,  the  work  is  sometimes  done  at  the  mill  or  factory 
where  the  sashes  are  made,  sometimes  by  the  local  glass-jobber  in  the  town  where 
the  building  is  being  erected,  and  again,  in  other  kxralities,  the  glaidng  of  new 
buildings  is  still  done  by  the  painter.  Common  window-glass  is  usually  set 
with  putty  and  secured  with  triangular  i^eces  of  zinc  called  glaziers*  points, 
driven  into  the  wood  over  the  glass  and  covered  with  putty.  In  the  best  work,  a 
thin  layer  of  putty  is  first  put  in  the  rebate  of  the  sash  and  the  glass  is  then  placed 
on  it  and  pushed  down  to  a  solid  bearing.  This  is  called  back-puttying.  The 
points  are  then  driven  about  8  on  o  in  apart  and  the  putty  applied  over  the  glass 
and  points  so  as  to  fill  the  rebate.  Out^de  windows  should  always  be  glazed  on 
the  outside  of  the  sash.  Common  window-glass  has  a  slight  bend  in  it,  the  re- 
sult of  its  original  cylindrical  shape;  it  should  be  glazed,  therefore,  with  the 
convex  side  out,  as  this  reduces  to  a  minimum  the  effects  of  the  waviness  when 
looking  throxigh  it  dther  from  the  outside  or  inside.  Plate  glass,  in  window- 
sashes  and  door-lights,  should  be  back-puttied  and  secured  by  wooden  beads. 

Leaded  Glass.  It  was  formerly  a  common  practice  for  architects  to  name 
in  the  specifications  a  certain  sum  of  money  to  be  allowed  by  the  carpenter  for 
the  leaded  glass  and  to  be  expended  under  the  direction  of  the  architect.    Where 

*  Condensed  from  article  on  Window-Glass  and  Glaafaig  by  Professor  Thomas  Nolan 
in  Building  Cooatiuction  and  Superintendence,  Part  U,  Cupenten'  Wock.  hy  F.  E. 
Uddero 
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clear  glass  was  used,  the  pattern  was  sometimes  shown  on  the  drawings  and  the 
glass  was  specified  in  the  same  manner  as  any  other  work.  When  colored  glass 
was  to  be  used,  it  was  customary  to  make  a  definite  allowance  and  then  to  en- 
trust the  work  to  a  good  art-glass  manufacturer.  But  leaded  glass  should  be 
designed,  furnished  and  put  in  place  by  those  who  are  entirely  familiar  with  its 
manufacture  and  its  limitations;  the  purchase  of  the  same  should  be  left  entirely 
in  the  hands  of  the  owner;  and  no  specification  as  to  its  price  or  make  should  be 
used  by  the  architect.  The  colored-glass  windows  should  show  as  much  indi- 
vidual artistic  taste  as  any  other  picture  or  decoration  used  in  the  building.  The 
cheap  and  inartistic  leaded  glass  is  fast  becoming  a  thing  of  the  past  and  owners 
are  confining  themselves  to  purdy  works  of  art  placed  in  some  ai^nopriate 
location  in  the  building. 

Sheet  Glass.  General  Description.  Common  window-glass  b  technically 
known  as  sheet  glass  or  cylinder  glass.  "It  is  made  by  the  workmen  dip- 
ping a  tube  with  an  enlarged  end  in  the  molten  glass  or  metal  until  from  7  to  lo 
lb  are  gathered  up.  Then  it  is  blown  out  slightly  by  the  workman,  taken  on  a 
blowing-tube  and  still  further  blown  and  manipulated,  until  a  cylinder  about 
15  in  in  diameter  and  60  in  long  is  formed.  This  cylinder  has  the.  two  ends 
trimmed  off  and  is  then  cut  longitudinally  and  gradually  warmed.  It  b  then 
placed  on  a  large  flat  stone  supported  by  a  carriage,  where  it  b  heated  until  it 
softens  sufficiently  to  open  out  flat;  the  carriage  is  then  pushed  into  the  anneal- 
ing-chamber and  the  sheet  taken  off."  About  the  year  1910,  sheet  glass  blown 
by  machinery,  utilizing  compressed  air,  was  perfected,  and  the  result  has  been  a 
gradual  decrease  in  its  cost.  The  cylinder  blown  by  compressed  air  b  spKt  open 
and  flattened  out  in  just  the  same  manner  and  by  the  same  process  as  in  the 
mouth-blown  cylinder. 

Grades  and  Qualities  of  Sheet  Glass.  Sheet  glass  b  graded  as  double-thice, 
or  SINGLE-THICK,  and  each  thickness  is  further  divided  into  three  qualities,  first, 
SECOND,  or  THIRD,  accordiHg  to  its  relative  freedom  from  defects.  The  price  varies 
according  to  the  strength  and  quality.  It  should  be  remembered  that  sheet  glass 
is  always  wavy,  the  result  of  the  flattening  of  the  cylinder.  Many  suppose  that 
by  designating  sheet  glass,  crystal-sheet  glass,  selected-sheet  glass,  or 
SHEET  GLASS  FREE  FROM  WAVES  AND  IMPERFECTIONS,  a  shcet  glass  free  from  waves 
and  blemishes  can  be  obtained.  The  terms  and  names  do  not  change  the  nature 
of  thb  glass^  which  still  remains  sheet  glass,  characterized  by  the  defects  inherent 
in  the  method  by  which  it  b  manufactured.  To  obtain  a  thin  glass,  free  from 
waviness,  plate  glass,  H  in  thick,  sometimes  known  as  crystal  plate,  or  pbte 
glass  M«  in  thick,  must  be  specified.  Since  the  improvement  in  the  manufac- 
ture of  window-glass  in  thb  country,  scarcely  any  sheet  glass  is  now  imported  for 
glazing  purposes.  A  small  amount  of  Bdgian  sheet  glass  b  brought  to  this 
country  and  used  along  the  Atlantic  seaboard  for  picture-framing.  The  low 
prices  of  the  American  sheet  glass,  and  its  excellent  quality,  have  practically 
forced  imported  sheet  glass  out  of  the  market.  All  common  sheet  glass,  without 
regard  to  quality,  is  graded  according  to  thickness,  as  single-thick  or  double- 
thick.  The  thickness  of  the  double-thick  glass  b  a  scant  H  in  while  that  of  the 
single-thick  averages  about  M2  in.  It  b  customary  to  use  the  double  thickness 
for  sheet  glass  over  24  in  in  width.  The  best  quality  of  sheet  glass  b  specified  as 
AA,  the  second  as  A  and  the  third  as  B. 

Sbes  of  Sheet  Glass.  The  regular  stock-sizes  vary  by  inches  from  6  to  16  io 
in  width.  Above  that  they  vary  by  even  inches  up  to  60  in  in  width  and  70  in  in 
length  for  double  thickness,  and  up  to  30  by  50  in  for  single  thickness. 

Cost  of  She«t  Glass.  The  prices  for  sheet  glass,  as  for  all  other  dear  glass, 
vazy  with  the  size,  strength  and  quality.    Prices  are  determined  by  a  schedule 


yGoogk 


Sheet  Glass 


1489 


or  price-lbt,*  giving  the  price  for  each  size,  in  both  thicknesses,  and  all  qualities; 
SLud  from  these  prices  a  very  large  discount  b  allowed.    Fluctuations  in  prices 
SLre  regulated  by  the  discount,  the  list  usually  remaining  unchanged  for  a  number 
of  years.    The  present  price-list  (1913)  has  been  in  use  since  October  i,  1903. 
'X^he  only  way  to  ascertain  the  price  of  a  light  of  glass  of  a  given  size  is  to  find  it 
£rom  the  price-list,  from  which  the  discount,  quoted  by  the  glass-dealer,  must  be 
deducted.    For  the  benefit  of  the  Pacific  Coast  trade  there  is  a  Western  Glass 
X^ist  t  which  differs  somewhat  from  the  Eastern  list.    The  list  is  for  sheet  glass, 
the  pla^e  glass  lists  being  the  same  in  the  East  and  West.    The  price  per  square 
foot  increases  rapidly  as  the  size  of  the  pane  increases,  so  that  it  is  much  cheaper 
to  divide  a  large  window  into  eight  or  twelve  lights  than  into  two  lights.    Com- 
pared with  the  cost  of  the  building,  however,  the  glass  is  a  small  item  and  in  the 
better  classes  of  buildings  each  sash  is  usually  glazed  with  a  single  light  of  glass. 
In  factories,  workshops,  etc.,  where  there  is  usually  a  large  amount  of  glass- 
surface,  the  size  of  the  lights  is  not  of  so  much  importance,  while  the  saving  by 
using  small  lights  is  quite  an  item;   hence  twelve^light  and  even  sixteen-light 
windows  are  generally  used  in  such  buildings.    The  following  table  shows  qtute 
clearly  the  relative  cost  (19 13)  per  square  foot  of  different-sized  panes  of  Ameri- 
can glass,  the  prices  given  being  about  an  average  for  the  whole  country. 

CempantiTe  Coet  (19x3)  of  American  Sheet  Glass  per  Sqiiare  Foot,  Based 

Upon  a  Diaceont  of  90  and  ao  Per  Cent  on  the  List  of 

October  X,  1903  X 


Grades 

Sizes  of  lights  in  inches 

10X12 

XSX20 

24X34 

30X36 

36X40 

40X60 

60X70 

Prices  in  cents  per  square  foot 

Double  strength: 

First  quality 

Second  quality.... 
Single  strength: 

FinBt  quality 

Second  quality.... 

7.0 
6.0 

S.o 
4.3 

8.3 
7.3 

4.8 
4.5 

9.4 
8.3 

6.4 

S.6 

10.0 
9.0 

6.8 
6.0 

10.8 
10.0 

X4.0 
14.4 

293 

27.0 

Crystal-Sheet  Glass,  a6-0unce.  This  glass  is  made  by  the  cylinder-process, 
but  is  a  little  thicker  than  the  ordinary  double-strength  glass.  It  is  probably 
the  best  glass  made,  next  to  plate  glass,  but  owing  to  the  method  of  its  manu- 
facture is  necessarily  characterized  by  a  wavy  appearance.  If  good  glass  is 
required  for  first-class  residences,  hotels,  oflice-buildings,  etc.,  polished  plate 
glass  should  be  used.  The  latter  invariably  gives  satisfaction,  while  sheet  glass, 
no  matter  of  what  thickness,  is  usually  disappointing  in  its  appearance. 

Defeets  of  Sheet  Glass.  All  sheet  glass,  when  looked  upon  from  the  outside, 
has  a  wavy,  watery  appearance,  like  the  surface  of  a  lake  slightly  agitated  by 

*  The  price-Usts  of  glass  have  been  omitted  aa  they  can  readily  be  obtained  from  the 
glass-dealers  in  any  city.  Such  lists  are  not  of  much  service  unless  they  are  complete; 
and  the  full  lists  are  too  long  to  be  inserted  in  a  condensed  handbook. 

t  This  list,  with  discounts  from  the  prices  given,  may  be  obtained  from  the  W.  P.  Fuller 
Company,  San  Francisco,  Cal. 

t  Much  valuable  inf ormatkm  in  regard  to  Wmdow-Glass  and  Glazing  was  fumiahed  by 
Mr.  S.  C.  Qifanore  of  the  Hkea-Tumer  Glass  Company,  Phikddphia,  Pa,  . 
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tlie  iviiicl;  ud  whea  the  scuuhitie  falls  upcm  it  the  irreiriihirHjr  of  the  luifAcv  » 
greatly  emphariiwd.  This  chafactcriatic  of  sheet  glaaa  is  dae  to  its  betoc  mMk 
in  the  shiqpc  of  a  cylinder  and  then  stretched  or  flattened  out  into  a  thttt,  and  it 
cannot  be  wholly  avoided.  Besides  this  tmiversal  defect,  the  cheaper  grades  are 
often  snuiiGy,  BunxKY,  svisvtnXD,  ^wxed,  or  stained;  so  that,  in  kmking 
thraogh  the  glaes»  ot^'ects  seen  at  a  distance  are  deformed  and  dSstotted. 

Plate  Glass.    General  Description.    Plate  c^ass  is  commonly  known   as 
POUSHED  PLATE  GLASS  because  its  surface  is  finely  polished  and  thus  made  cfear 
and  transparent.    It  is  more  largely  used  every  year  for  windows  of  fifte  resi- 
dences, hotels  and  office-buiIdings«  where  transparency  is  desired  from  the  inside 
and  an  elegant  appearance  required  on  the  outside.    The  process  of  manufacture 
of  plate  glass  is  entirely  different  from  that  of  sheet  glass.    In  making  plate  glaa^ 
the  metal,  which  is  prepared  with  great  care,  is  melted  in  large  pots  and  then  ca£t 
on  a  perfectly  flat  cast-iron  table.    "The  width  and  thickness  of  the  pUte  is 
determined  by  means  of  metal  strips  called  guns»  which  are  fastened  on,  and  on 
which  a  heavy,  metal  roller  traveb.    The  ends  of  the  giuis  are  tapered  so  that 
when  the  roller  is  at  one  extremity,  it  and  the  guns  form  three  sides  of  a  shallow, 
rectangular  dish.    The  molten  metal  is  poured  on  and  the  roller  passed  along 
slowly,  forcing  the  metal  in  front  of  it  and  rolling  out  the  sheet."    The  sheet  is 
then  annealed  sad  forms  what  is  kaomn  ss»3VGft  plaie»  which  is  «ed  for  Tauh- 
lights,  skylights^  floor4ights  and  the  Uke;.    "For  polished  plate  the  rough  plate 
is  carefully  examined  for  flaws,  which  are  cut  out,  leaving  the  largest-sized  sheet 
practicable.    The  plate  is  then  fastened  to  a  revolving  table  by  means  of  plaster 
of  Paris,  and  two  heavy  shoes,  shod  with  cast  iron,  are  mounted  over  it.    The 
table  is  then  revolved  and  sand  and  water  fed  onto  the  surface;  the  shoes  revolve 
also,  going  over  all  parts  of  the  plate  and  grinding  it  down  to  a  true  plane. 
Emery-powder  is  then  fed  on,  hi  successive  degrees  of  fineness  until  the  plate  is 
made  absolutely  smooth  and  all  grit  removed,    .\fter  this,  new  rubbers,  shod 
with  very  fine  fdt,  are  put  on  and  licfuid  rouge  b  added  for  the  polishing.    When 
one  side  is  completed  the  other  side  is  similarly  treated,  the  plate  losing  about 
40%  in  weight  by  the  operation." 

Qualities  d  PoUshed  FUte  Gkss.  For  glazing  purposes  there  !s  but  one 
quality  of  plate  glass  on  the  market.  The  best  of  this  is  selected  for  manufactur- 
ing mirrors.  At  one  tinie,  plate  glass  was  extensively  imported,  but  the  gradu- 
ally improving  methods  of  the  Aiaericaa  manufacturers,  as  wdl  as  the  grett 
cheapennig  of  the  process,  have  practtcany  eliminated  imported  [Mate  glass  from 
the  market.  The  American  plate  glass  is  equal  in  every  re^sect  to  that  which 
was  imported.  The  usual  thickness  of  polished  plate  glass  is  from  H  to  9f«  in, 
but  it  can  be  made  thinner  than  this;  and  when  required  for  residence-windows 
or  car-windows,  may  be  obtained  in  91*  or  H-in  thicknesses.  It  is  manufacturvd 
from  the  same  thickness  of  rough  plate  used  for  the  ordinary  thicknesses,  but  is 
ground  down  thinner  and,  owing  to  the  additional  cost  of  grinding,  as  well  as  to 
the  risk,  is  more  expensive  than  glass  of  the  ordinary  thickness. 

Cast  oi  Polished  Mate  Olsss.  The  cost  of  plate  glass  of  ordfaiaiy  thickness 
varies  with  the  siae  of  the  lights.  The  net  price  oi  polished  plate  glsss  (1913), 
glazing  quality,  is  about  45  cts  (I0.45)  per  sq  ft,  for  sizes  of  not  more  than  10  sq  ft 
per  plate,  50  cts  ($0.50)  per  sq  ft  for  sizes  containing  from  10  to  50  sq  ft  per  plate, 
and  65  cts  ($0.65)  per  sq  ft  for  sizes  containing  not  more  than  i  ro  sq  ft  per  plate. 
For  larger  sizes  the  price  increases  rapidly  up  to  $2.00  per  sq  ft.  The  price, 
however,  can  be  accurately  determined  only  by  means  of  a  price-list  and  dis> 
count.  The  price-UsC  ia  use  (1^13)  was  introduced  in  March,  1910,  and  the 
discount  is  aboot  90%.    Plsie  glass  fiiia  thick  oosts  15%  Methsaglattsf  Iks 
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regular  (hicknas  on  Acooant  of  tbe  atn  oxpeoMe  of  grindiog  It  down.  Plate 
glass  H  in  thick  costs  from  2$  to  40%  norp  than  flaw  of  the  regular  thicknesa. 

Sizas  of  PoUahed  Plate  Glass.  Plate  glass  b  cut  Into  stock  sizes,  varying  by 
even  numbers  from  6  by  6  in  up  to  144  by  240  in,  or  136  by  260  in. 

Comparative  Cost  of  Different  Kinds  of  Window-OUss.  The  following 
table  gives  as  accurate  an  idea  of  the  comparative  cost  of  the  different  kinds  and 
qualities  of  glass  used  in  this  country  for  glazing  as  it  ii  possible  to  give^  the 
prices  for  the  sizes  being  the  present  (19 14)  net,  average  prices.  The  first  column 
of  the  table  gives  the  kinds  of  glass,  and  mcludes  both  the  American  plate  and 
the  American  sheet  glass.  The  other  columns  of  the  table  give  the  sizes  of  the 
different  lights  in  inches. 


Comparative  Cost  of  Diffeimt  Kiwis  of  Wiodow-KHMS 

Kinds  of  c^loas 

Sins  of  lighto  in  inches 

24X32 

30X3« 

36X40 

4SX60 

American  Plate  Glass 
OlaziniE-auality 

•2.3s 

1. 00 

0.47 
0.37 
0.32 

I3.38 
ISA 

0.83 
0.73 
0.56 
0.50 

I4.60 
3.34 

I. as 
1. 13 

•9.80 
6.66 

355 

3.30 

Crvstatsheet  slaw.  26«s 

American  Sheet  Glass 
Double-strength,  first  quality ...,.,,. 

Double-strength,  second  quality , . . . 

Single-atrensth.  first  quality. . , 

Sin^e-strensth,  second  quality 

It  will  be  seen  from  this  table  that  the  relative  difference  in  the  cost  of  plate 
and  sheet  glass  decreases  rapidly  as  the  sizes  of  the  lights  ina-ease.  The  prices 
in  this  table  are  based  on  the  list  of  October  i,  1903,  on  a  discount  of  90%  for 
plate  glass,  90  and  20%  for  American  sheet  glass  and  B5%  on  AA  doable- 
thick  for  36-04  aystal-sbect  glass. 

Wlr«*GlA88.    This  is  described  in  Chapter  XXm,  page  82Z. 

^gored  RoUed  Glass.  This  is  a  translucent  or  ob3CUKED  glass  with  a  pat- 
tern stamped  on  one  surface.  As  the  molten  metal  is  rolled  out  on  the  table, 
the  design,  cut  Into  the  table,  imprints  itself  into  the  soft  glass.  This  kind  of  glass 
has  almost  entirely  supplanted  the  ordinary  ground  glass  because  of  its  greater 
cleanliness.  There  are  several  popular  designs  on  the  market,  made  by  various 
manufacturers.  Some  of  the  designs  In  common  use  are  known  as  VOBS,  maze, 
COLONIAL,  FLOREKTiKE,  COBWEB,  etc.  This  glass  1$  usually  made  H  in  thick  and 
in  large  sheets  from  24  to  42  in  wide  and  from  S  to  10  ft  long.  Maze,  floken- 
TINE  and  cobweb  designs  can  be  had  either  with  or  without  the  wire  mesh  in 
them.  One  important  property  of  figured  rolled  glass  is  that  of  diffusing  the 
U^^t  wlxich  passes  through  it.    (See,  also,  pages  1367  and  1368.) 

Pressed  Prism-Pl«te  Glass.*  This  is  manufactured  in  different  patterns  and 
for  different  purposes  and  includes  (i)  Imperial  Prism-Plate  Ornamental  Glass 
in  five  different  patterns,  (2)  Imperial  Prism*Plate  Glass  and  (3)  Imperial  Sky- 
light Prism  Gla»«    The  general  description  is  as  follows: 

•  Manufactured  by  the  Pressed  Prism  Plate  Glass  Company,  Chksgo,  111.  See,  fdso, 
pa«cs  1367  to  1370- 
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(i)  Imperial  Prism-Plate  Ornamental  Glass  is  plate  glass  ground  and  polished 
on  one  side.  It  is  manufactured  in  plates,  54  by  72  or  72  by  54  in,  can  be  cut 
into  smaller  sizes,  and  is  made  in  five  different  stock  patterns.  It  is  used  in 
modem  mercantile,  office  and  public  buildings  for  partitions,  transoms,  door- 
Ughts,  vestibule  doors,  ornamental  ceiling-lights,  bank-windows  and  other  street- 
windows,  and  in  all  places  where  semiobscurity  and  ornamental  effect  are  desired. 
On  account  of  its  prismatic  qualities  it  gives  a  strong  diffusion  of  light  for  office- 
use  where  privacy  is  desired. 

(2)  Imperial  Prism-Plate  Glass.  This  is  manufactured  in  large  sheets,  54  by 
72  or  72  by  54  in,  and  can  be  cut  into  smaller  sizes.  It  is  made  in  several  different 
angles  in  order  to  obtain  the  proper  diffusion  of  light  for  var>'ing  conditions.  It 
is  a  plate  glass,  ground  and  polished  on  one  side.  There  are  no  wires  or  bars  to 
collect  dirt  and  retard  the  light  and  it  is  very  easily  cleaned.  It  is  used  in  the 
upper  sashes  of  windows  and  in  transoms,  store-fronts,  etc. 

(3)  Imperial  Skylight  Prism  Glass.  This  is  made  m  unit  plates,  18  by  60  in, 
with  a  H-in  back,  and  conforms  to  the  requirements  of  the  Board  of  Fire  Insur- 
ance Underwriters.  It  is  used  for  skylights,  roofs  over  areaways  and  in  light- 
wells,  etc.  The  possibility  of  leakage  is  lessened  on  account  of  the  large-sized 
plates  in  which  it  may  be  obtained.  These  plates,  however,  can  be  cut  into 
smaller  sizes  if  required.  It  is  particularly  adapted  for  lighting  the  rear  parts 
of  stores  and  for  railway-stations,  sheds,  etc. 

Prism  Glass,  for  glazmg  windows,  skylights  and  sidewalk-lights,  is  now  manu- 
factured in  a  large  number  of  forms  in  both  prisms  and  sheets,  and  by  several 
companies.  The  diffusing  properties  of  several  types  are  described  on  pages 
1367  to  1370  under  the  subject  of  Illumination.  This  glass  is  made  with  sharp 
prisms  which  are  glazed  horizontally  in  the  windows  and  by  refracting  the  light 
throw  it  back  horizontally  into  the  rooms,  adding  very  materially  to  the  in- 
terior lighting.  It  is  manufactured  by  several  companies  and  can  be  procured 
from  glass- jobbers  in  practically  all  the  cities  of  the  United  States.  (See,  also, 
page  821 .)  Glass  prisms  for  lighting  are  made  of  pieces  of  glass  of  standard  di- 
mensions, about  4  in  square,  with  a  smooth  outer  surface  and  an  inner  surface  di- 
vided into  a  series  of  prisms.  They  are,  in  many  cases,  formed  into  plates  by 
the  process  of  electroglazing,  the  edges  of  the  prism-lenses  being  welded  together, 
so  to  speak,  by  a  narrow  line  of  copper  which  gives  the  desired  stiffness  and 
strength  for  use  in  large  frames,  and  also  an  attractive  appearance  considered  by- 
some  to  be  superior  to  ordinary  leaded  work.  These  prism-plates  can  be  made 
in  any  desired  size,  but  for  very  large  surfaces  two  or  more  plates,  divided  by 
means  of  metal  sash-bars,  are  generally  used.     (See,  also,  page  821.) 

The  commercial  value  of  these  prisms  depends  on  that  property  of  glass  whidi 
causes  what  is  known  as  refraction.  Prism-plates  receive  the  light  from  the 
sky,  not  necessarily  from  the  sun,  and  refract  or  turn  it  back  into  the  room  which 
is  to  be  lighted.  With  an  ordinary  window  the  light  from  the  sky,  passing 
through  the  glass,  strikes  the  floor  at  a  point  not  very  far  distant  from  the  window. 
As  the  color  of  the  floor  is  usually  dark,  reflecting  perhaps  only  one-tenth  part 
of  the  light  falling  on  it,  the  rear  p>arts  of  the  room  receive  only  a  small  portion 
of  the  light  which  enters  the  window.  For  this  reason  it  has  been  necessary  to 
make  very  high  stories  for  deep  rooms,  in  order  to  light,  even  moderately,  those 
parts  which  are  at  a  distance  from  the  window.  When  prisms  are  substituted 
'  for  the  common  window-glass  or  plate  glass,  the  rays  of  light  as  they  enter  the 
glass  are  refracted,  and  by  emplojring  prisms  of  the  proper  angle,  the  rays  may 
be  given  almost  any  direction.  Moreover,  by  utilizing  different  prisms  in  the 
same  plate,  some  of  the  rays  may  be  directed  to  the  rear  of  the  room  while  others 
are  thrown  so  as  to  strike  near  the  front.    The  prism-plates  do  act  increase  the 
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quantity  of  light  entering  the  window,  but  simply  redistribute  it,  directing  it 
into  those  portions  of  the  room  in  which  it  is  most  needed.  By  thus  changing 
the  direction  of  light-rays  a  room  with  a  low  ceiling  can  be  better  lighted  than 
when  sheet  or  plate  ghiss  is  used.  To  insure  success  in  the  lighting  of  interiors 
by  means  of  prisms  requires,  however,  a  superior  quality  of  glass,  and  careful 
scientific  calculations  and  experiments,  besides  practical  and  attractive  means 
of  glazing  and  methods  of  installation.  These  requirements  have  been  met  by 
the  several  companies  making  these  prisms  and  their  products  may  be  con- 
sidered among  the  relatively  new  building  materials.  They  have  been  very 
successfully  applied  to  the  lighting  of  dark  rooms  by  daylight.  The  application 
of  prisms  to  any  particular  building  depends  upon  the  surrounding  conditions 
and  requirements,  each  case  requiring  some  special  treatment;  but  in  a  general 
way  the  various  lippliances  us^  in  the  installations  may  be  divided  into  four 
classes  as  follows: 

(i)  Vertical  Plates,  which  are  set  directly  in  the  sashes  in  place  of  the  ordinary 
window-glass.  They  are  commonly  used  for  the  transom-lights  of  stor^windows 
and  the  upper  sashes  of  double-hung  windows.  They  may  also  fill  the  entire 
window.  ^ 

(2)  Foriluxes,  which  are  vertical  prism-plates  set  in  independent  frames  and 
placed  in  window-openings  substantially  flush  with  the  face  of  the  wall. 

(3)  Canopies,  which  are  external  prism-plates  in  independent  frames,  placed 
over  window-openings  and  set  at  an  angle  with  the  vertical,  a  position  similar  to 
that  of  an  ordinary  awning. 

(4)  Pavement-Prisms,  which  are  set  in  iron  frames  in  the  pavements  or  side- 
walks, in  place  of  the  ordinary  bull's-eye  lights.  In  connection  with  the  pave- 
ment-prisms, when  a 
well-lighted  basement  b 
desired,  vertical  plates  of 
prisms,  hung  below  and 
opposite  the  pavement- 
lights,  are  often  used. 
These  hanging,  vertical 
plates  receive  the  light 
from  the  pavement- 
prisms,  and  again  chang- 
ing its  direction,  project 
it  horizontally  into  the 
basement.  This  feature 
is  illustrated  in  the 
figure  here  given,  reproduced  through  the  courtesy  of  the  Luxfer  Prism 
Company. 

The  canopies  may  be  made  either  stationary  or  adjustable  and  may  be  em- 
ployed in  a  variety  of  ways,  combining  the  useful  with  the  ornamental.  The 
hanging,  vertical  plates  lend  themselves  to  a  highly  decorative  treatment.  In 
both  the  fixed  and  hanging  vertical  plates  the  prisms  may  be  arranged  to  pro- 
duce ornamental  effects,  and  designs  may  be  inwrought  on  the  face  of  the  prism- 
plates  to  correspond  with  the  designs  worked  into  the  surfaces  of  the  building 
and  with  the  style  of  the  entire  facade.  The  prism-plates  weigh  no  more,  and 
often  less,  than  plate  glass  of  the  same  size,  while  they  arc  much  stronger  in 
resisting  wind-pressure,  the  action  of  hail  and  the  impact  of  flying  fragments. 
Although  transmitting  a  very  large  amount  of  light,  these  prism-plates  are  not 
transparent  in  the  ordinary  sense,  and  may  thus  be  used  as  screens  to  hide  un- 
attractive views  or  to  prevent  persons  looking  either  in  or  out  of  a  window.    At 
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the  same  time  a  maarinmm  quantity  of  light  is  admitted.  The  prisiii-pUte\ 
owing  to  the  stiff,  durable  manner  in  which  they  are  united  by  the  electro- 
glasing  process,  serve,  also,  u  a  fiter-retardant  or  as  a  partial  substitute  for  the 
ordinary  iron  fire-shutterSi  The  copper  glazing  forms,  as  it  were,  a  continuous 
rivet,  which  holds  the  individual  prism-lights  together,  even  after  they  have 
become  badly  cracked  by  the  action  of  fire  and  virater.  The  details  of  the  vari- 
ous makes  of  prisms  are  too  complicated  to  be  set  forth  in  a  few  pages,  but  they 
are  well  described  in  the  various  handbooks  and  catalogues  published  by  the 
different  manufacturers.  From  a  commercial  point  of  view  the  special  ad- 
vantages of  these  systems  of  interior  lighting  are  manifold.  They  tiansfonn 
rooms,  particularly  basements,  otherwise  too  dark  for  occupancy,  into  income^ 
produdag  spaces;  in  many  buildings  they  do  away  with  the  use  of  light-shafts, 
thus  saving  a  large  amount  of  valuable  floor-space;  and  in  all  laige  or  deep 
rooms  they  effect  a  great  saving  in  artificial  lighting.  Once  installed,  there  1$ 
no  cost  for  maintenance.  The  extent  to  which  these  prisms  have  been  used  by 
architects,  in  both  new  and  old  buildings,  shows  that  they  have  had  a  decided 
Influence  upon  commercial  architecture. 

Glass  for  Skylights.  General  Description.  The  glass  ordinarily  used  now 
for  skylights  is  either  roygh  or  ribbed  skylight-glass,  and  since  the  great  cheapen- 
ing in  the  process  of  manufacturing  glass  with  wire  mesh  in  it,  wire-glass,  also,  is 
being  largely  used  for  this  purpose.  The  sizes  used  depend  largely  upon  the 
pitch  of  the  skylight,  small  sizes  being  more  desirable  when  the  pitch  is  slight. 
The  weight  of  rough  or  ribbed  glass,  with  or  without  wire  mesh,  b  appvoximatdy 
as  follows: 


Weight  of  Rough  or  Ribbed  Glass 


i  Thickness  in  inches. 
Weight  in  pounds 


H 


Ms 


H 


H 


I    I 


Coat  of  Skylight-Olaaa.    The  different  kinds  of  skylight-glass  in  small  quanti- 
ties are  quoted  (19x4)  about  as  follows: 


Cost  of  SkyU«ht-Glaaa 


Kinds  oC  glass 

Cost 

Rough  or  ribbed  skylight-glass,  H-in 

6  cts  per  sq  ft 
8  cts  per  sq  ft 
12  cts  per  sq  ft 
x6  cts  per  «q  ft 
20  cts  per  sq  ft 
20  cts  per  sq  ft 

RouKh  or  ribbed  skyliKht-cdass.  Ms-in 

Rough  or  ribbed  skylight-glass,  V4-in 

Rotu^h  or  ribbed  wire-glass,  J4-in 

MnM»,  Cohweb,  or  Plorpntine  wire-glass ....      .... 

Sheet  prism  glass 

Giaaa  for  Mirrors.  Mirrors  are  made  by  silvering  one  side  of  a  sheet  of 
polished  plate  glass.  This  is  the  only  kind  of  glass  suitable  for  making  miirorsi, 
because,  unless  the  surface  of  glass  is  polished,  the  reflection  is  distorted.  A 
generation  ago,  mirrors  were  made  by  the  old-style  process  of  pressing  the  gUss 
by  means  of  heavy  weights  onto  mercury,  backed  by  tinfoil,  the  a£nity  of  mer- 
cury for  tin  forming  an  amalgam  which  protected  the  back  of  the  minors  and 
gave  the  reflection.  This  was  a  very  slow  and  expensive  process.  During  the 
twenty-five  yeafs  prior  to  1913,  practically  all  of  the  mirrors  made  were 
manufactured  by  what  b  known  as  the  patent-back  process,  in  which  nitrate 
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of  stiver  is  precipitated  in  a  film  over  the  surface  of  the  glass,  thus  givbg  it  the 
property  of  reflecting.  This  film  is  afterward  covered  and  protected  by  shellac, 
varnish  and  paint.  This  modem  method  of  iranufacture  has  made  it  possible 
to  supply  mirrors  in  considerably  less  time,  and  at  a  very  much  lower  cost,  than 
^vhen  manufactured  by  the  old-fashioned  MERCxmy-BACK  process.  There  are 
many  who  daim  that  in  spite  of  modem  processes  of  manufacture,  the  old 
method  produced  the  best  results  as  far  as  durability  is  concerned.  This  is 
evidenced  by  the  following  statement  inserted  by  Mr.  Kidder  in  the  preceding 
editions  of  the  Pocket-Book:  "There  are  two  kinds  of  mirrors  on  the  market, 
one  the  old  time  reliable  mercury-back  mirror,  the  other  the  nitrate  of  silver,  or 
what  is  better  known  to  the  trade  as  the  patent-back  mirror.  The  latter  is  now 
and  has,  in  recent  years,  been  most  extensively  sold  as  a  substitute  for  the  former. 
In  the  manufacture  of  mercury-back  mirrors  no  chemicab  are  used,  only  two 
inetalsfe  mercury  and  tin-foil.  The  affinity  of  mercury  for  tin  forms  an  amalgam 
impervious  to  and  not  affected  by  the  atmosphere.  A  mercuiy-back  mirror  is 
universally  considered  to  be  the  only  durable  and  permanent  mirror.  A  nitrate- 
of-sOver  or  patent-back  mirror  is  produced  by  the  precipitation  of  a  chendcal 
solution  of  nitrate  of  silver  and  other  media  on  the  siirface  of  the  glass,  to  which 
is  added  one  coat  of  shellac  vamish  overlaid  with  one  or  more  coats  of  paint. 
This  mirror,  irrespective  of  the  quality  of  the  glass  from  which  it  is  made,  will 
steadily  deteriorate  from  the  date  of  its  manufacture  to  that  of  its  final  collapse, 
which  may  occur  at  any  time  from  a  few  months,  but  certainly  vdthin  a  few 
years." 

MKMOEANDA  ON  EOOUNG 

Shinglea.*  The  best  shingles  are  those  made  from  csrpress,  cedar,  redwood, 
white  and  yellow  pine  and  spruce,  in  the  order  mentioned.  Redwood,  while 
perhaps  not  quite  as  durable  as  cypress,  is  less  inflammable;  sawed  pine  shingles 
are  Inferior  to  cedar,  and  spruce  shingles  are  not  suitable  for  good  wott. 

ffnmber  and  Wei^  of  Cedar  and  Pine  Shingles  Per  Square  of  One 
Hofldred  Square  Feet 


Number 

Weight  per  sauare 

Number 

Weight 

Length, 
in 

AsBumed 

Weather 

of 

of 

of  nails 

width, 

orttauge, 

shingles 

nails 

per 

ia 

in 

per 

Cedar. 

Pine. 

per 

square. 

square  t 

lb 

lb 

square 

lb 

14 

4 

900 

210 

m 

1800 

4.50' 

15 

4Vi 

8oo 

300 

333 

i6oo 

4.00 

i6 

5 

730 

193 

313 

1440 

3.60 

i8 

SM 

6SS 

197 

318 

I  310 

3.38 

so 

6 

6oo 

300 

332 

1300 

3.00 

23 

m 

SS4 

303 

33tf 

1108 

3.77 

H 

1 

5t5 

306 

339 

1030 

3.58 

SiaM  of  Shingiaa.    Cedar  and  redwood  shingles  as  conunonly  sawed  are  20  in 
in  length,  and  cypress  shingles  usually  from  20  to  34  in  Ipng,  the  longer  ones  allow- 

*  For  more  complete  information  see  Kidder's  Suilding  Construction  and  Superinten- 
deoce.  Part  II,  Carpenten'  Work,  pages  391  to  335. 
t  To  allow  for  waste,  add  from  6  to  10%.  the  greater  aHowaaee  bemg  tot  ths  sboitsr 
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ing  a  greater  eicposure  to  the  weather.  Redwood  shingles  and  the  cedar  shizt^^ 
from  the  States  of  Washington  and  Oregon,  which  States  furnish  most  of  the 
shingles  used  west  of  the  Mississippi,  are  Mc  and  Me  in  thick  at  the  butL 
cypress  shingles  are  usually  sawed  thicker.  Those  used  in  Boston  are  ^^  k 
thick.  Ordinary  roofing-shingles  are  of  random  widths,  varying  from  aH  :. 
14  and  sometimes  16  in.  They  are  put  up  in  bundles,  usually  four  bundles  !: 
the  thousand.  A  thousand  common  shingles  means  the  equivaleot  ol  x  oac 
shingles  4  in  wide. 

Dimension-Shiiigles  are  sawed  to  uniform  width,  either  4,  5,  or  6  in.  Dxme}- 
sion-shingles  with  the  butt  sawed  to  various  patterns  are  also  carried  i- 
stock. 

On  hip-roofs,  or  for  four  valleys,  add  s%  for  cutting.  On  irregular  roofs  wixi 
dormer-windows,  add  10%.  It  is  claimed  that  redwood  shingles  will  go  farther 
than  cedar  shingles.  With  a  rise  to  the  roof  of  from  8  to  10  in  to  the  foot,  cfd^ 
shingles,  or  any  shingles  16  or  18  in  in  length,  should  be  laid  from  4  to  4H  in  to 
the  weather;  with  a  rise  from  10  to  12  in,  from  4H  to  4H  in  to  the  weatht- 
and  on  steeper  roofs  they  may  be  laid  from  4H  to  5  in.  Redwood  shingles  raa> 
be  laid  Vi  in  more  to  the  weather.  Some  authorities  allow  slightly  greater  » 
posures  for  these  lengths.  Where  the  longer  shingles  are  used  the  exposure  t 
the  weather  may  be  increased  up  to  7  in  for  the  24-in  lengths.  On  walls  ceda- 
shingles  are  commonly  laid  5  in  to  the  weather,  and  redwood  shingles  6  in. 

Labor.  An  average  shingler  should  lay  i  500  shingles  in  9  hours  on  piah 
work;  on  irregular  roofs  with  dormers,  i  000  per  9  hours. 

Nails.  It  requires  about  $  lb  of  thre^)enny  or  7)4  lb  of  fourpenny  naib  to 
I  000  shingles. 

Slate  Roofs 

Characteristics  of  Good  Slate.  A  good  slate  should  be  both  hard  and  tougii. 
If  the  slate  is  too  soft,  however,  the  nail-holes  will  become  enlarged  and  the  slate 
will  become  loose.  If  it  is  too  brittle  the  slate  will  fly  to  pieces  in  the  process  of 
squaring  and  holing  and  will  be  easily  broken  on  the  roof.  "A  good  slate  shouM 
give  out  a  sharp  metallic  ring  when  struck  with  the  knuckles;  should  not  splinter 
under  the  slater's  axe;  should  be  easily  holed  without  danger  of  fracture,  and 
should  not  be  tender  or  friable  at  the  edges."  The  surface  when  freshly  splh 
should  have  a  bright  metallic  luster  and  be  free  from  all  loose  flakes  or  dull  sur- 
faces. Very  few  of  the  Vermont  slates,  however,  have  the  metallic  luster  or 
ribbons.  Most  slates  contain  ribbons  or  seams  which  traverse  the  slate  in 
approidmatdy  parallel  directions.  Slates  containing  soft  ribbons  are  inferior 
and  should  not  be  used  in  good  work. 

Color.  The  color  of  slates  varies  from  dark  blue,  bluish  black,  and  purxde  to 
gray  and  green.  There  are  also  a  few  quarries  of  red  slate.  The  color  of  the 
slate  does  not  appear  to  indicate  the  quality.  All  slate  quarried  in  Maine  i^ 
black  as  is  also  that  quarried  in  Virginia,  while  that  quarried  in  Pennsylvania 
and  Maryland  b  also  bUck  but  borders  on  dark  blue  and  is  advertised  by  some 
firms  as  dark  blue.  Slate  quarried  in  New  York  State  is  red,  of  various  tints, 
while  that  quarried  in  Vermont  is  of  various  colors,  such  as  green,  purple,  varic- 
gated,  etc.  The  red  and  dark  colors  were  formerly  considered  the  most  effec- 
tive but  at  the  present  time  the  greens  are  going  on  some  of  the  largest  and 
finest  of  the  new  residences.  Some  slates  are  marked  with  bands  or  patcbe!^ 
of  a  different  color,  and  the  dark-purple  slates  often  have  large  spots  of  light 
green  on  them.  These  spots  do  not  as  a  rule  affect  the  durability  of  the  slate, 
but  they  greatly  detract  from  its  appearance. 
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Grading  of  SlatetT  The  Monson,  Me.,  slates  and  Brownville,  Me.,  slates 
graded  as  follows:  No.  i.  Every  sheet  to  be  full  ^U  in  thick,  both 
sides  smooth  and  all  corners  full  and  square.  No  pieces  to  be  win<ting  or 
'^nraxped. 

No.  2.    Thickness  may  vary  from  H  to  H  in,  all  comlbrs  square,  one  side  gener- 
sUly  smooth,  one  side  generally  rough,  no  badly  warped  slates. 
The  Bangor,  Pa.,  slates  are  graded: 
No.  I  Clear.    A  pure  slate  without  any  faults  or  blemishes. 
No.  I  Ribbon.    As  well  made  as  No.  x  Clear,  except  that  it  contains  one  or 
more  ribbons  (a  black  band  or  streak  across  the  slate),  which,  however,  are  high 
enough  on  the  slate  to  be  covered  when  laid,  thus  presenting  a  No.  i  roof. 

No.  2  Ribbon.    This  contains  several  ribbons,  some  of  which  cannot  be 
covered  when  laid. 

No.  2  Clear.    A  slate  without  ribbons,  made  from  rough  beds. 
Hard  Beds.    A  dear  Bangor  shite,  not  quite  as  smooth  as  No.  i  Clear,  but 
much  better  than  No.  2  Clear. 

Ordinary  Bent  Slate.  A  smooth  slate  similar  to  No.  i  Clear,  but  bent  at  a 
radius  of  about  12  ft. 

Punching.  Formerly  nail-holes  in  slates  were  punched  on  the  job;  now,  how- 
ever, slates  are  bored  and  countersunk  at  the  quarry,  wheot  so  ordered.  Archi- 
tects should  always  specify  that  the  slates  are  to  be  bored  and  counterstmk,  as 
punching  badly  damages  the  slates. 

Sizes.  The  sizes  of  slates  range  from  9  by  7  in  to  34  by  14  in,  there  being  some 
thirty-seven  different  sizes;  the  more  common  sizes,  however,  are  the  following: 
The  sizes  of  slates  best  adapted  for  plain  roofs  are  the  large  wide  slates,  such  as 
12  by  16  in,  18  by  12  in,  20  by  12  in,  or  34  by  14  in.  Slates  from  8  by  16  to  10 
by  20  in  are  popular  sizes,  9  by  i8-in  slates  bdng  probably  used  oftencr  than 
those  of  any  other  size.  The  11  by  32  and  1 2  by  34-in  slates  are  used  principally 
on  very  large  high  buildings.  The  lower  grades  of  slate  are  used  largely  on  ware- 
houses and  bams.  The  larger  sizes  make  fewer  joints  in  the  roof,  require  fewer 
naib,  and  diminish  the  number  of  small  pieces  at  hips  and  valleys.  For  roofs 
cut  up  into  small  sections  the  smaller  sizes,  such  as  14  by  7  in  or  16  by  8  in,  look 
the  best. 

Thicknen.  Slates  vary  m  thickness  from  H  to  H  in;  M«  in  is  the  usual  thick- 
ness for  ordinary  sizes  (see  Grading  of  Slates  in  the  preceding  paragraphs).  It 
is  of  utmost  importance  for  architects  to  specify  the  thickness  of  slates,  either 
fully  M«  in  thick,  or  fully  H  in  thick,  to  secure  a  strong  and  durable  roof. 

Laying.  Slates  are  laid  either  on  a  board  sheathing  (rough,  or  tongued  and 
grooved)  covered  with  tarred  or  water-proof  paper  or  felt,  or  on  roofing-laths 
from  3  to  3  in  wide  and  from  i  to  iH  in  thick,  nailed  to  the  rafters  at  distances 
apart  to  suit  the  gauge  of  the  slates.  Each  slate  should  lap  the  slate  in  the 
second  course  bebw,  3  in.  The  slates  are  fastened  with  two  threepenny  or  four- 
penny  nails,  one  near  each  upper  comer.  For  slates  20  by  10  in  or  larger,  four- 
penny  naib  should  be  used.  Copper,  composition,  tinned,  or  galvanized  nails 
should  be  used.  Plain-iron  nails  are  speedily  weakened  by  rust,  and  they 
break  and  allow  the  slates  to  be  blown  off.  On  iron  roofs  slates  are  often 
placed  directly  on  small  iron  purlins  spaced  at  suitable  distances  apart  to  receive 
them,  and  fastened  with  wire  or  special  forms  of  fasteners.  The  gauge  of  a 
slate  is  the  portion  exposed  to  the  weather,  which  should  be  one>half  the  re- 
mainder obtained  by  subtracting  3  in  from  the  length  of  the  slate.  Roofs  to  be 
covered  with  slate  should  have  a  rise  of  not  less  than  6  in  to  the  foot  for  20-in  or 
24-in  slates^  or  8  in  for  smaller  sizes. 
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Btottip  Cement  In  first-class  work,  the  ti^  course  of  slate  on  Che  ridgc^  and 
slate  for  from  s  to  4  ft  from  all  gutters  and  i  ft  each  way  from  all  v«li^  and 
hips,  should  be  bedded  in  elastic  cement. 

Flaihinp.  By  flashings  are  meant  pieces  of  tin,  sine,  or  copper  laid  over 
slate  and  up  against  walls*  chimneys,  copings,  etc. 

Coonterflaahingi  are  of  lead  or  zinc,  and  are  laid  between  th«  couiaes  in  brick, 
and  turned  down  over  the  flashings.  In  flashing  against  stontwork*  fDOQvcs  or 
regltfta  often  have  to  be  cut  to  receive  the  counterflashings, 

CloM  and  Open  Talleys.  A  dose  valley  is  one  in  which  the  sUtes  are  mitered 
and  flashed  in  each  course  and  laid  in  cement.  In  such  valleys  no  metal  can  be 
seen.  Close  valleys  should  only  be  used  for  pitches  above  45".  An  open  valley 
is  one  formed  of  sheets  of  copper  or  zinc  15  or  16  in  wide,  over  which  the 
slates  are  laid. 

Old  EngUah  Method  of  Laying  SUtes.*  This  method  of  laying  slate  in- 
volves the  use  of  different  shades  of  cobred  slates  in  graduated  courses  and  in 
random  widths  beginning  at  the  eaves,  for  example,  with  slates  38  in  long  and  iH 
in  thick,  and  using  the  different  thicknesses  from  iV4  to  H  in,  in  shorter  lengths, 
in  working  upward  on  the  joof.  The  use  of  this  kind  of  work  for  niols  has  In- 
creased in  recent  years  and  the  method  possesses  vast  posdbllitiae  for  carry- 
ing out  architects'  ideas  for  varied  artistic  effects.  '^Tfae  slates  are  osade  with 
rough-cut  edges  in  all  thicknesses  from  H«  to  iH  in,  in  a  oomblnajtloii  of  various 
shades  carefully  selected  in  such  proportion  as  to  produce  the  best  possible  har- 
mony, when  laid.  As  all  of  these  colors  and  shades  are  unfading,  the  wkajhesleb 
effect  is  obtained  at  once  and  is  permanent.  These  slates  are  made  not  only  io 
usual  sixes,  but  in  the  old  English  style,  to  be  laid  in  graduated  courses  of  dif- 
ferent lengths  and  in  random  widths.  The  Old  English  cobr^combiwition  roof- 
ing-slates should  be  specified  to  secure  the  light-and-shadow  effect,  and  it  is  of  the 
utmost  importance  to  specify  the  thickness  desired,  as  the  price  is  the  same  for 
all  sizes,  while  the  cost  varies  according  to  thickness.  When  graduated  courses 
are  desired,  specifications  should  call  for  the  number  of  courses  to  belaid  in  each 
length  and  thickness  beginning  at  the  eaves  courses,  where  the  tbid^Mt  slates 
are  used  in  the  largest  sizes,  sometimes  30  or  even  36  in  in  length,  and  working 
upward  on  the  roof  with  the  shorter  lengths  and  thinner  Slates  to  the  ridges  where 
the  smallest  sizes  and  thinnest  slates  are  used.  To  secure  a  rough  effect  at  mini- 
mum cost,  specifications  should  call  for  Old  English  color-combination,  all  slates 
to  be  fully  Vi  in  thick  with  rough  cut  edges  and  graduated  courses  in  siaes  rang- 
ing from  24  by  16  to  i  a  by  6  in,  with  nail-holes  drilled  and  countersunk.  To 
secure  the  best  rough  effect,  spedficntions  should  call  for  oaves-courses  Mt  less 
than  H  in  thick,  stating  the  thickness  desired  for  the  eaves,  and  the  number  ol 
courses  deared  in  each  length  and  thickness.  Among  the  good  specimens  of  the 
Oki  English  style  of  roofing  may  be  mentioned  the  buildings  of  Princeton  Uni- 
versity for  the  Graduate  G>Uege,  where  different  shades  of  unfading-green  slates 
are  used  in  thicknesses  running  from  iH  in  at  the  citves  to  H  in  At  the  ridge.t 

Measurement  Slates  are  sold  by  the  squake,  by  which  is  meant  a  suflideot 
number  of  slates  of  any  size  to  cover  100  sq  ft  of  surface  on  a  roof,  with  3  ui  of 
lap,  over  the  head  of  those  m  the  second  course  below.    The  square  Is  also  the 

*  Full  hiformation  in  regard  to  the  details  of  thsslates  for  tUspuipoBsand  the  SMthodi 
employed  ia  Isybg  tkem  can  be  obtained  from  the  various  oompaaies  among  which  may  be 
mentboed  the  OU  English  Slate  Company,  Boston,  Mam.,  and  the  Mathews  SUu  Con* 
pany,  Poultaey,  Vt, 

t  Condensed  hom  description  of  methods  used,  given  by  the  Old  EngUlb  Slate  Compsay. 
Boston,  Maes. 
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l>asis  on  which  the  cost  of  laying  is  measured.  "Eaves,  hips,  valleys,  and  cut- 
tings against  walls  or  dormers  are  measured  extra;  x  ft  wide  by  their  whole 
length,  the  extra  charge  being  made  for  waste  material  and  the  increased  labor 
required  in  cutting  and  fitting.  Openings  less  than  3  sq  ft  arc  not  deducted,  and 
all  cuttings  around  them  are  measured  extra.  Extra  charges  are  also  made  for 
borders,  figures,  and  any  change  of  color  of  the  work  and  for  steeples*  towers,  and 
I^enpendicular  surfaces."  • 

Cost.  The  cost  of  slates  varies  with  the  size,  color  and  quality.  The  prices 
given  in  the  following  table  are  about  the  average  (1915)  for  blue-black  slate,  of 
No.  I  grade,  loaded  on  the  cars  at  the  Pennsylvania  quarry.  The  freight  in 
car-load  lots  of  60  squares  or  over  to  Philadelphia  from  Bethlehem,  Pa.,  is  60 
eta  per  square,  from  Pennsylvania  to  Omaha,  Neb.,  $2.60  and  from  Vermont, 
about  the  same.  It  will  be  seen  that  slates  of  the  medium  sizes  cost  the  most, 
and  those  of  the  larger  and  smaller  sizes  the  least.  Special  prices  are  quoted  for 
special  sizes.  The  larger  sizes  make  the  cheapest  roofs.  Red  slates  cost  from 
60  to  150%  more  than  black  slates.  The  green  slates  are  more  expensive  than 
the  black  with  the  exception  of  the  Maine  and  Peach  Bottom  varieties. 


Number  and  Coet  of  Slates*  and  PomuU  of  Nails  to  zoo  Square  Feet  of  Roof 

3-iiichLap 


Sizes  of 

slates, 

in 

Exposed 

when  laid, 
in 

Number  to 
a  square 

Weights  of 

nails, 
lb    oz 

Cost  per 

square  at 

quarry 

14X24 

12X24 

12X22 

11X22    - 

11X2Q 

10X20 

12X18 

10X18 

9X18 
12X16 
10X16 

9X16 

8X16 
10X14 

8X14 

7X14 

8X12 

7X12 

6X12 

lO^i 

9H 

8V4 

8H 

7H 

7H 

7H 

6H 

6H 

6H    • 

6H 

sH 

SH 
SH 
4H 
AM 
4H 

98 
"5 
126 
138 
1S5 
170 
160 
192 
214 
18S 

222 

247 

277 
262 
328 
37S 
400 
457 
534 

Ad 
34 

I     6 

I    xo 

I     12 

1  15 

2  0 
2       6 

1  13 

2  3 
2      7 
2       2 

2  8 

3  0 
3      2 
3      0 

3  12 

4  4 

4  9 

5  3' 

6  1 

$450 
4S0 
4. 75 
4.75 
5.25 
5.2s 

5.2s 
525 

^     5.2s 
S.2S 

4.75 

475 

4.2s 

4.2s 

The  cost  of  blue-black-slate  roofs,  complete,  varies  from  $9  to  $x6  per  square, 
depending  on  the  class  of  work  and  remoteness  from  the  quarries.  The  addi- 
tional cost  of  laying  slate  in  elastic  cement  varies  from  $1.75  to  $2.50  per  square. 
An  experienced  roofer  will  lay,  on  an  average,  2H  squares  of  slate  in  8  hours. 

Weight  Shite  roofing  Ms  in  thick  will  weigh  on  the  roof  about  6H  lb  per  sq  ft, 
and  if  V4  in  thick,  SH  lb,  the  smaller  sizes  weighing  the  most  on  account  of  the 
lap.    The  actual  weight  of  a  square  foot  of  slate  H  in  thick  is  3.63  lb.    A  cubic 


*  The  Buikiing  Trades  Pocket-book. 
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foot  of  Vermont  slate  weighs  approxinmtely  175  lb.  Tfae  average  sbippiag 
weight  for  No.  i,  M«-in  sUtes,  is  approximately  725  lb;  for  H-in  slates,  1 000 
lb;  for  H-in  slates,  2  000  lb,  etc. 

Roofing-TUes 

General  Notea  on  Roofing-'Dlea.  The  term  ROoriNG-iiLE  is  commonly 
understood  to  refer  to  exterior  roof -covering  made  from  clay  in  units  of  various 
shapes  and  laid  with  overlapping  edges.  Clay  or  terra-cotta  roof-tiles  have 
long  been  very  largely  used  in  Europe,  where  their  cost  is  much  less  than  in 
America.  Since  the  year  1893  the  advance  here  in  the  character  and  extent  of 
roofing-tile  has  been  marked  and  rapid.  This  material  can  now  be  had  at  much 
lower  prices  than  formerly  prevailed,  and  the  result  has  been  that  thousands  of 
squares  of  terra-cotta  tiles  have  been  placed  on  shops  and  factories  whidi  would 
under  former  conditions  have  been  covered  with  slate  or  metal.  Whether  or  not 
a  tile  roof  is  as  durable  and  satisfactory  as  one  of  No.  x  slate  is  a  much-dis- 
puted question.  Mr.  Kidder  was  of  the  opinion  that,  considering  the  quantities 
used,  slates  have  given  better  satisfaction  than  tiles.  A  tile  roof,  however,  is 
certainly  more  attractive  than  a  slate  roof,  and  it  is  generally  held  that  there 
are  many  roofing-tiles  on  the  market  which  if  properly  laid  prove  as  tight  and 
durable  as  slates.  There  are  so  many  patterns  of  roofing-tiles  that  it  is  impos- 
sible here  to  enter  into  a  description  of  them.  Of  the  various  patterns,  those 
which  interlock  are  considered  from  a  practical  standpoint,  to  make  the  most 
satisfactory  roof. 

Laying  Roofing-TUet.  Roofing-tiles  have  been  laid  directly  on  a  porous 
book  tile  or  concrete  base  or  on  a  sheathed  surface  over  such  base,  or  they  have 
been  fastened  to  stripping  over  the  sheathing  or  wooden  or  steel  purlins  by  means 
of  copper  wires.  When  thus' fastened  by  wires,  the  joints  were  usually  pointed 
on  the  under  side  after  they  were  laid,  to  prevent  the  entrance  of  dust  or  dry 
snow.  Tiles  of  the  older  patterns  were  nailed  to  the  sheathing,  but  later  on  this 
method  was  superseded  by  the  practice  of  fastening  with  copper  wires  from 
pierced  lugs  near  the  lower  ends  of  the  tiles.  The  best  modem  method,  however, 
seems  to  be  the  one  involving  a  solid  continuous  base  for  the  roofing-tiles,  whether 
or  not  purlins  are  used.  "Such  purlins  should  be  filled  in  between  either  with 
book  tiles  or  a  concrete  base  and  felt  should  be  laid  thereon.  The  book  tiles,  if 
used,  should  be  of  a  porous  quality.  Instead  of  regarding  the  nailing  of  tiles  as 
a  defective  method,  we  have  returned  to  it  as  the  only  proper  method  of  fasten- 
ing tiles  and  have  eliminated  the  stripping  of  sheathed  roofs  and  the  use  of  copper 
wires.  Such  methods  would  do  in  some  portions  of  central  Europe  where  the 
winds  and  other  climatic  conditions  are  not  severe,  but  through  a  twenty-five- 
years'  experience  in  the  varied  climatic  conditions  of  the  United  States,  we  have 
found  that  the  nailing  of  tiles  with  copper  nails  is  the  only  satisfactory  method 
of  application.  We  have  also  found  that  a  roof  should  be  sheathed  and  covered 
with  a  good  asphaltum-felt  to  prevent  wind-suction."  *  Roofing-tiles  weigh 
from  750  to  I  200  lb  per  square  of  xoo  sq  ft. 

Specifications  for  Tile  Roofing 

The  following  specification  t  contains  valuable  suggestions  for  the  proper  lay- 
ing of  tile  roofs: 
All  pitched  roofs  shall  be  covered  with  ( )  tiles  with  fittings  suitable  for 

*  Quoted  by  permiaston  from  data  on  roof-tiling,  by  the  Ltidowid-Cdadoa  Company, 
Chicago.  lU. 
t  Prepared  from  dau  f umiahed  by  the  Ludowid-Cdedon  Company,  Chicago.  UL 
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each  pattern  unlc35  otherwise  selected  by  the  architect.  The  tiles  as  specified 
above  are  to  be  hard-burned,  of  red  color,  and  in  accordance  with  samples  de- 
posited in  the  office  of  the  architect. 

(z)  Preparation  of  Roof.  Before  the  roofer  is  sent  for,  the  owner  or  general 
contractor  is  to  construct  the  roofs  in  strict  accordance  with  the  plans,  sheath  the 
roofs  TIGHT,  have  all  chimneys  and  walls  above  the  roof-line  completed,  have  all 
vent-pipes  put  through  the  roofs,  furnish  all  strips  of  required  width  used  under 
hip-rolls,  furnish  all  i  by  H-in  cant-strips  used  under  the  tiles  at  the  eaves  and 
have  all  the  scaffolding  ready  for  the  roofers'  use.  The  metal-contractor  is  to 
have  all  gutters  in  place  on  the  roof  (gutters,  whether  box,  hanging  or  secret 
gutters,  are  to  extend  over  the  roof-sheathing  and  cant-strips,  and  run  under 
the  felt  and  tiles  at  least  8  in)  and  is  to  have  in  place,  also,  aU  valley-metal,  the 
width  of  which  is  to  be  not  less  than  24  in,  with  both  edges  turned  up  H  in 
through  the  entire  length  of  the  valley.  The  valley-metal  is  to  be  fastened  with 
clips  and  never  nailed  or  punctured  in  any  manner.  The  valley-metal  is  to  be 
laid  over  one  layer  of  felt  running  lengthwise  the  entire  distance  of  the  valley. 
The  metal-contractor  is  to  have  in  readiness  all  flashing-metal  used  alongside 
and  in  front  of  dormers,  gables,  skylights,  towers  and  perix^ndicular  walls,  and 
around  vent-pipes  and  chimneys,  and  is  to  place  the  same  after  the  arrival  of 
the  tile-roofer  and  under  his  direction. 

(a)  Laying  the  Felt.  After  the  roofs  have  thus  been  prepared  to  receive  the 
felt  and  tiles,  the  tile-roofer  is  to  cover  the  sheathing  of  the  roofs  with  one  thick- 
ness of  asphalt  roofing-felt  weighing  not  less  than  30  lb  to  the  square,  laying  the 
same  with  a  aH-in  lap  and  securing  it  in  place  by  capped  nails.  The  felt  b  to 
be  laid  parallel  with  the  eaves,  lapped  over  all  valley-metal  about  4  in  and  laid 
under  all  flashing-metal  about  6  in. 

(3)  Laying  the  Tiles,  The  roof  having  thus  been  prepared,  the  tile-layer  is  to 
fasten  the  tiles  with  copper  nails.  The  roofer  is  to  see  that  the  tiles  are  well 
locked  together  and  that  they  lie  smoothly,  and  no  attempt  is  to  be  made  to 
stretch  the  courses.  The  tiles  are  to  be  laid  so  that  the  vertical  lines  are  parallel 
with  each  other  and  at  right-angles  to  the  eaves.  The  tiles  that  verge  along  the 
hips  are  to  be  cut  close  against  the  hip-boards,  and  a  water-tight  joint  made  by 
cementing  cut  hip-tiles  to  the  hip-boards  with  elastic  cement.  Each  piece  of 
hip-roll  is  then  to  be  nailed  to  the  hip-board,  and  the  hip-roUs  are  to  be  cemented 
where  they  lap  each  other.  The  interior  spaces  of  hip-rolls  and  ridge-roUs  are 
not  to  be  filled  with  the  pointing-material. 

Cost  of  Roofing-TUes.  The  prices  of  tiles  vary  from  $7  to43o  per  square, 
according  to  the  character  of  the  surface-finish  and  to  the  pattern.  The  cost 
of  \aying,  including  asphalt-felt,  varies  from  $5  to  $10  per  square,  according  to 
the  pattern  of  tiles  used,  the  number  of  layers  of  felt  and  the  character  and 
extent  of  the  roof.  If  roofing-tiles  are  laid  on  book  tiles  or  on  cement,  ao% 
must  be  added  to  the  cost  for  laying  on  wooden  sheathing.  Fluctuating  values 
of  copper  make  the  item  of  copper  nails,  when  these  are  used,  one  of  im- 
portance. 

Sheet-Metal  Tiles.  Roofing-tiles  stamped  from  sheet  steel,  plain  or  galvan- 
ized, and  also  from  sheet  copper,  in  imitation  of  clay  tiles,  are  made  by  several 
manufacturers  and  have  been  extensively  used  for  factories  and  buildings  of 
secondary  importance.  The  first  cost  of  these  tiles,  except  those  made  of 
copper,  is  much  less  than  that  of  clay  tiles  and  they  do  not  require  as  heavy 
roof-framing.  Tin  or  galvanized-iron  tiles,  however,  must  be  painted  every 
few  years,  so  that  for  a  long  period  of  years  they  probably  cost  as  much  as  clay 
tiles  and  more  than  slate. 
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Tin  Roofs 

The  Sheets.  Roofing-plates  are  made  of  soft  steel  of  various  special  aaalyscs, 
or  wrought  iron  (more  conunonly  of  the  former),  covered  with  a  mixture  of  lead 
and  tin,  and  are  designated  terne-plates,  in  distinction  from  plates  coated 
only  with  tin  and  therefore  called  bright  tin.  Roofing-Ftlates  are  coated  by 
two  methods,  (i)  The  original  method  of  coating  the  plates  consisted  in  dip- 
ping the  black  plates  by  hand  into  the  mixture  of  tin  and  lead,  and  allowing  the 
sheets  to  absorb  all  the  coating  that  was  possible;  and  at  least  one  brand  of 
roofing-tin  is  still  made  by  this  process.  (3)  The  other  process,  by  which  the  ma- 
jority of  roofing-plates  are  now  made,  is  known  as  the  patent-roller-pxoccss, 
by  which  the  plates  are  put  Into  a  bath  of  tin  and  lead,  and  are  passed  through 
rolls.  The  pressure  of  these  rolls  leaves  on  the  iron  or  steel  a  thickness  of  coating 
which,  to  a  great  extent,  determines  the  value  of  the  plates.  These  rolls  can  be 
adjusted  to  leave  a  relatively  krge  amount  of  coating  on  the  plate,  an  ordinary 
coating,  or  a  very  scant  coating.  The  heavier  the  coating  the  more  valuable  the 
plate.  Some  makers  employ  a  variation  of  this  patent  process,  by  which  the 
plates  are  given  an  extra  dip,  by  hand,  in  an  open  pot,  to  give  a  hand-dipped 
TiNisH.  It  is  claimed  that  hand-dipped  plates  will  last  much  longer  than  those 
made  by  the  new  process,  although  the  latter  process  is  much  more  extensively 
used  and  many  good  roofing-sheets  are  made  by  it. 

Bnuidt.  The  best  roofing-plates  always  have  the  brand  stamped  on  them, 
and  as  the  manufacturers  have  a  pecuniary  interest  in  keeping  up  the  reputation 
of  these  brands,  the  only  way  of  being  sure  of  a  good  tin  roof  is  to  specify  a  brand 
of  tin  that  has  a  reputation  for  quality  and  durability.  Some  of  the  best-known 
brands  are  Taylor's  Target-and-Arrow  (formerly  Oki  Style);  Merchant's  OW 
Method,  MF;  Follansbee's  Banfield  Process;  and  Margaret.  Machine-made 
plates  are  usually  stamped  with  the  weight  of  coating  per  box  of  1x2  sheets,  a8 
by  30-in  siae. 

SixM  ef  Sheets.  The  common  sixes  of  tin  plates  are  10  by  14  in  and  mtiltq)les 
of  that  measure.  The  sizes  generally  used  are  14  by  30  in  and  38  by  xo  in.  The 
larger  sixe  is  the  more  economical  to  lay,  and  heact  roofers  prefer  to  use  it;  but 
for  flat  roofs  the  14  by  20-in  siae  makes  the  better  roof. 

ThickneiMs  of  Sheeta.  Teme-plates  are  made  in  two  thidmesses,  IC,  in 
which  the  iron  body  wdghs  about  50  lb  per  100  sq  ft,  and  IX,  in  which  it  wdghs 
62H  lb  per  100  sq  ft.  For  roofing,  the'IC,  or  lighter  weight,  is  to  be  preferred, 
because  the  seams  do  not  contract  and  expand  as  much  as  they  do  when  the 
thicker  plates  are  used.  For  spouts,  valleys  and  gutters,  however,  DC  plates 
should  always  be  specified,  and  should  preferably  be  used  for  fUshings,  as  they 
are  stiffer  and  less  liable  to  be  dented  or  punched.  The  thickness  of  the  iron 
does  not  add  to  the  durability  of  the  plates,  as  this  depends  entirely  upon  the  tin 
coating- 
Weights  of  Sheets.  The  standard  weight  of  14  by  ao-tn  IC  teme-plates  is  107 
lb  for  XX3  sheets,  the  number  usually  packed  in  one  box,  and  of  14  by  3o>m  DC 
sheets,  135  lb.  The  38  by  20-in  sheets  should  weigh  just  twice  as  much.  The 
black  sheets,  before  coating,  should  weigh,  per  113  sheets,  from  95  to  100  lb  for 
IC,  14  by  3o-in  sheets,  and  from  135  to  130  lb  for  IX,  14  by  30-in  sheeta  The 
difference  between  the  weights  of  the  black  sheets  and  finished  sheets  is  the 
weight  of  the  tin.  A  heavily  coated  tin  should  weigh  from  11$  to  1 20  lb  per  1 1 2 
sheets  for  IC,  14  by  30-in  sheets,  and  from  145  to  150  lb  for  IX,  14  by  30-in  sheets. 
The  38  by  30-in  sheets  should,  of  course,  weigh  twice  as  much. 

The  Roof.  Roofs  of  less  than  one-third  pitch  are  made  with  fiat  sbaus  and 
should  preferably  be  covered  with  14  by  20-in  sheets  rather  than  with  38  by  20-m 
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sheets,  becsuse  the  laiger  number  of  seams  stiffens  the  surface  and  helps  to  pie- 
vent  buckles  and  rattling  in  stormy  weather.  For  a  flat-seam  roof,  the  edges  of 
the  sheets  are  turned  H  in,  locked  together  and  well  soaked  with  solder.  The 
sheets  are  fastened  to  the  sheathing-boards  by  cleats  spaced  8  in  apart  and  locked 
in'the  seams.  Two  i-in  barbed  and  tinned-wire  nails  are  used  in  each  cleat.  No 
nails  should  be  driven  through  the  sheets.  The  seams  must  be  made  with  great 
care  and  sufficient  time  taken  to  properly  sweat  the  solder  into  the  seams.  Steep 
tin  roofs  should  be  made  with  standing  seams  and  with  28  by  20-in  sheets. 
The  sheets  are  first  single-seamed  or  double-seamed  and  usually  soldered  to- 
gether, preferably  end  to  end,  into  long  strips  that  reach  from  eaves  to  ridge. 
The  sloping  seams  are  composed  of  two  itpstands,  interlocked  at  the  upper  edge, 
and  held  to  the  sheathing-boaids  by  cleats.  The  standing  seams  are  usually  not 
soldered  but  simply  locked  together  with  the  cleats  folded  in  about  x  ft  apart. 
N^ls  should  be  driven  into  the  cleats  only.  The  use  of  acid  in  soldering  the 
seams  of  a  tin  roof  should  be  carefully  avoided  as  acid  coming  in  contact  with  the 
bare  iron  on  the  cut  edges  and  comers,  where  the  sheets  are  folded  and  seamed 
together,  causes  rusting.  No  other  soldering-flux  but  good  rosin  should  ever  be 
used. 

Durability  of  Tin  Roofs.  A  tin  roof  of  good  material,  properly  put  on,  and 
kept  properly  painted,  will  last  from  forty  to  fifty  years,  or  longer.  All  traces 
of  rosin  left  on  the  roof  should  be  removed  as  soon  as  the  tin  is  laid  and  soldered, 
and  one  coat  of  paint  should  be  applied  promptly;  a  second  coat  should  follow 
two  weeks  after  the  first.  One  or  more  layers  of  felt  or  water-proof  paper  should 
be  placed  under  the  tin,  to  serve  as  a  cushion,  and  also  to  deaden  the  noise  pro- 
duced by  rain  striking  the  tin.  The  durability  of  tin  roofing,  and  especially  of 
tin  gutters,  valleys  and  flashings,  is  generally  increased  by  painting  the  tin  on 
the  back  before  lasring.  An  excellent  paint  for  tin  roofs  is  composed  of  10  lb  of 
Venetian  red,  i  lb  of  red  lead  and  i  gal  of  pure  linseed-oil. 

Maintenance  of  Tin  Roofs.  The  tin  roof  should  be  given  one  coat  of  paint 
after  it  is  laid  and  an  additional  coat  of  paint  at  four-year  or  five-year  intervals 
should  be  amply  sufficient  to  keep  its  upper  surface  in  first-class  condition  as 
long  as  the  building  stands.  With  each  painting  the  roof  is  fully  restored  to  its 
original  condition.  Graphite  and  tar  paints  should  be  avoided  on  tin  roofs. 
Metallic  brown,  Venetian  red,  red  oxide  or  red  lead,  only,  should  be  used  as 
pigments,  with  pure  linseed-oil.  Tinned  gutters  should  be  swept  clear  of  accu- 
mulations of  leaves,  dirt,  etc.,  and  if  water  has  a  tendency  to  lie  in  the  gutters 
they  should  be  painte^  3rearly. 

Number  of  Sheets  Required  to  a  Square.  For  flat-seam  roofing  a  sheet  of 
tin  14  by  20  in,  with  V^in  edges,  measures,  when  edged  or  folded,  13  by  19  in» 
or  347  sq  in;  but  its  covering  capacity  when  joined  to  other  sheets  on  the  roof  is 
only  i2^i  by  i8^  in,  or  231.25  sq  in.  The  number  of  sheets  to  a  square,  there- 
fore, equals  14  400  divided  by  231.25,  or  63,  and  an  area  of  i  000  sq  ft  requires  625 
sheets.  A  box  of  112  14  by  20-in  sheets  will  cover,  approximately,  180  sq  ft. 
Sheets  28  by  20  in,  when  edged  or  folded,  have  a  covering  capacity  of  490.25  sq  in, 
each.  To  cover  i  000  sq  ft  (10  squares)  requires  294  sheets.  For  standing- 
seam  ROOFING  the  locks  require  2f4  in  off  the  width  and  iVi  in  off  the  length  of 
the  sheet.  A  28  by  20-in  sheet,  with  the  seams  on  the  long  edges,  will  cover  463 
sq  in.    To  cover  i  000  sq  ft  requires  312  sheets. 

The  Cost  of  Tin  Roofing  varies  from  $8  to  $12  per  square,  according  to  the 
grade  of  the  tin,  the  locality  and  nature  of^  the  work  and  the  scale  of  wages. 
Standing-seam  roofs  cost  about  50  cts  a  square  less  than  flat-seam  roofe.  The 
cost,  when  14  by  20-in  sheets  are  used,  is  about  25%  more  thanipr  sS  bv  20-in 
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sheets,  owing  to  the  greater  number  of  seams;  hence,  more  tin,  solder,  deats 
and  work  are  required. 

How  a  Tin  Roof  Should  be  Laid  * 

The  Slope  of  the  Roof.  If  the  tin  is  laid  with  a  flat  seam  or  flat  lock,  the  roof 
should  have  an  incline  of  >i  in  or  more  to  i  f  t.  If  laid  with  a  standing  seam,  there 
should  be  an  incline  of  not  less  than  a  in  to  x  ft.  Although  tin  is  used  on  roofs  of 
less  pitch  than  this  and  on  some  which  are  almost  flat,  a  good  pitch  is  desirable 
to  prevent  the  accumulation  of  water  and  dirt  in  shallow  puddles.  Gutters, 
valleys,  etc.,  should  have  sufficient  incline  to  prevent  water  from  standing  in 
them  or  backing  up  far  enough  to  reach  standing  seams.  Tongued  and  grooved 
sheathing-boards  of  well-seasoned  diy  lumber  are  recommended.  Narrow 
widths  are  preferable,  and  the  boards  should  be  free  from  holes,  and  of  even  thick- 
ness. A  new  tin  roof  should  never  be  laid  over  old  tin,  rotten  shingles,  or  tar 
roofs.  Sheathing-paper  is  not  necessary  where  the  boards  are  laid  as  specified 
above.  If  steam,  fumes,  or  gases  are  likely  to  reach  the  under  side  of  the  tin, 
some  good  water-proof  sheathing-paper,  such  as  bbuJL  Neponset  paper,  shoukl  be 
used.  Tarred  paper  should  never  be  used.  No  nails  should  be  driven  through 
the  sheets. 

Flat-Seam  Tin  Rooflng.  When  the  sheets  are  laid  singly,  they  should  be 
fastened  to  the  sheathing-boards  by  cleats,  uang  three  to  each  sheet,  two  on  the 
long  side  and  one  on  the  short  side.  Two  x-in  barbed-wire  nails  should  be  used 
to  each  cleat.  If  the  tin  is  put  on  in  rolls  the  sheets  should  be  made  up  into  long 
lengths  in  the  shop,  and  the  cross-seams  locked  together  and  well  soaked  with 
solder.  They  should  be  edged  M  in,  and  fastened  to  the  roof  with  cleats  spaced 
8  in  apart,  and  the  cleats  locked  into  the  seam  and  fastened  to  the  roof  with  two 
x-in  barbed-wire  nails  to  each  cleat. 

Standing-Seam  Thi  Roofing.  The  sheets  should  be  put  together  in  long 
lengths  in  the  shop,  and  the  cross-seams  locked  together  and  well  soaked  with 
solder.  They  shoiild  be  applied  to  the  roof  the  narrow  way,  and  fastened  with 
cleats  spaced  x  ft  apart.  One  edge  of  the  course  is  turned  up  xVi  in  at  a  right 
angle,  and  the  cleats  are  installed.  The  adjoining  edge  of  the  next  course  is 
turned  up  iM  in,  and  these  edges  are  locked,  turned  over  and  the  seam  flattened 
to  a  rounded  edge. 

VaUeyi  and  Oattera.  These  should  be  lined  with  IX  tin,  and  fonned  with 
flat  seams,  the  sheets  being  applied  the  narrow  way.  It  is  important  to  see  that 
good  solder,  bearing  the  manufacturer's  name,  is  used,  that  it  is  guaranteed  one- 
half  tin  and  one-half  lead,  new  metals,  and  that  nothing  but  rosin  is  used  as  a 
flux.    The  solder  should  be  well  sweated  into  all  seams  and  joints. 

Paintbg.  All  painting  should  be  done  by  the  roofer.  The  tin  shouM  be 
painted  one  coat  on  the  under  side  before  it  is  applied  to  the  roof.  The  upper 
surface  of  the  tin  roof  should  be  carefully  cleaned  of  all  rosin-spots,  dirt,  etc.,  and 
immediately  painted.  The  approved  paints  are  metallic  brown,  Venetian  red, 
red  oxide,  and  red  lead,  mixed  with  pure  linseed-oil.  No  patent  drier  or  tur- 
pentine should  be  used.  All  coats  of  paint  should  be  applied  with  a  hand-brush, 
and  well  rubbed  on.  A  second  coat  should  be  applied  two  weeks  after  the  first 
and  a  third  coat  one  year  later. 

Caution.  No  unnecessary  walking  over  the  tin  roof,  or  use  of  it  for  storage  of 
materials,  should  be  allowed  at  any  time.    Workmen  should  wear  rubber-soled 

*  These  auggestkms  are  in  accordanoe  with  the  standaid  woiUng  specificatioaa  adopted 
by  the  Nalkmal  AModadon  of  Sheet  Metal  Cootracton. 
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shoes  or  overshoes  when  on  the  loof .    Wherever  the  slope  Is  steep  enough  the  tin 
should  be  laid  with  standing  seams,  which  allow  for  expansion  and  contraction. 

Sizes,  Weights,  Etc.,  of  Roofing-Tin* 

Roofing-tin  is  usually  furnished  in  two  sizes,  sheets  14  by  ao  in  and  38  by  30  in, 
packed  i la  sheets  to  the  box.  Target-and-Arzx>w  tin  is  furnished  in  three  thick- 
nesses: IC  thickness,  approximately  No.  30  gauge,  U.  S.  Standard;  IX  thickness, 
amirozimately  No.  28  gauge,  U.  S.  Standard;  2X  thickness,  approximately  No. 
27  gauge,  U.  S.  Standard,  etc.  Weight  per  100  sq  ft  laid  on  the  roof,  about  65  lb 
for  IC  thickness. 

Covexing  Capacity  of  Roofing-Tin 

flat-Seam  Tfan  Rooflng.  The  following  table  shows  the  quantity  of  14  by  20-in 
tin  required  to  cover  a  given  number  of  square  feet  with  flat-seam  tin  roofing.  A 
sheet  14  by  30  in  with  H  in  edges  measures,  when  edged  or  folded,  13  by  19, 
or  347  sq  in,  biit  its  covering  capacity  when  joined  to  other  sheets  on  the  roof 
is  only  12H  by  i8H  in,  or  231.25  sq  in.  In  the  following  table  each  fractional 
part  of  a  sheet  is  counted  a  full  sheet. 


No.  of  square  feet. 
Sheets  required... 

100 
63 

110 
69 

120 
75 

130 
81 

140 
88 

150 
94 

x6o 
100 

X70 
106 

X80 
112 

X90 
1x9 

200 
125 

No.  of  square  feet. 
Sheets  required... 

310 
131 

220 
137 

230 
144 

240 
ISO 

250 
156 

260 
162 

270 
169 

280 
X7S 

290 

181 

300 
X87 

3x0 
X93 

Na  of  square  feet. 
Sheets  required. . . 

320 
200 

330 

206 

34d 
2x2 

350 
2x8 

360 

224 

370 
231 

380 

337 

390 
243 

400 

349 

4x0 
356 

420 
362 

Na  of  square  feet. 
Sheets  required... 

430 

268 

440 

274 

4SO 
28X 

460 
387 

470 
393 

480 
399 

490 
305 

500 

3X3 

Sxo 
3X8 

530 

334 

530 
330 

No.  of  square  feet. 
Sheets  required... 

540 

337 

550 
343 

S60 
349 

570 
355 

580 
362 

S90 
368 

600 
374 

610 
380 

620 
386 

630 

393 

640 
399 

No.  of  square  feet. 
Sheets  required... 

6so 
40s 

660 
4IX 

670 
418 

680 
434 

690 

430 

700 
436 

710 
443 

730 
448 

730 
455 

740 
461 

750 
467 

No.  of  square  feet. 
Sheets  required . . . 

760 
474 

770 
480 

780 
4«5 

790 
493 

800 

499 

810 
50s 

820 
SIX 

830 
517 

840 
533 

850 
530 

860 
536 

No.  of  square  feet. 
Sheets  required... 

870 
542 

880 
548 

890 
554 

900 
S61 

910 
567 

920 
573 

930 
579 

940 
586 

9SO 
593 

9«o 

598 

970 

No.  of  square  feet. 
Sheets  required... 

980 
610 

990 
617 

xooo 

625 

1 
...   1 
...   , 

A  box  of  xxa  sheets  X4  by  20  in  laid  in  this  way  will  oovw  x8o  sq  ft. 

flat-Seam  Tfai  Roofing.  The  following  table  shows  the  number  of  28  by  20-in 
sheets  required  to  cover  a  given  number  of  square  feet  with  flat-seam  tin  roofing. 
The  flat  seams  edged  H  in  take  iVi  in  off  the  length  and  width  of  the  sheet.  The 
covering  capacity  of  each  sheet  is,  therefore,  26^  by  x8H  in,  or  490.25  sq  in.  In 
the  following  table  each  fractional  part  of  a  sheet  is  counted  a  full  sheet. 

*  The  following  tables  of  sises,  weights,  covering  capacities  and  costs  are  adapted  from 
ttsef al  daU  compiled  for  the  use  of  sheet-metal  workeis  by  the  N.  &  G.  Taylor  Company, 
PhUadelpfaia,  Pa. 
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No.  of  square  feet. 
Sheete  required . . . 

100 

30 

no 
33 

120 
36 

130 
39 

140 
42 

ISO 

45 

x6o 

47 

170 

so 

180 
S3 

190 

S6 

aoo 
59 

No.  of  square  feet . 
Sheets  required... 

2XO 
63 

220 
65 

230 

68 

240 

71 

2S0 

74 

360 

77 

270 

80 

280 

83 

290 

86 

300 
89 

310 
92  . 

No.  of  square  feet. 
Sheets  required . . . 

3» 
94 

330 

97 

340 
100 

3S0 

103 

360 
X06 

370 
X09 

380 

112 

390 

IIS 

40« 
XI8 

410 
121 

4ao  ; 
ia4  ' 

No.  of  square  feet. 
SheeU  required... 

430 

440 
130 

4SO 
133 

460 
136 

470 
139 

480 
141 

490 
144 

Soo 
147 

SIO 
ISO 

S20 

1S3 

S30   ' 
IS6 

No.  of  square  feet. 
Sheets  required . . . 

540 
IS9 

5SO 
163 

S6o 
165 

S70 
168 

S80 
171 

S90 
174 

600 
177 

6x0 
x8o 

620 
183 

630 
186 

640 
18S 

No.  of  square  feet. 
Shecta  required . . . 

650 
191 

660 

194 

670 
197 

680 
200 

690 

203 

700 
206 

710 
209 

720 
2x2 

730 

2X5 

740 
2x8 

753 

231 

No.  of  square  feet. 
Sheets  required. . . 

760 
224 

770 

237 

780 
230 

790 
233 

800 
235 

8x0 
238 

830 

241 

830 
244 

840 
247 

8so 
250 

86c   , 

No.  of  square  feet. 
Sheets  required... 

870 
256 

8S0 
259 

890 
262 

900 
265 

910 
268 

930 

271 

930 
274 

940 
277 

950 

3B0 

960 

283 

970! 

No.  of  square  feet. 
Sheets  required . . . 

980 
28S 

990 

291 

1000 
294 

... 

>    .-,..J 

1 

;::  1 

A  box  of  1x2  sheets  38  by  30  in  laid  in  this  way  win  cover  381  sq  ft. 


Stendinc-Seom  Tin  Roofing.  The  following  table  shows  the  number  of  14  by 
20-in  sheets  required  to  cover  a  given  number  of  square  feet  with  standing-seam 
roofing.  The  standing  seams,  edged  iH  and  iH  in,  take  2^  in  off  the  width; 
and  the  flat  cross-seams,  edged  H  in,  take  i  ^  in  off  the  length  of  the  sheet.  The 
covering  capacity  of  each  sheet  is,  therefore,  xiH  by  x8H  in,  or  212.34  sq  in.  In 
the  following  table  each  fractional  part  of  a  sheet  is  counted  a  full  sheet. 


No.  of  square  feet 
Sheets  required . . . 

xoo 
68 

IIO 

75 

X20 
82 

.... 

130 
89 

X40 
95 

150 
102 

x6o 
109 

170 
116 

x8o 

123 

190 
129 

aoo 

136 

No.  of  square  feet. 
Sheets  required.. . 

2X0 
143 

220 
150 

230 
156 

240 

163 

250 
X70 

36o 

177 

370 
184 

360 
xgo 

290 
197 

300 

3Q4 

3.0 

3X1 

No.  of  square  feet 
Sheets  required. . . 

320 

2X8 

330 
224 

340 

«3I 

350 
238 

360 
245 

370 
251 

380 
258 

390 
265 

400 
271 

4X0 
279 

430 

285 

No.  of  square  feet. 
SheeU  required... 

430 
292 

440 
299 

450 
306 

460 
312 

470 
319 

480 
326 

490 
333 

500 
340 

510 
346 

S»o 

353 

530 
360 

No.  of  square  feet . 
Sheets  required.. . 

540 
367 

550 
374 

S6o 
379 

570 
387 

580 
393 

590 
40X 

600 
407 

610 
414 

630 

42X 

630 
428 

640 
435 

No.  of  square  feet. 
Sheets  required... 

650 
441 

660 

447 

670 
455 

680 
462 

6qo 
466 

700 
475 

710 
482 

720 
4B9 

730 

495 

740 
SOI 

750 
509 

No.  of  square  feet. 
Sheets  required . . . 

760 
515 

770 
523 

780 
S29 

790 
536 

800 
543 

810 

SSO 

830 
557 

830 
563 

840 
570 

850 
577 

860 

584 

No.  of  square  feet. 
Sheets  required. .. 

870 
590 

880 
597 

890 
604 

900 
611 

910 
618 

930 
623 

930 
630 

940 
637 

950 
644 

960 

6SI 

970 
«SB 

No.  of  square  feet. 
Sheets  required... 

980 
665 

990 
672 

xooo 

679 

... 

... 

... 

... 

... 

::;, 

A  box  of  112  sheets  14  by  20  in  hud  in  this  way  will  cover  165  sq  fL 
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Staadiog-Seom  Tin  Roofing.  The  fonowing  table  shows  the  number  o{  28  by 
3o-in  sheets  required  to  cover  a  given  number  of  sqiiare  feet  with  standing-seam 
roofing.  The  standing  seams  take  iH  in  off  the  width,  and  the  flat  cross-seams, 
edged  H  in,  take  xH  in  off  the  length  of  the  sheet.  The  coveting  capacity  of 
each  sheet  is,  therefore,  26H  by  17  K  in,  or  4^3-59  SQ  in*  In  the  following  table 
each  fractional  part  of  a  sheet  is  counted  a  full  sheet. 


No.  of  square  feet. 
Sheets  required.. . 

100 
32 

no 
35 

120 
38 

130 
41 

140 
44 

xso 
47 

x6o 
SO 

170 

53 

1 

x8o 
S6 

190 
59 

200 

62 

No.  of  square  feet. 
Sheets  required... 

210 
6s 

220 
68 

230 

71 

240 
74 

250 
77 

260 
80 

270 
84 

280 

87 

290 

90 

300 
94 

3x0 
97 

No.  of  square  feet. 
Sheets  required... 

320 

100 

330 
103 

340 
106 

350 
109 

360 
XI2 

370 
ixs 

380 
1x8 

390 

X2I 

400 

I2S 

410 
128 

420 
131 

No.  of  square  feet. 
Sheets  required... 

430 
134 

440 
137 

4S0 
141 

460 
144 

470 
147 

480 
150 

490 
153 

500 
IS6 

510 
159 

520 

X62 

530 
I6S 

No.  of  sqtiare  feet. 
Sheets  required. . . 

S40 
168 

SSO 
171 

560 
174 

570 
177 

S80 

x8o 

590 
184 

600 
187 

610 
190 

620 
193 

630 
196 

fi40 
199 

No.  of  square  feet. 
Sheets  required... 

6so 
202 

660 
205 

670 
206 

680 
211 

690 

214 

700 
218 

710 

22X 

720 
224 

730 
227 

740 
230 

7S0 
233 

No.  of  square  feet. 
Sheets  required... 

760 
236 

770 
239 

780 
242 

790 
245 

800 
249 

810 
252 

820 
255 

830 
258 

840 
26X 

8SO 
26s 

800 

268 

No.  of  square  feet. 
Sheets  required. . .' 

870 
271 

880 
274 

890 
277 

900 
280 

910 
383 

920 
286 

930 
389 

940 
292 

950 
296 

960 
299 

970 

302 

No.  of  square  feet. 
Sheets  xequtred . . . 

980 
305 

990 
308 

... 

... 

A  box  of  XX2  sheets  28  by  20  m  laid  in  this  way  will  cover  360  sq  ft. 

Lajring  the  Long  or  Short  Way.  Sheets  14  by  20  in  can  be  laid  either  the 
long  or  short  way.  The  best  roof  is  made  by  laying  the  sheets  the  14-in  way; 
similarly,  in  using  the  28  by  20-in  sheets,  they  should  always  be  laid  the  20-in 
way,  that  is,  with  the  short  dimension  crosswise. 

Coat  of  Roofing-Tin 

Coet  of  Tin  for  Standinc-Seam  Roofing 

Sheets  28  by  ao  in.    Price  per  box  and  per  square  fioot 


When  tin  costs 

—' 

per  box 

Six. 00 

Six. SO 

1X2.00 

$12.50 

ti3.oo 

$13.50 

$14  00 

$1450 

$1500 

$1550 

Standing-seam 

roofing  costs 

pcrsqft 

0.0297 

0.Q3X0 

0.Q324 

0.0337 

O.Q35X 

0.0364 

0.0378 

O.Q39I 

0.0404 

0.04x8 

When  tin  costs 

per  box 

16.00 

16.50 

17.00 

17.  SO 

18.00 

18.50 

19.00 

1950 

20.00 

20.50 

Standing-seam 

roofing  costs 

pcrsqft 

0.0432 

0.0446 

0.0459 

0.0473 

0.0486 

0.G600 

0.05x3 

0.0526 

0.0540 

0.0553 

When  tin  costs 

per  box 

21. 00 

2X.50 

22.00 

22.50 

23.00 

2350 

24.00 

2450 

2500 

Standing-seam 

roofing  costs 

pcrsqft 

0.0567 

0.0580 

O.OS94 

0.0607 

0.0621 

0.0634 

0.0648 

0.066X 

0.0675 

The  above  estimates  do  not  include  cost  of  laying.  The  cost,  using  14  by  20-iD  sheets, 
will  amount  to  about  25%  more  than  the  cost,  using  28  by  ao4n  sheets,  owing  to  the 
greater  number  of  seams.    More  tin,  solder,  cleats  and  work  are  tnen^ore  neceasary. 

Digitized  by  VjOOQIC 


iao8 


Memoranda  on  Roofing 


Part  3 


Tin  in 
Number  oC  sheets  required  per 


or  Outtar-StiipB 
linear  foot  for  so  and  98-in  widths 


Widths 

Widths 

Widths 

Hun- 

Widths 

1 

Peet 

Feet 

Peet 

drad 

1 

1 

30 

28 

30 

38 

30 

38 

feet 

30 

a6 

1 

.1 

I 

I 

35 

16 

23 

69 

31 

44 

3 

89 

ia8 

1 

3 

36 

16 

23 

70 

32 

45 

3 

134 

192 

3 

37 

17 

24 

71 

32 

45 

4 

178 

2S6   t 

3 

38 

17 

24 

72 

32 

46 

5 

323 

320  1 

4 

39 

18 

25 

73 

33 

47 

6 

267 

384 

4 

40 

18 

36 

74 

33 

47 

7 

312 

444 

5 

41 

19 

27 

75 

34 

48 

8 

356 

513 

S 

A2 

19 

27 

76 

34 

48 

9 

401 

576 

6 

43 

30 

38 

77 

35 

49 

10 

445 

640 

10 

7 

44 

30 

26 

78 

35 

SO 

II 

495 

704 

IX 

7 

4S 

30 

29 

79 

36 

SO 

12 

540 

7« 

13 

8 

46 

31 

29 

80 

36 

51 

13 

585 

832 

13 

9 

47 

31 

30 

81 

36 

53 

14 

630 

896 

14 

9 

48 

33 

31 

83 

37 

52 

IS 

675 

960 

IS 

10 

49 

33 

31 

83 

37 

S3 

16 

730 

I  024 

16 

IX 

SO 

33 

32 

84 

38 

54 

17 

765 

1088 

17 

II 

SI 

33 

33 

85 

38 

54 

18 

810 

IIS2 

18 

13 

S3 

34 

33 

86 

39 

55 

19 

855 

I9l6 

19 

13 

S3 

34 

34 

87 

39 

55 

ao 

900 

laSo 

30 

13 

S4 

34 

34 

88 

40 

56 

21 

945 

1344 

31 

14 

5S 

3S 

35 

89 

40 

57 

23 

990 

1408 

23 

14 

S6 

35 

36 

90 

40 

57 

23 

IQ35 

1473 

33 

IS 

57 

26 

36 

91 

41 

58 

24 

1080 

1536 

34 

16 

58 

36 

37 

92 

41 

59 

25 

II3S 

1600 

2S 

16 

59 

37 

38 

93 

42 

59 

26 

I  170 

I6d4 

26 

17 

60 

37 

38 

94 

42 

60 

27 

I  315 

1738 

37 

18 

61 

38 

39 

95 

43 

61 

38 

1360 

1792 

38 

18 

63 

38 

40 

96 

43 

63 

29 

13OS 

I8s6 

39 

19 

63 

28 

40 

97 

44 

62 

30 

1350 

I  920 

30 

19 

64 

39 

41 

98 

44 

63 

31 

I  395 

1984 

31 

30 

6S 

39 

41 

1  99 

44 

64 

32 

1440 

2048 

32 

31 

66 

30 

42 

j  100 

4S 

64 

33 

X485 

2  112 

33 

31 

67 

30 

43 

34 

1530 

2176 

34 

33 

68 

31 

43 

'  .  • . . 

...:  1 

35 

1575 

2^40 

Cost  of  Tin  in  Rolls  or  Gutter-Strips 
Labor,  solder,  paint,  rosin  and  other  materials  not  included 
A  box  of  ixa  sheets  in  38-in  roll  will  cover  175  Hn  ft 
A  box  of  XI3  sheets  in  3o4n  roll  will  cover  348  lin  ft 
A  box  of  XX  a  sheets  in  X4-in  roll  will  cover  350  lin  ft 
A  box  of  xxa  sheets  in  xo-in  roll  wiU  cover  496  lin  ft 


Cost  per  box  (28  by  20  in) 

Cost  per  linear  foot,  38  in  wide 
Cost  per  linear  foot,  30  in  wide 

Cost  per  box  (38  by  30  in) 

Cost  per  linear  foot.  38  in  wide, 
Cost  per  linear  foot^  30  in  wide. 


Sxo.oo 
O.OS7I4 
0.04032 


IlI.OOJ  $13.00 
0.06385 1 0.068S6 
0.04435,0.04838 


I13OO 

0.07426 
0.05241 


81400 
0.07998 
0.05644 


fiSoo 
0.08569 
0.06047 


S16.00 
0.09149 
o 


.064500 


$17.00 
0.097x1 

06853 


$18.00 

0.I0383 
0.07356 


$19  00 
O.IOB53 
0.07659 


$90.00 
O.XI424 
0.08062 


y  Google 


Slag  add  OiaVd  Roofing  1500 

Tin  in  Rollt«  For  the  convenience  of  roofers  and  for  rush^ordersi  Tatf  et^aikl^ 
Arrow  tin  is  put  up  in  rolls  14,  20  and  28  in  wide.  Each  roll  contains  xo8  sq  ft 
(about  63  lin  ft,  28  by  20-in  sheets  laid  20  in  wide).  The  tin  is  painted  on  one 
or  both  sides,  as  wanted,  with  good  metallic  brown  paint.  Seams  are  carefully 
soldered  by  hand,  good  xoo  to  100  solder  and  rosin  being  used  as  a  flux. 

Slag  or  Gravel  Roofing 

The  Ordinary  Gravel  Roofing  *  over  boards  is  formed  by  first  covering  the 
surface  of  the  roof  with  dry  felt  (paper)  and  over  this  laying  three,  four,  or  five 
layers  of  tarred  or  asphaltic  felt  lapping  each  other  lilce  shingles,  so  that  only 
from  6  to  xo  in  of  each  layer  are  exposed.  In  laying  roofs  over  concrete  the  dry 
felt  is  omitted,  a  mopping  of  pitch  is  placed  directly  on  the  concrete  and  the  first 
layer  of  the  felt  embedded  in  it. 

'  FUshing  against  walls,  chimneys,  curlis  of  skylights,  etc.,  is  done  by  turning 
the  felt  up  6  in  against  the  walls.  Over  this  is  laid  an  8-in  strip  with  half  its 
width  on  the  roof.  The  upper  edge  of  the  strip  and  of  the  several  layers  of  felt  is 
then  fastened  to  the  walls  by  nailing  wooden  strips  or  laths  over  the  felt  and  into 
the  waUs.  Metal  flashings  to  protect  the  felt  are  better  than  the  wooden  strips 
and  should  be  used  when  possible.  At  the  eaves  and  on  all  exposed  edges, 
metal  gravel-stops  should  be  used. 

A  Better  Method  of  Slag  or  Gravel  Roofing  b  to  lay  two  plies  of  tarred  felt, 
lapping  each  other  17  in,  and  then  spreading  a  coat  of  pitch  over  the  entire  roof. 
On  this  again  three  more  layers  of  felt  are  laid  and  then  coated  with  pitch,  into 
which  the  crushed  slag  or  screened  gravel  is  embedded. 

Spedflcationa  for  Pitch-Slag  or  Gravel  Roofing.  The  following  specifi- 
cation-notes t  describe  the  latter  method  more  in  detail  and  also  the  materials 
that  should  be  used  to  secure  a  first-class  job.  These  roofs  are  most  efficient  and 
durable  on  comparatively  flat  inclines.  The  usual  built-up  roof  consists  of  suc- 
cessive layers  of  saturated  felt  cemented  together  and  surfaced  with  coal-tar 
pitch  or  asphalt,  into  which  is  embedded  the  gravel  or  slag.  Tile  is  also  used  as  a 
surfacing  nuiterial.  The  saturants  used  in  the  felt  are  generally  coal-tar  or 
asphalt-compounds. 

(x)  Speciflcation  for  Pitch-Slag  or  Pitch-Gravel  Rooflng  Over  Wooden 

Rh— ♦King 

This  specification  should  not  be  used  when  the  roof-incline  exceeds  3  in  to  i  ft. 

Lay  one  thickness  of  sheatlung-paper  or  unsaturated  felt  weighing  not  less 
than  5  lb  per  100  sq  ft,  lapphig  the  sheets  at  least  1  in. 

Over  the  entire  surface  lay  two  plies  t  of  tarred  felt,  lapping  each  sheet  17  in 
over  the  preceding  one,  and  nail  as  often  as  is  necessary  to  hold  them  in  place 
until  the  remaining  fdt  is  laid. 

Coat  the  entire  surface  uniformly  with  pitch. 

*  For  specifications  for  ordinary  gravd  roofing,  including  flashing,  tee  page  767  in 
Buikiing  Constnictbn  and  Superintendence,  Part  II.  Carpenters'  Work,  by  F.  E.  Kxider. 

t  Condensed  and  adapted  from  specifications  published  by  the  Barrett  Manufacturing 
Company  and  known,  in  their  full  form,  as  "The  Barrett  Spedficatkms."  They  can  be 
obtained  from  the  manufacturen. 

t  In  the  Western  States  the  number  of  "plies"  is  construed  to  mean  the  total  number 
of  layers,  including  dry  as  wdl  as  saturated  felt,  and  the  terms  3-ply.  5-ply,  etc.,  are  here- 
inafter used  on  that  basis.  In  the  Eastern  States,  3-ply,  5-pIy.  etc.,  usually  refers  to  the 
number  o(  layers  of  saturated  felt.  The  total  number  of  layers  should  always  be  specified 
if  then  is  any  doubt  as  to  the  exact  meaning  of  the  teem  as  used  in  the  t pecificatioDB, 

Digitized  by  VjOOQIC 


1510  Memoranda  on  Roofing  Part  3 

Over  the  entire  surface  lay  three  plies  of  tarred  felt,  lapiung  each  she^  22  in 
over  the  preceding  one  and  mopping  with  pitch  the  full  23  in  on  each  sheet,  so 
that  in  no  place  felt  touches  felt.  Do  such  nailing  as  is  necessary  so  that  all  nails 
are  covered  by  not  less  than  two  plies  of  felt. 


Diagram  of  Gravel  or   Slag  Roofing  on     Diagram  of  Gravel  or  Slag  Roofing  on 
Wooden  Sheathing  Concrete  Base 

Spread  over  the  entire  surface  a  uniform  coating  of  pitch,  into  which,  while 
hot,  embed  not  less  than  400  lb  of  gravel  or  300  lb  of  slag  to  each  100  sq  ft.  The 
grains  of  the  gravel  or  slag  are  to  be  from  M  to  H  in  in  size,  and  dry  and  free  from 
dirt. 

The  roof  may  be  inspected  before  the  gravel  or  slag  is  applied,  by  cutting  a  sHt 
not  less  than  3  ft  long  at  right-angles  to  the  direction  in  which  the  felt  b  laid. 
All  felt  and  pitch  is  to  bear  the  manufacturer's  label. 

(2)  Specification  for  Pitch-Slag  or  Pitch-Gravel  for  Roofing  over  Concrete 

This  specification  should  not  be  used  when  the  roof-incline  exceeds  3  in  to  the 
foot.  When  the  incline  exceeds  x  in  to  i  ft  the  concrete  must  permit  of  nailing  or 
nailing-strips  must  be  provided. 

Coat  the  concrete  uniformly  with  hot  pitch. 

Over  the  entire  surface  lay  two  plies  of  tarred  felt,  lapping  each  sheet  17  in 
over  the  preceding  one,  mopping  with  pitch  the  full  17  in  on  each  sheet,  so  that 
in  no  place  felt  touches  felt. 

Coat  the  entire  surface  uniformly  with  pitch. 

Over  the  entire  surface  lay  three  plies  of  tarred  felt,  lapping  each  sheet  22  in 
over  the  preceding  one  and  mopping  with  pitch  the  full  22  in  on  each  sheet,  so 
that  in  no  place  felt  touches  felt. 

Sproad  over  the  entire  surface  a  uniform  coating  of  pitch,  into  which,  whik 
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boC,  embed  not  less  than  400  lb  of  gravel  or  300  lb  of  slag  to  each  xoo  sq  ft.  The 
grains  of  the  gravel  or  slag  are  to  be  from  H  to  H  in  in  size,  and  diy  and  free  from 
dirt. 

The  roof  may  be  inspected  before  the  gravel  or  slag  is  applied,  by  cutting  a  slit 
not  less  than  3  ft  long  at  right-angles  to  the  direction  in  which  the  felt  is  laid. 
AU  felt  and  pitch  is  to  bear  the  manufacturer's  label. 

Notea  on  Slag  and  Gravel  Roofing.  The  difference  between  slag  and  gravel 
roofing  is  that  for  the  former  crushed  slag  is  used  instead  of  gravel.  The  greater 
the  number  of  plies  of  tarred  felt,  the  greater  the  amount  of  pitch  that  it  is  prac* 
tical  to  use,  and  it  is  the  pitch  that  gives  life  to  the  roof.  As  there  are  several 
different  weights  and  qualities  of  tarred  felt,  a  specification  should  state  either 
the  minimum  weight  per  100  sq  ft,  single  thickness  (the  most  practical  weight  is 
from  14  to  x6  lb),  or  some  known  quality,  such  as  Barrett's  '*  Specification  Tarred 
Felt."  Fdt  weighing  less  than  12  lb  per  too  sq  ft  is  not  economical  even  on  the 
cheaper  work.  To  comply  with  the  Barrett  specification  the  materials  neces- 
sary for  each  xoo  sq  ft  of  completed  roof  are  approximately  as  follows: 


Over  boards 

Material 

Oyer  concrete 

xoSsqft 
Soto  8s lb 
X20  to  x6o  lb 
400  lb 
300  lb 

Shttathing-paper 

Specification  tarred  felt 

Specification-pitch 

Gravel 

Slag 

None 

Soto  8s  lb 
180  to  22s  lb 

400  lb 
300  lb 

In  estimating  felt,  the  average  weight  is  practically  is  lb  per  100  sq  ft,  single 
thickness,  and  about  10%  additional  is  required  for  laps.  In  estimating  pitch 
the  weather-conditions  and  expertness  of  the  workmen  will  affect  the  amount 
necessary  for  the  moppings  and  for  a  proper  embedding  of  the  gravel  or  slag.  As 
there  are  several  qualities  of  pitch,  a  specification  should  either  specify  it  by 
name,  such  as  "Specification-Pitch"  or  "Straight-Run  Coal-Tar  Pitch,"  or  in 
specifying  asphalt-pitch,  the  brand  or  origin  should  be  plainly  defined.  The 
use  of  an  under-layer  of  sheathing-paper  next  to  board-sheathing  b  mainly  for 
the  purpose  of  preventing  any  pitch  whkh  might  penetrate  the  fdt  from  cement* 
ing  the  roofing  to  the  sheathing.  It  is  also  of  value  in  preventing  the  drying  out 
of  the  roof  from  bdow  through  open  joints.  Where  a  less  expensive  roof  is  de- 
sired, four  plies  or  three  plies  of  saturated  fdt  may  be  used.  With  the  four  plies 
there  should  be  used  from  90  to  100  lb  of  pitch  per  100  sq  ft  of  completed  roof; 
and  with  the  three  plies  from  70  to  80  lb  of  pitch. 

Durability  of  Slag  or  Gravel  Roofs.  These  roofs,  mentioned  in  the  pre- 
ceding paragraph,  will  last  from  five  to  ten  years,  or  even  longer,  depending  upon 
the  quaJity  of  the  materials  used  and  the  care  with  which  they  have  been  applied. 
Roofing  put  on  strictly  as  provided  for  in  the  standard  spedfications  will  last 
twenty  years  or  more,  and  ff  a  tile  surface  is  used,  instead  of  gravd  or  slag,  the 
roofing  will  last  as  long  as  the  structure  itself. 

Resistance  to  Fire,  Add-Fnmes,  Etc.  The  fire-resisting  properties  of  the 
slag  or  gravel  roof  are  due  prindpally  to  the  incombustible  material  on  the  sur- 
face. It  is  clahned  that  the  gravel  or  slag  tends  to  prevent  the  successive  layers 
of  felt  and  pitch  from  burning  and  the  whole  mass  has  a  blanketing  influence  on 
fires  originating  within  the  building.  Some  carefully  conducted  tesU  seem  to 
indicate  that  gravd  roofing  protects  a  wooden  roof  better  than  tin.  The  general 
effect  of  a  fire  upon  gravd  roofing  is  to  soften  the  pitch  or  asphalt  in  the  roofing. 
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to  bum  out  the  inflammable  oil  in  them  and  to  cause  the  residue  to  swell  and  fonn 
a  porous,  incombustible  coke.  This  type  of  roofing  is  not  attacked  by  corrosive 
gases  or  add-fumes,  and  is  used  extensively  on  railroad-roundhouses  and  other 
structures  where  the  conditions  are  particularly  severe.  Coal-tar  or  tar-oH 
should  not  be  added  to  the  pitch  to  soften  it. 

Guarantee.    Roofers  generally  give  a  five-year  guarantee  with  gravd  roofs. 

Coat  of  Pitch-Slag  or  GraYol  Roofing.  The  cost  of  this  type  of  roofing 
varies  greatly,  depending  on  the  location,  size  and  quality  of  the  work,  the  ex- 
tremes being  approximately  $2.50  and  $3.50  per  square  for  three-[dy,  $3.50  and 
$4.50  per  square  for  four-ply,  and  S4.50  and  $7.00  per  square  for  five-ply  roofing. 

Aaphalt-GraYel  Roofing 

Asphalt-Gravel  or  Asphalt-Slag  Roofing  differs  from  coal-tar  roofing  princi- 
pally in  the  substitution  of  asphalt  or  asphaltic  cement  for  the  coal-tar  pitch,  for 
saturating  the  felt  as  well  as  for  moppmg  and  surface-coating.  It  is  dahned  that 
the  oils  of  asphalt  do  not  evaporate  as  quickly  as  do  those  of  coal-tar  pitch  under 
ordinary  temperatures  and  that  therefore  the  flexibility  and  life  of  asphaltic  felts 
and  coatings  are  not  as  quickly  destroyed.  As  a  matter  of  fact,  asphalt  roofs  do 
not  always  last  bnger  than  some  coal-tar  roofs,  but  the  chances  are  that  they 
will  last  fully  as  long  and  possibly  longer,  depending  upon  the  quality  of  the 
materials  and  the  workmanship.  The  asphalt  used  for  roofing  is  obtained  prin- 
cipally from  the  ishmd  of  Trinidad. 

Specifications  for  Asphalt  Roofing.*  The  following  specifications  were 
prepared  by  the  above-named  company  and  are  for  Warren's  heavy  standard 
Anchor-brand  roofing.  The  manner  of  laying  the  felting  differs  from  that  ordi- 
narily employed  for  coal-tar  roofing. 

(z)  Specification  for  Asphalt-Gravel  Roofing  Over  Wooden  Sheathing 

Cover  the  roof  with  two  thicknesses  of  Warren's  Composite  roofing-felt, 
manila-paper  side  down,  lapping  each  sheet  17  in  over  the  preceding  one,  and 
securing  with  nails  through  tin  discs  about  iH  ft  apart. 

Over  the  entire  suriace  of  the  Composite  felt  thus  laid,  mop  an  even  coating 
of  Warren's  Anchor  Brand  roofing-cement,  into  which,  while  hot,  lay  one  thick- 
ness of  Anchor  Brand  felt,  lapping  each  sheet  at  least  2  in  over  the  preceding  one, 
sticking  these  laps  thoroughly  with  hot  roofing-cement  and  securing  with  naib 
through  tin  discs. 

Over  this  first  sheet  of  felt,  mop  again  an  even  coating  of  cement,  and  over  this 
lay  a  second  sheet  of  felt  having  the  h&ps  come  in  the  middle  of  the  first  sheet  of 
felt  imdemeath,  sricking  the  a-in  laps  as  before  and  securing  with  nails  through 
tin  discs  about  iVzin  from  the  upper  edge  of  the  sheet. 

Over  the  entire  surface  of  the  felt  thus  prepared,  spread  an  even  coating  of  the 
cement,  covering  it  immediately  with  a  sufficient  body  of  well-screened,  dry 
gravel  or  crushed  slag. 

If  the  roofing  b  applied  in  cold  weather  the  gravel  or  slag  must  be  heated. 

(a)  Specification  for  Asphalt-Gravel  Roofing  Over  Concrete 

The  concrete  foundation  is  to  be  smooth  and  perfectly  graded  to  cany  the 
water  to  the  outlets  or  gutters. 
Over  the  entire  surface  of  the  concrete  first  mop  an  even  coating  of  Warren's 

*  The  asphah-roofing  materiab  manofactured  by  the  Warren  Chemical  &  Maiia- 
facturing  Company  of  New  York  have  been  used  for  many  years  and  have  given  good 
latiafaction. 
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Eclipfie  Asphalt  cement,  into  which,  while  hot,  lay  two  thicknesses  of  Warren's 
Andior  Brand  roofing-felt,  lapping  each  sheet  17  in  over  the  sheet  preceding. 

Mop  back  for  the  full  width  between  the  laps  of  the  felt  thus  laid,  with  War- 
ren's Anchor  Brand  roofing-cement. 

Over  the  entire  exposed  surface  of  the  felt  mop  an  even  coating  of  said  cement, 
into  which,  while  hot,  lay  a  third  thickness  of  the  felt,  lapping  each  s^eet  at  least 
2  in  over  the  sheet  preceding,  and  sticking  these  laps  thoroughly  with  hot  roofing- 
cement. 

Over  this  third  sheet  of  felt,  mop  an  even  coating  of  cement  and  over  this  lay  a 
fourth  sheet  of  fel ,  having  the  laps  come  in  the  middle  of  the  sheet  imderneath, 
and  sticking  the  a-in  la]»  as  before. 

Over  the  entire  surface  of  the  felt  thus  prepared,  spread  an  even  coating  of  the 
cement,  covering  it  inunediately  with  a  sufficient  body  of  well-screened,  dry 
gravel  or  crushed  slag. 

If  the  roofing  is  applied  in  cold  weather,  the  gravel  or  slag  must  be  heated. 

Cost  of  Asphalt-OfftYel  or  Slag  Roofing.  Asphalt-gravel  roofing  costs  a 
little  more  than  pitch-gravel  roofing  of  the  same  grade.  (See  Cost  of  Pitch- 
Slag  or  Gravel  Roofing,  page  15x2.) 

Roof-Incline.*  Asphalt-gravel  or  asphalt-slag  roofing  should  not  be  applied 
to  roofs  which  are  steep  enough  to  make  the  material  run  in  hot  weather.  The 
manufacturers  of  various  roofings  will  guarantee  the  permanency  of  their  roofings 
for  certain  maximum  slopes. 

Prepared  Roofing.  There  is  a  large  number  of  so-called  prepased  roofings 
or  READY  ROOFINGS,  which  are  made  by  cementing  together  two,  three,  or  more 
layers  of  saturated  felt  or  felt  and  burlap  and  then  coating  the  combination  either 
with  a  hard  solution  of  the  same  cementing  material,  or  with  hot  pitch  or  asphalt 
into  which  is  embedded  sand  or  fine  gravel.  These  roofings  are  commonly  put 
up  in  rolls  36  in  wide  and  are  applied  by  lapping  the  strips  2  in  with  a  coat  of 
cementing  material  between,  and  nailing  every  2  or  3  in  with  tin-capped  roofing- 
nails.  A  sufficient  quantity  of  cement,  nails  and  tin  caps  is  packed  in  the  middle 
of  the  rolls.  The  particular  advantage  of  these  roofings  is  that  no  previous  expe- 
rience is  required  for  laying  them  and  no  kettles  are  required;  for  this  reason  they 
are  extensively  used  in  the  country,  and  on  railroad-shops,  factories,  and  mill- 
buildings.  In  cities  there  is  no  particular  advantage  in  using  them  except  for 
roofs  that  are  too  steep  for  coal-tar  pitch,  as  they  cost  on  the  roof  about  the  same 
as  good  gravel  roofing.  Many  of  these  prepared  roofings  are  as  durable  under  or- 
dinary conditions  as  the  light-weight  gravel  roofs.  In  Colorado,  however,  it  has 
been  found  that  they  are  badly  damaged  by  severe  hail-storms,  probably  owing 
to  the  lack  of  the  protecting  gravel.  For  roofs  having  a  rise  of  i  in  or  more  to 
the  foot,  these  roofings  make  economical  and  durable  roofs,  and  for  some  build- 
ings are  to  be  preferred  to  other  materials. 

Corrugated  Iron  and  Steel  Sheets 

Corrugated  Sheets  of  iron  and  steel  are  very  extensively  used  for  the  roofing 
and  siding  of  mills,  sheds,  grain-elevators  and  warehouses.  The  best  grades  of 
corrugated  sheets  are  now  made  of  double-refined  box-annealed  iron  or  steel.f 

*  The  Editor  has  been  notified  by  the  Warren  Chemical  &  Manufacturing  Company. 
New  Yorkt  that  when  put  on  according  to  their  directbns.  their  Anchor  Brand  roofing  has 
been  sQCceasfully  used  on  relatively  steep  suriaces  where  the  slope  was  as  high  as  9  in  to  the 
foot. 

t  It  b  claimed  that  "the  life  of  a  genuine  puddled-iron  sheet  when  exposed  only  to 
the  pure  air  and  natural  elements  b  from  five  to  eight  times  longer,  and  when  exposed  to 
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The  comigations  are  usually  made  lengthwise  of  the  sheet,  either  by  passiog 
them  through  rolls  or  by  pressing  the  plain  sheets  in  a  press  made  to  give  the 
desired  corrugations.  It  is  claimed  that  the  latter  method  gives  the  more  per- 
fect and  uniform  corrugations.  The  weight  and  thickness  of  the  metal  is  rep- 
resented by  the  gauge-number  of  the  black  sheets  from  which  the  corrugated 
sheets  are  made.  The  standard  gauge*  for  sheet  iron  and  steel  in  this  country 
is  that  established  by  act  of  Congress,  March  3, 1893. 

Gauges.  The  following  table  gives  the  weights  and  thicknesses  of  the  differ- 
ent gauges,  from  No.  7  to  No.  30,  for  flat  black  sheets.  The  gauge  extends 
from  No.  7-0,  H  in  thick,  up  to  No.  40, 0.005469  in  thick,  but  sheet  steel  is  not 
commonly  made  thinner  than  No.  30,  and  above  Ms  in,  the  thickness  is  gener- 
ally designated  by  fractions  of  an  inch.  Section  3  of  the  act  of  Congress  pro- 
vides that  in  the  practical  use  and  application  of  this  gauge,  a  variation  of 
2H%  dther  way  may  be  allowed. 


United  States  Standard  Oaofs  for  Sheet  Iron  aad  Stsel 

Num- 
berof 

Thicknoaes 

Weights 

Approximftte 

Approximate 

Weight  per 

Weight  per 

gauge 

thickness  in 

thickness  in 

sqtiarefoot 

square  foot 

fractions  of 

decimal  parts 

in  ounces. 

in  pounds 

an  inch 

of  an  inch 

avoirdupois 

7 

Me 

0x875 

xao 

7.5 

8 

»H4 

0.X71875 

no 

6.87s 

9 

H« 

o.xs6as 

xoo 

6.as 

10 

W4 

90 

S.6a5 

XX 

H 

o.ias 

80 

5.0 

la 

^A 

0.10937s 

70 

4375 

13 

Ha 

0.09375 

60 

375 

14 

Ha 

o.o78xa5 

SO 

3X25 

IS 

Mat 

0.0703x25 

45 

3.8xas 

x6 

H« 

0.0625 

40 

2-5 

17 

M«o 

o.os6a5 

36 

2.25 

18 

Ho 

o.os 

32 

a.o 

19 

Meo 

0.0437s 

aS 

X.7S 

ao 

Ho 

0.0375 

24 

vf.50 

ax 

^Hao 

0.034375 

aa 

.N^    r  375 

aa 

Ha 

o.o3xa5 

ao 

I. as 

as 

9iao 

o.oaSias 

18 

i.ias 

34 

Ho 

o.oas 

16 

I.O 

as 

Hao 

o.oai875 

14 

0.875 

a6 

Moo 

0.0x875 

xa 

0  75 

27 

»H40 

0.0171875 

XX 

0.6875 

28 

H4 

o.oi56a5 

xo 

0.625 

29 

H40 

0.0x40625 

9 

0.5625 

30 

Ho 

o.oxa5 

8 

0.5 

Galvanizing  the  Sheets  adds  approximately  2H  oz  per  sq  ft  to  the  above 
weights.  The  regular  sizes  of  the  corrugations  are  aH,  xH,  H  and  M«  in. 
measured  from  center  to  center.    Besides  these  sizes,  5-in,  3-in  and  2-in  comi- 

Bulphurous  and  other  gases  from  ten  to  twenty  times  longer,  than  a  sheet  of  steel  or  semi- 
steel  of  the  same  gauge,  or  a  light-gauge  sheet  made  from  pure  puddled  pfg-iroQ;  and  tfast 
It  will  wear  longer  than  steel  sheets  of  the  heaviest  gauges,  or  galvanized  sheets  of  tin 
same  gauge. " 

*  For  other  gauges,  aee  pages  403,  403,  X387, 1424  and  1426. 
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gations  are  made  by  one  or  two  corrugating  companies.  Corrugated  sheets  are 
carried  in  stock  in  4-ft,  s-ft,  6-ft,  7-ft,  8-ft,  9-ft  and  lo-ft  lengths.  Sheets  can 
be  obtained  as  long  as  12  ft  at  a  cost  of  5%  extra.  The  &-ft  length,  however,  is 
most  commonly  used.  The  width  of  the  sheets,  as  a  rule,  is  24  in  between  cen- 
ters of  the  outer  comigations,  so  that  the  covering  width  is  24  in  when  one 
corrugation  is  used  for  the  side  lap.  This  applies  to  all  sizes  of  corrugations,  all 
though  one  or  two  mills  make  wider  sheets.  The  2<in,  aH-m  and  3 -in  corrtigated 
sheets  are  made  in  all  gauges  from  No.  16  to  No.  28,  the  iH-in  corrugated  sheets 
from  No.  22  to  No.  28*  the  H-in  corrugated  sheets  from  No.  24  to  No.  28  and  the 
Me-in  corrugated  sheets  in  Nos.  26,  27  and  28  only.  No.  28  gauge  is  the  one  com- 
monly used  for  all  purposes.  The  sheets  are  generally  painted  with  a  red  mineral 
paint  before  shipping  and  galvanized  sheets,  also,  can  be  obtained  if  desired. 
All  corrugated  sheets  are  sold  by  the  square  (xoo  sq  It),  measuring  the  actual 
widths  and  lengths  of  the  corrugated  sheets. 

Corragated-StMl  Rooflng* 

Useftil  Data.  For  covering  roofs,  either  3-in,  2Vi-in,  or  2-in  comigations 
should  be  used,  the  iH-m  being  the  most  common  size.  The  thickness  or  gauge 
depends  upon  the  distance  between  the  supports  on  which  the  sheets  are  laid. 

Nos.  26  to  28  gauges  should  be  laid  on  close  sheathing,  or  strips  not  more 
than  from  x  to  2  ft  on  centers.  The  maximum  distances  between  supports  for 
other  gauges  should  be  as  follows:  t 

For  No.  24  gauge,  from  2  to  2 H  ft,  center  to  center. 

For  Nos.  22  and  20  gauge,  from  2  to  3  ft,  center  to  center. 

For  No.  18  gauge,  from  4  to  5  ft,  center  to  center. 

For  No.  16  gauge,  s  to  6  ft,  center  to  center. 

The  least  pitch  which  should  be  given  to  roofs  that  are  to  be  covered  with 
corrugated  sheets  is  3  in  to  the  foot,  and  for  trussed  roofs  it  is  not  desirable  to 


have  less  than  a  one-fourth  pitch  (6  in  to  the  foot).  When  laid  on  a  roof,  corru- 
gated sheets  should  have  a  lap  at  the  lower  end  of  from  3  to  6  in,  according  to 
the  pitch  of  the  roof.  For  a  ^  pitch,  a  3-in  lap  is  used;  for  a  V*  pitch,  a  4-in 
lap:  and  for  a  H  pitch,  a  s-in  lap.  For  the  side  lap  it  is  recommended  that 
each  alternate  sheet  be  laid  upside  down  and  lapped  as  shown  in  Fig.  1.  By 
this  method,  when  water  is  blown  through  the  first  lap,  it  will  stop  and  not  pass 
the  half  lap,  but  run  down  and  out  at  the  end  of  the  sheet.  A  great  deal  of 
roofing,  however,  is  laid  as  in  Fig.  2.  In  applying  to  sheathing  or  wooden  strips, 
the  sheets  are  secured  by  nailing  through  the  tops  of  the  comigations,  the  nail* 
being  driven  through  every  alternate  corrugation  at  the  ends,  and  about  8  in 

•  Much  practical  inforraatioa  Kgaiding  the  use  of  corrugated  sheets  on  milWbi^ 
ings,  with  many  dctallg,  b  oontaiaed  in  Steel  Mffl  BOHdijigs  and  in  the  Structural  £»- 
gineets'  Handbook,  by  Mile  S.  Ketcbmn.  . 

t  For  the  strength  of  coirugated  sheeto,  see  the  books  above  mentioned. 
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apart  at  the  aides.  When  applied  to  iioa  or  steel  purlinSp  the  side  laps  should 
extend  over  at  least  i\i  oomigations,  and  the  sheets  should  be  riveted  together 
every  8  in  on  the  sides  and  at  every  alternate  corrugation  at  the  ends.  The 
Cindnnati  Corrugating  Company  makes  a  patent  edge<omigation  which 
makes  a  tight  joint  with  a  lap  of  only  one  oomigation.    To  fasten  the  sheets  to 


Cooiinoo  Method  of  Laying  for  Side  Lap 


the  purlins,  which  are  usually  steel  angles,  cleats  of  band-iron,  H  or  H  in  wide, 
may  be  passed  around  or  under  the  purlins  and  riveted  at  both  ends  to  the 
sheets,  as  shown  in  Fig.  3.'  By  contracting  or  pressing  these  cleats  toward  the 
web,  a  tight,  secure  fastening  results,  which  allows  for  contraction  and  expansion 
of  the  sheets.    Cleats,  however,  are  generally  used  only  with  channel  or  Z-bar 


X^ 


Fig.  3.    SheeU  Fastened  to  Aagle- 
porlin  by  Band-iron  Cleats 


Fig.  4.    Sheets  Fastened  to  Anglc-pariin 
by  CUnch-oaih 


purUns.    For  angle-iron  purlins,  dinch-naib,  made  of  soft-iron  wire,  are  com- 
monly used,  as  shown  in  Fig.  4;  they  make  very  satisfactory  fastenings. 

The  following  table  shows  the  sizes  of  dinch-nails  to  be  used  with  different 
sizes  of  angle-purlins  and  also  the  number  of  naib  to  the  pound  in  each  instance: 


Purlin-angles aXa  in 

Lengths  of  nails 4  in 

Number  of  nails  per  pound 48 


aWXain    3HX3Hin     4X4Vi  in 
5  in  6  in  7  in 

38  33  rj 


The  nails  should  be  placed  through  the  top  of  every  second  or  third  corruga- 
tion. At  the  eaves  of  the  buikling  and  along  the  edges  of  the  ventilators  special 
pains  should  be  taken  in  fastening  the  roofing,  as  these  are  the  places  where  the 
force  of  the  wind  b  the  greatest  and  where  it  tends  to  strip  the  roofing  from  the 
purlins.  For  these  parts  of  the  roof  the  best  method  of  fastening  is  that  shown 
in  Fig.  5.  These  fastenings  consist  of  strips  of  sheet  iron  about  a  in  wider  than 
the  purlins,  made  of  No.  la  iron  and  riveted  to  the  purlins  with  H-in  tvvcti 
spaced  10  in  apart.  To  these  strips  the  corrugated  sheets  are  riveted,  every 
5  in  or  every  two  corrugates,  with  6-lb  rivets.  The  method  of  fastening  shown 
in  Ftg.  6,  also,  answers  very  well  and  is  less  expensive. 
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In  ordering  corrugated  sheets  an  allowance  most  be  made  for  the  laps.    The 
following  Uble  gives  the  number  of  square  feet  necessary  to  cover  one  square  of 


Fig.  6.    Apf)rovcd  Fastening 
for  SbceU  at  Eaves 


Fig.  «.    Alternate  Method  of 
Fastening  at  Eaves 


actual  surface,  using  sheets  8  ft  long.    If  shorter  sheets  are  used,  the  allowance 
must  be  slightly  increased. 

jfuaiber  of  Square  Feet  of  Cormgated  Sheets  to  Cover  loo  Square  Feet 
of  Roof 


End-laps. 


Side  lap,  I  corrugation 

Side  lap.  iH  corrugations. 
Side  lap,  z  corrugations . . . 


xin 


sqft 

1X0 

1x6 

123 


2  in 


sqft 

XXX 
XX7 
X24 


3  m 


sqft 

XI2 

xx8 

X2S 


4in 


sqft 

XX3 

XX9 

126 


Sm 


sqa 

1X4 

X20 
127 


6  in 


sqft 
ixs 

X2X 
X2S 


AFproximaee  Weights  in  Pounds  of  xoo  Square  Feet  of  aH-in  Comigated 

Sheets 

Gauge 

No.  28 

No.  27 

No.  96 

No.  24 

No.  22 

No.  20 

No.x8 

No.i6 

Painted.... 
Galvanised. 

69 
86 

77 
93 

84 
99 

XXI 
127 

138 
154 

I6S 

X82 

220 

236 

275 
291 

Anti-Condensation  Lining.  Wherever  comigated  steel  is  laid  on  purlins 
with  no  sheathing  or  paper  underneath,  if  the  building  is  heated,  moisture  will 
invariably  collect  on  the  under  side,  and  if  the  air  in  the  building  is  warm  and 
humid,  considerable  dripping  will  result.  To  prevent  this  dripping,  it  is  neces- 
sary to  protect  the  under  side  of  the  comigated  steel  with  paper  or  felt.  This 
may  be  done  by  first  stretching  poultry-netting  over  the  purlins,  from  eaves  to 
ridge,  and  wiring  the  strips  together  at  the  edges.  Over  this  should  be  laid  one 
thickness  of  asbestos  paper  and  one  or  two  layers  of  saturated  felt.  The  cor- 
rugated steel  nuiy  theii  be  fastened  to  the  purlins  in  the  usual  way.  The  side 
laps  may  be  secured  by  stove-bolts,  with  i  by  H  by  4-in  phite  washers  on  the 
under  side,  to  support  the  lining. 

Comxgated  Siding 

For  8iding,'either  the  2H,  2,  or  iM-in  corrugations  are  used.  The  iH-in  size, 
however,  makes  the  best  appearance.  For  the  laps,  x  in  at  the  bottom  and  one 
corrugation  at  the  sides  are  sufficient. 

For  Sheds,  etc.,  the  sheets  may  be  nailed  to  cross-pieGes  cut  in  between  tlie 
fttuds  horizontally  and  spaced  from  2  to  3  ft  apart,  the  studs  being  from  3  to  4  ft 
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on  centers.  For  elevators,  either  croaa-comigated  sheets  or  sheets  not  more 
than  32  in  long  should  be  used.  The  nails  should  be  driven  in  the  trough  of 
each  alternate  corrugation,  2  in  above  the  lower  end  of  the  sheet,  which  will  be 
I  in  ABOVE  the  top  end  of  the  under  sheet.  This  allows  the  sheet  to  slide  i  in 
in  32  in  as  the  building  settles,  before  the  nail  will  strike  the  upper  end  of  the 
lower  sheet.    The  side  lap  should  not  be  nailed. 

CeOings.  For  the  ceilings  of  stores,  stables,  etc.,  Mt  or  H-in  oorrugated 
sheets  are  much  used;  and  the  construction  is  an  excellent  one  for  this 
purpose. 

Galvanized  Iron.  This  term  is  commonly  applied  to  all  galvanized  sheet 
metal,  although  most,  if  not  all,  of  the  galvanized  sheets  of  the  present  day  hz\'e 
a  steel  base.  The  best  quality  of  galvanized  iron  bears  the  trade-mark  "  ApoUo" 
or  "Apollo  Best  Bloom."  Galvanized  sheets  come  in  lengths  of  6,  7  and  8  ft 
in  United  States  Gauge-Nos.  14,  16,  18,  ao,  22,  24,  26,  27,  28  and  30,  and  in 
widths  of  24,  26,  28, 30  and  36  in  for  all  gauges  except  No.  30,  which  is  made  only 
in  widths  of  24,  26  and  28  in.  Sheets  of  No.  28  gauge  are  also  made  in  widths  <k 
32  and  34  in.  The  widths  commonly  carried  in  stock  are  24,  a8  and  30  in. 
Most  of  the  galvanized  iron  used  for  cornices  and  ornamental  work  is  No.  27 
gauge.    No.  28  is  sometimes  used  for  gutters  and  conductors. 

Copper  for  Roofs 

Method  of  Applying.  This  is  usually  in  2\i  by  5-ft  sheets,  making  12^) 
sq  ft  and  weighing  from  xo  to  14  lb  per  sheet.  It  is  laid  on  boards  to  which  it 
is  fastened  by  copper  cleats.  No  solder  is  employed,  as  it  is  in  tin  roofs,  in  the 
horizontal  joints,  and  the  horizontal  and  sloping  joints  are  made  by  amply  over- 
lapping and  bending  the  sheets.  The  horizontal  joints  are  locked  together  and 
then  tightly  flattened  down. 


IIEIIIORANDA    ON   TILIlf G 

Floor-Tiling  and  Wall-Tiling 

Tile  Floors  are  extensively  used  in  the  better  class  of  buildings,  and  pu- 
ticularly  in  those  portions  which  are  used  by  the  public,  on  accotmt  of  their  great 
durability,  sanitary  qualities  and  decorative  e£fects.  As  a  matter  of  fact,  a  good 
tile  floor  is  also  cheaper  in  the  long  run  than  a  wooden  floor  if  it  is  subject  to 
much  wear.  The  materials  used  for  tiling  floors  are  tiles  made  from  different 
grades  of  clay,  marble,  slate,  glass  and  rubber.  Of  these  probably  the  must 
durable  and  sanitary  are  the  vitreous  clay  tiles.  For  walls  and  wainscotings, 
glazed  tiles,  marbles  and  glass  are  extensively  used. 

Floor-Tiles.    The  f  oUowing  include  some  of  the  principle  kinds  of  day  tfles: 

(1)  Common  Bncauatk  Tflea.  These  belong  to  the  cheapest  grades,  and  are 
made  of  nattually  colored  clays,  red,  buff,  gray,  chocolate  and  black.  These 
tiles  are  of  a  porous,  absorbent  nature  and  are  used  for  common  floors  where 
sanitary  requirements  are  not  exacting. 

(1)  Semivitreotw  Tiles.  These  belong  to  a  somewhat  better  grade  than  the 
first  mentioned  and  are  less  porous  and  absorbent. 

(S)  Vitreous  Tilas.  These  are  the  hardest  tiles  known,  cannot  be  scratched 
by  steel  or  sand,  and  are  non-absorbent  and  thoroughly  aseptic.  They  are  used 
principally  for  floors  requiring  a  perfect  sanitary  condition  and  are  manufactured 
in  white,  blue,  gray,  green  and  lAnk  colors  of  great  delicacy.. 
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(4)  Cenwdc  Tiles  or  Cenuole  Romaii  MoMdc.  This  material  is  made  of 
VITREOUS  day  in  tesseral  pieces  representing  the  tcssene  of  the  Roman  mosaics. 
It  b  made  into  regular  tiles  ranging  from  H  to  94-in  squares  and  al&o  in  hexagonal 
shapes  from  H  in  to  i  in  in  size.  A  rounded  x/>zengb  tils  is  also  manu- 
factured to  be  laid  in  tesseral  paving.  (See,  also,  Flooring  of  Mosaic,  Terraszo, 
etc.,  page  1521.) 

The  material  itself  is  of  great  hardness  and  well  suited  for  work  of  a  monu- 
mental or  public  character.  The  even  and  regular  texture  of  the  tesserae  admits 
the  adoption  of  damask  dbsigns  which  have  become  identified  and  associated 
with  this  material.  The  minuteness  of  the  tessene  admits  of  a  great  range  in 
designing  and  the  following  of  the  architectural  lines.  The  ceramic  Roman 
mosaic  is  much  preferred  to  mosaic  consisting  of  natural  marbles,  because  of  the 
great  variety  in  colors  and  its  greater  durability.  The  vitreous-day  tiles  are 
impervious  to  attacks  of  any  adds  contained  in  the  atmosphere,  while  marbles, 
espedaliy,  are  subject  to  rapid  disintegration  caused  by  the  sulphuric  acid  con- 
tained in  the  smoke-laden  atmosphere  of  our  dties. 

(5)  norentnie  Moaaka  and  Flint  Tiles.  These  are  the  largest  and  heaviest 
tiles  manufactured  in  this  country.  They  are  either  plain  or  inlaid  and  are  in 
use  espedaUy  in  ecclesiastic  work  on  account  of  their  relation  to  mediaeval 
application.  The  material  is  vitreous,  annealed  and  tougher  than  it  is  brittle. 
It  is  also  in  use  for  exterior  polychrome  work. 

(8)  Amtpdc  Tllea.  These  are  large,  heavy  and  thoroughly  vitreous  tiles  used 
for  institute  work.  They  are  the  only  vitreous  tiles  of  huge  size  made  in  this 
country.  As  the  tiles  are  large  and  generally  of  hexagonal  shape,  the  joint- 
spaces  are  reduced  to  a  minimum,  and  they  are,  therefore,  espedaUy  adapted 
for  hospitals,  operating-rooms  and  wards  for  contagious  dis<»ses. 

Enameled  Tiles,  WaK-TileB  and  Mantd-Tiles.  The  following  indude 
some  of  the  enameled  tiles: 

(I)  White,  Wall-Tiles.  These  are  glazed  tiles  for  wainscots.  They  have 
a  white,  soft  body  and  a  surface  covered  with  a  clear  glaze.  The  brilliancy  of 
thb  glaze  and  its  reflecting  properties  make  the  white  wall-tiles  especially  de- 
sirable for  dark  passages. 

(1)  Colored,  Glazed  or  Enameled  Tiles.  These  tiles  are  about  the  same  as 
the  former  in  quality;  the  cla2E  or  enamel,  however,  is  stained  with  metallic 
oxides,  which  produces  a  brilliant  decorative  effect. 

(S)  Dull-Satiii,  etc..  Finished,  Enameled  Tiles.  These  are  glazed  tiles  with 
a  DULL  or  BLIND  enamd-finish.  The  dull  finish  b  produced  either  by  sand- 
blasting or  by  devitrifsring  enamels.  It  is  principally  used  for  quaint  decorative 
effects  in  mantel-work. 

(4)  Glased  Roman  Mosaics.  This  is  a  type  of  enameled  tiling  which  has 
great  decorative  possibilities.  It  has  the  same  tesseral  texture  as  the  ceramic 
floor-tiles  and  is  readily  applied  to  wainscots  and  mantd-work. 

Setting  of  Tiles.  Clay  tiles  are  set  in  Portland-cement  mortar  as  a  rule, 
and  flooring  of  this  character  should  always  be  provided  with  a  substantial 
concrete  base.  Ceramic  mosaics  are  sometimes  laid  on  a  flexible  base.  With 
this  construction  wooden  floors  can  be  provided  with  tile  covering,  and  owing 
to  the  elastidty  and  lightness  of  the  material,  floors  in  elevators,  boats  and  other 
ambulant  structures  can  be  safdy  tiled. 

Marble  Tllea,  from  9  to  12  in  square,  have  been  extensively  used  for  flooring, 
principally  on  account  of  thdr  decorative  effect.  None  of  the  marbles,  however, 
is  as  hard  and  consequently  as  durable  as  the  vitreous  and  ceramic  tile$,^  an 

Digitized  by  VjOOQIC 


1520  Memoranda  on  Tiling  Part  3 

from  all  practical  standpoints  the  marbles  do  not  make  as  good  floor-coverings. 
When  used,  they  should  be  iH  in  thick  and  not  over  la  in  square,  and  should  be 
bedded  in  cement  on  a  concrete  base.  Marbles  should  not  be  used  for  flooring 
in  hospitab,  as  they  yiekl  rapidly  to  the  usual  antiseptic  floor-washes. 

8lAt6»  although  non-absorbent  and  not  affected  even  by  dilute  mineral  adds, 
is  too  cold  and  dingy  to  commend  itself  for  floor-tiles,  but  because  it  is  oonvco- 
iently  handled  in  laxge  slabs  it  is  valuable  as  a  cheap  base  and  as  a  cover  for 
wiring  and  pipe-trenches  in  the  floors.  As  these  often  follow  a  wall,  it  may  serve 
in  the  capacity  of  a  border  and  as  such  be  extended  around  the  floor-space. 
Slate  skbs  for  floors  should  be  about  iH  in  thick. 

Marbleithlc  Tiles  or  Slabs  are  made  of  small  pieces  or  chips  of  marbles  of 
irregular  shapes,  set  in  a  backing  of  sand  and  Portland  cement.  After  the  ce- 
ment has  set,  the  top  surface  is  rubbed  until  it  becomes  flat  and  smooth.  Mar- 
bldthic  resembles  mosaic  or  Terkazzo,  except  that  it  is  kid  in  the  form  of  tiles 
instead  of  being  put  down  on  the  floor  in  a  plastic  condition.  Much  objection  has 
been  made  to  Terrazzo  because  of  the  cracks  which  commonly  occur  in  it,  due 
to  the  slight  settlements  which  are  unavoidable  in  a  new  building.  (See,  abo. 
Flooring  of  Mosaic,  Terrazzo,  etc.,  page  1521 .)  With  tile  floors  of  any  material 
the  joints  allow  for  any  slight  movement  of  the  floor-construction,  without 
^causing  visible  cracks.  By  the  process  of  manufacture,  marbleithic  is  made 
much  harder  than  it  is  possible  to  make  mosaic  floors  that  are  laid  in  a  plastic 
condition,  so  that  thQr  have  a  much  better  wearing  surface.  Floors  of  this 
material  have  been  in  use  since  1895  and  show  little  if  any  wear.  Marbleitiiic 
tiles  are  made  of  various  colored  marbles  and  in  different  sizes,  shapes  and 
patterns,  so  that  a  great  variety  of  effects  may  be  produced.  Sanitary  coved 
bases,  stair-treads,  and  wainscotings,  also,  are  made  of  this  materiftl. 

Cast-Glass  Tiles,  while  quite  resistant  to  a  blow  when  the  poUsh  is  un- 
broken, will  break  very  easily  when  the  surface  is  scratched.  All  glass  tiks 
shoukl,  therefore,  be  very  thick  and  small  or  protected  by  metal  framing. 

NovttS  Sanitary  Glass  *  is  a  sanitary  structural  glass  manufactured  in  all 
thicknesses  from  H  in  up  to  a  in  and  in  slabs  of  all  widths  and  lengths  up  to  100  in 
in  width  and  180  in  in  length.  It  is  made  in  various  colors  and  designs  and  in 
the  following  finishes:  natural-fire  finish,  hone,  semipolished  and  polished 
It  can  be  worked  and  handled  the  same  as  marble,  it  b  readily  drilled  and  shaped 
to  accommodate  fixtures,  etc.,  and  b  very  handsome  in  appearance.  It  is  im- 
pervious to  discoloration  and  is  non-crazing.  These  qualities  make  it  espedally 
desirable  for  floors,  wainscoting,  tables,  shelves,  etc.,  in  all  places  where  an  abso- 
lutely sanitary  condition  combined  with  a  handsome  appearance  b  required. 

Interlocking  Rubber  Tiling 

General  Description.  There  is  an  interlockmg  rubber  tiling,!  which,  be- 
cause of  its  bdng  noiseless,  non-slippery,  and  more  comfortable  to  the  feet  tbsn 
inelastic  substances,  has  met  with  great  favor  for  floors  in  banking-rooms, 
counting-rooms,  vestibules,  devators,  stairs,  caf6s,  libraries,  churches,  etc  For 
elevators  it  b  one  of  the  most  durable  and  practical  floors  that  can  be  laid; 
it  is  also  espedally  and  pecufiariy  adapted  for  floors  of  yachts  and  steamships. 
The  interlocking  feature  unites  the  tiles  into  a  smooth,  unbroken  sheet  oi 
rubber,  unlimited  in  area.  The  tiles  do  not  pull  apart  or  oome  up»  and  eacli 
being  distinct,  almost  any  color-scheme  can  bis  employed,  the  tiles  bemg  made 
in  a  carefully  sdected  variety  of  colors.    The  tiles  are  laid  directly  over  the 

*  Made  by  the  Penn-AmerkaD  Pbte  Glau  Company.  Pittri>ur?h.  Pju 

t  Manuiactuced  by  the  New  YockfielUBg  and  Packing  Compsay.  New  Yodu 
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origiiud  floor,  like  a  carpet,  except  that  th^  are  not  fastened.  Experience  has 
shown  that  they  are  very  durable.  Each  tile  is  2H  in  square  and  H  in  thick; 
35.5  tiles  are  required  to  the  square  foot.  Rubber  nosing  for  stairs  is  made  to 
interlock  with  the  tiles. 

Cost  of  Different  Tiles 
Approziinate  Cost.    The  following  prices  are  approximately  the  cost,  to  the 
trade,  at  the  factory.    To  these  should  be  added  the  freight  and  the  dealers* 
profits.    The  cost  of  laying  the  tiles  on  a  cement  base,  in  addition  to  the  cost 
of  the  tiles,  should  not  exceed  25  cts  per  sq  ft. 


Pknr-Tiles 

Kinds  of  tUes 

Factory  price 
persqft 

Common  encauatir  tiles  ungluBed 

15  cts 

saMocts 

Vitreous  tiles,  white 

Colors,  large  mxn    .   , 

Ceramic  tiles,  or  ceramic  Roman  mosaic 

Wall-Tiles  and  Mantel-Tiles 

Kinds  of  tiles 
White  glazed  wall-tiles 

Factory  price 
persqft 

23  cts 
3Scts 
90  cts 

Colored  glazed  or  enameled  tiles 

Marbleithic,  from  45  cts,  upwards,  laid 

Hand^nade  faience,  plain  colors 

fromfo.tetoSi 

Flooring  of  Mosaic,  Terrazzo,*  etc. 
Flooring  of  Mosaic  Work  is  largely  iLscd.  (See,  also,  Ceramic  Tiles,  or 
Ceramic  Roman  Mosaic,  page  1519,  and  Marbleithic  Tiles,  page  1520.)  It  is 
composed  of  small  pieces  of  stone,  marble,  pottery  or  glass,  usually  laid  in  some 
ornamental  deagn  or  pattern.  A  bed  of  concrete  is  first  laid  and  the  small 
pieces  of  the  material  used  set  in  a  floating  of  cement  and  made  from  H  to  i  in 
thick.  When  cubes  of  varicolored  marble  are  used,  pressed  into  the  cement 
mortar,  it  is  called  Roman  Mosaic.  A  somewhat  cheaper  flooring  is  made  by 
spreading  marble  chips  of  irregular  shape  over  the  surface  of  the  cement, 
pressing  them  into  it  with  plasterers'  floats  and  rolling  them  with  iron  rollers. 
This  is  called  Teraazzo  Mosaic.  The  following  is  from  the  specifications  for 
the  new  Field  Museum,  Chicago,  III.,  D.  H.  Bumham,  architects:  "Filling 
under  terrazzo  shall  be  composed  i  part  cement,  2  parts  sand  and  4  parts  brick. 
Before  concrete  filling  commences  to  set  spread  a  H-in  wearing  surface  composed 
of  marble  chips  with  only  enough  neat  Portland  cement  to  firmly  unite  the 
pieces.  Trowel  and  roll,  and  after  the  mortar  has  set,  rub  the  terrazzo  to  a 
smooth,  even  surface  and  wash  clean."  "Terrazzo  floors  in  the  East  cost  from 
20  to  30  cts  per  sq  ft,  contractor's  profit  included. "  t 

*  See  article  on  Terrazzo  Floors,  by  C.  R.  Marsh,  in  Journal  of  the  Society  of  Constmc- 
tors  of  Federal  Buildings,  July,  1914. 
t  Quoted  from  The  New  Estimator,  1^  William  Arthur,  1914. 
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ASFHALTUM 

Bitiifflen»  Asphaltum,  Asphalt.  "Bitumen  is  the  name  used  to  denote  a 
group  of  mineral  substances,  composed  of  different  hydrocarbons,  found  widdy 
diffused  throughout  the  world  in  a  variety  of  fonns  which  grade  from  thin  vola- 
tile liquids  to  thick  semifluids  and  solids,  sometimes  in  a  free  or  pure  state,  but 
more  frequently  intermixed  with  or  saturating  different  kinds  of  inorganic  or 
organic  matter.  To  designate  the  condition  under  which  bitumen  is  found, 
different  names  are  employed;  thus  the  liquid  varieties  are  known  as  naphtha 
and  PETROLEUM,  the  semifluid  or  viscous  as  liALiHA  or  mineral  tar,  and  the 
solid  or  compact  as  asphaltum  or  asphalt.  "  * 

Asphaltum  is  found  in  extensive  beds  or  lake-like  deposits  on  both  continents; 
the  most  notable  of  these  are  the  pitch  lakes  on  the  island  of  Trinidad,  and  at 
Bermnndes,  Venezuela.  It  is  also  found  saturating  the  limestone  and  sand- 
stone formations  in  certain  localities.  Deposits  of  very  nearly  pure  asphaltum 
are  found  in  Utah,  Mexico,  Cuba,  and  various  parts  of  the  United  States. 
Elaterite,  gilsonite  and  wurtzilite  are  varieties  of  very  nearly  pure  aspiud- 
tum. 

Asphaltic  Roofing-Materials  are  manufactured  principally  from  Trinidad 
asphalt.  These  deposits  have  also  been  the  main  source  of  supply  for  the  as- 
phaltum used  in  street-paving  in  the  United  States. 

Rock-Asphalt.  The  term  rock-asphalt  is  commonly  usedto  designate  the 
material  obtained  from  the  bituminous  limestone  deposits  at  Seyssd  and  F^Ti- 
mont,  in  the  valley  of  the  Rh6ne,  France,  in  the  Val-de-Travers,  canton  of 
Neuch&tel,  Switzerland,  and  at  Ragusa,  on  the  island  of  Sicily.  It  is  extoisivdy 
employed  for  paving  purposes  throughout  Europe,  and  is  considered  to  make  a 
much  more  durable  pavement  than  can  be  made  with  asphaltum.  Rock- 
asphalt  b  prepared  for  shipment  in  two  forms:  (i)  compressed  asphalt  blocks, 
which  are  used  for  paving  in  much  the  same  way  as  stone  blocks,  and  (2)  mastic- 
asphalt,  which  is  put  up  in  cakes  of  varying  shape,  generally  bearing  the  manu- 
facturer's trade-mark. 

Mastic-Asphalt.  In  the  Eastern  States  mastic-asphalt  is  used  for  floors  of 
cellars,  stores,  breweries,  malt-houses,  hotel-kitchens,  stables,  laundries^  con- 
servatories, public  buildings,  carriage-factories,  sugar-refineries,  mills,  rinks,  etc, 
and  for  any  place  where  a  hard,  smooth,  clean,  dr>%  fire-proof  and  water-proof, 
odorless  and  durable  covering  of  a  light  color  is  required,  either  in  the  basement 
or  upper  stories.  It  can  be  laid  over  cement  concrete,  brick,  or  wood,  in  one 
sheet  without  seams;  also  over  cement  concrete  for  roofs  for  fire-proof  buildings. 
For  dwelling-house  cellars,  especially  on  moist  or  filled  land,  this  material  ts 
especially  adapted,  being  water-tight,  non-absorbent,  free  from  mold  or  dust, 
impervious  to  sewer-gases^  and  for  sanitary'  purposes,  invaluable.  Masdc- 
asphalt  is  also  valuable  for  damp-courses  over  foundations,  and  for  covering 
vaults  and  arches  under  ground. 

Asphalt  Floors  and  Pavements.  For  floors  of  cellars^  courtyards,  etc 
laid  on  the  ground,  a  base  of  cement  concrete  3  in  thick  should  first  be  laid;  and 
over  this  a  layer  of  asphalt  from  H  in  to  x^  in  thick,  according  to  the  use  to 
which  it  is  to  be  put.  For  ordinary  cellar-floors,  the  asphalt  need  not  be  more 
than  H  in  thick;  for  yards  on  which  heavy  teams  are  to  drive,  it  shoukl  be 
iH  in  thick.  In  specifying  asphalt  pavement,  both  the  thickness  of  the  concrete 
and  of  the  asphalt  should  be  given;  it  should  also  be  remembered  that  asphalt 
pavement  does  not  include  the  concrete  foundation  unless  so  specified.    In 
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iajring  asphalt  over  planks  or  boards,  a  layer  of  stout,  dry,  but  not  tarred,  sheatfa.- 
ing-paper  should  first  be  put  down  and  the  asphalt  laid  on  this.  Asphalt  floors 
for  stables  should  be  at  least  i  in  thick.  Architects  and  owners  desiring  to  em- 
ploy ROCK-ASPHALT  f oT  any  of  the  above  purposes  should  be  careful  to  secure  the 
f^enuine  Val-de-Xraveks,  Seyssel,  or  Sicilian  rock-asphalt,  as  there  are 
imitations  which  are  of  but  little  vahie. 

The  BituminottB  Sandstones  of  California  have  been  esctensivdy  used  for 
paving  streets  in  Western  cities.  They  arc  prepared  for  use  as  paving-materials 
by  crushing  to  powder.  With  this  powder  a  considerable  proportion  of  sand 
or  gravd  b  generally  mixed  and  the  mixture  heated  until  it  becomes  plastic;  it 
is  then  spread  over  the  roadways  and  compressed  by  rolling. 

MINEBAL   WOOL 

Sources  of  lAinend  WooL  There  are  at  least  two  kinds  of  mineral  wool 
made  in  this  oountry.  The  more  common  quality  is  made  by  mixing  certain 
kinds  of  stone  with  the  holien  slag  from  blast-furnaces  and  converting  the 
whole  mass  into  a  fibrous  state.  The  best  slag  for  the  purpose  is  that  which  ia 
free  from  iron.  The  appearance  of  the  finished  product  is  much  like  that  of 
wool,  being  soft  and  fibrous,  but  in  no  other  respect  afe  the  materials  alike. 
Mineral  wool  made  from  slag  appears  in  a  variety  of  colors,  principally  white, 
but  often  ydk>w  or  gray,  and  occasionally  quite  dark.  The  color,  however,  is 
said  to  be  no  indication  of  the  quality,  as  all  of  the  peculiar  properties  of  the 
material  are  present  in  equal  proportions  in  any  of  the  shades.  The  other  kind 
of  mineral  wool  is  known  as  rock-wool,  and  is  made  from  granite  rock  raised  to 
3  ooo**  F.  It  is  claimed  that  as  it  is  absolutely  free  from  sulphur,  it  is  the  only 
odorless  wool  manufactured.  It  has  been  approved  by  the  United  States  War 
Department.  It  has  the  same  general  appearance  as  that  made  from  slag,  and 
is  white  in  color. 

Nature  of  Mineral  Wool.  Both  of  these  materiak  consist  of  a  mass  of  very 
fme,  pliant,  but  inelastic,  vitreous  fibers  interlacing  in  every  direction  and 
forming  an  innumerable  number  of  minute  air-cells.  Its  great  value  in  the  insu- 
lation and  protection  of  buildings  lies  in  the  number  of  air-cells  which  it  contains^ 
its  consequent  non-conduction  of  heat,  and  its  fire-resisting  qualities.  In  wool 
made  from  common  slag,  92%  of  the  volume  consists  of  air  held  in  minute  cells, 
while  in  the  best  grade  the  proportion  of  air  reaches  as  high  as  96%.  This  con- 
fined air  makes  it  one  of  the  best,  if  not  the  best,  of  the  non-conductors  of  heat. 
Aside  from  these  qualities  it  is  very  durable  and  contains  nothing  that  can  decay 
or  become  musty.  Being  itself  incombustible  it  greatly  retards  the  burning  of 
wooden  floors  or  partitions  if  their  mner  spaces  are  filled  with  it. 

Uses  of  Mineral  Wool.  The  greatest  value  of  this  material  is  as  an  insula- 
tor of  heat,  but  it  is  also  a  valuable  non-conductor  of  sound.  It  is  the  general 
opinion,  however,  that  it  can  be  considered  only  as  a  muffler  of  the  sound- 
waves, for  there  seems  to  be  no  practical  way  in  which  it  can  be  used  so  as  to 
separate  entirely  the  floor  and  ceiling.  It  would  be  crushed  by  laying  floor- 
cleats  upon  it.  As  a  muffler  or  filling  between  the  beams,  however,  there  is 
probably  nothing  that  is  superior.  In  the  end,  then,  it  would  seem  that  the 
most  complete  insulation  from  sound,  without  separate  beams,  would  be  obtained 
by  FLOATING  the  flooring  on  some  material  like  Cabot's  Quilt  or  on  a  very  thick 
felt,  with  the  spaces  between  the  floor-cleats  filled  with  mineral  wool. 

Manner  of  Appljriiig  Mineral  Wool.  Mineral  wool,  when  used  alone  as 
floor-deadening,  may  be  laid  on  boards  cut  in  between  the  joists,  or  on  top  of 
sheathing-lath  when  that  material  is  used.    The  wool  should  be  at  least  2  in 
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thick.  Again,  mineral  wool  is  particularly  desirable  for  filling  the  spaces  between 
the  studs  of  outside  waUs  and  partitions  and  between  the  rafters  of  roofs.  It 
may  be  used  to  great  advantage,  also^  in  partitions  around  bath-rooms  or  water- 
closets,  and  around  water-pipes  wlien  placed  in  partitions.  In  outside  walb 
and  attic  roofs,  as  a  protection  from  the  heat  of  summer  or  the  cold  of  winter, 
it  is  of  the  greatest  value.  By  lathing  the  under  side  of  the  rafters  with  sheath- 
ing-lath,  and  spreading  on  top  a  layer  of  3  or  3  in  of  mineral  or  rock>wool,  the 
comfort  of  the  room  is  greatly  increased.  Flat  roofs  over  inhabited  rooms  may 
be  covered  with  rough  boards  and  iH-in  cleats  nailed  on  top,  the  spaces  5Iled 
with  wool,  and  the  roof-sheathing  then  nailed  to  the  cleats.  Thb  not  only 
greatly  increases  the  comfort  of  the  rooms,  but  greatly  retards  the  progress  d 
fire  from  the  outside.  When  insulating  against  heat,  nails  driven  through  the 
insulating  material  do  no  harm.  When  using  mineral  wool  in  floors  it  should  be 
packed  in  very  closely,  but  not  jammed  so  as  to  break  the  fibers,  which  are 
naturally  very  brittle.  In  partitions  it  u  packed  between  the  studs  and  laths, 
ao  as  to  completely  fill  the  spaces,  the  wool  being  put  in  after  the  lathing  has 
reached  a  height  of  2  or  3  ft.  More  laths  are  then  put  on,  the  ^>aces  filled,  and 
ao  on  to  the  top.  The  wool  should  not  be  dropped  from  any  considerable  height, 
as  the  breaking  up  of  the  fibers  destroys  the  insulating  qualities  of  the  material 
In  fact  the  tendency  q^  mineral  wool  to  settle  and  consolidate,  if  improperly  or 
too  loosely  packed,  is  the  only  drawback,  except  cost,  to  its  use  for  insulation. 
The^wool  behind  the  lathing  will  not  prevent  the  pUster  from  keying. 

CoBt  of  Mineral  Wool.  Mineral  wool  is  sold  by  the  pound,  and  in  estimat- 
ing the  quantity  of  wool  required,  i  lb  per  sq  ft  of  filling,  i  in  thick,  should  be 
allowed  for  ordinary  wool  and  H  \b  for  selected  wool.  The  price  of  the  ordtnarj' 
wool  is  about  I1.25,  and  of  selected  wool  %2  per  hundred  pounds. 


DATA   ON   STRjUCTURAL   STEEL 

Eatimating  the  Coft  of  Stmctnral  Steel  for  Bufldlnga 

Stmctural  steel  for  buildings  is  commonly  made  up  of  I  beams,  channels, 
angles,  Z  bars  and  plates,  wUch  may  be  used  as  single  beams  or  braces,  or  built 
into  riveted  girders,  columns,  or  trusses.  The  Z  bars  are  now  seldom  used  for 
columns  or  other  structural  work  in  buildings.  The  cost  of  the  completed  steel- 
work is  made  up  of  the  following  items: 

(i)  Cost  of  the  plain  steel  at  the  mill,  plus  freight  and  dealers*  profits. 

(2)  Extras  for  cutting,  punching,  fitting  and  assembling  into  girders,  columni, 
or  trusses. 

(3)  Cost  of  the  fittings,  such  as  connection-angles,  gusset-plates,  etc. 

(4)  Shop-painting. 

(s)  Cost  of  erection  at  the  building. 

(6)  Painting  after  erection. 

Base-Price  of  Steel.  For  orders  of  any  considerable  size,  the  cost  of  plain  sted 
is  based  on  the  price  at  the  mills  plus  the  freight  to  the  point  of  delivery. 

The  BASE-PRICE,  free  on  board  cars  at  Pittsburgh,  Pa.,  at  the  present  time 
(19x5),  is  about  $1.45  per  xoo  lb  for  I  beams  and  channeb  15  in  and  less,  and  for 
angles  and  zees,  from  3  to  6  in. 

I  beams  over  15  in  cost  10  cts  per  100  lb -extra,  and  aees  over  3  in.  5  cts  extra. 

For  angles,  channels  and  zees  under  3  in,  the  base  is  $1.40  at  Pittsburgh. 

For  angles,  over  6  in,  $1.50. 

For  H  beams,  over  8  in,  $t.6o. 

For  deck  beams  and  bulb  angles,  $1.75. 
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For  Gomigated  and  checkered  plates,  front  $1.75  to  $1,901 

For  plates,  structural,  the  base  is  $iw|o. 

For  plates,  flange,  the  base  is  $1.50. 

For  corrugated  steel,  painted,  No.  22,  $2.15.  « 

For  corrugated  steel,  galvanized.  No.  22,  $3.00. 

For  steel  sheets,  black,  Nos.  10  and  xi,  $1.90. 

For  steel  sheets,  galvanized,  Nos.  10  and  11,  $2.35. 

For  steel  sheets,  black,  No.  22,  $2.10. 

For  steel  sheets,  galvanized.  No.  22,  $2.95. 

For  bar-iron,  the  base  is  $1.65. 

For  rivets,  $2.10. 

Frei^t-Hates  (1913)  in  car-load  lots  are:  Pittsburgh  to  Albany,  N.  Y.,  x6  cts; 
to  Baltimore,  14H  cts;  to  Boston,  18  cts;  to  Buffalo,  N.  Y.,  11  cts;  to  Chicago, 
18  cts;  to  Cincinnati,  15  cts;  to  Cleveland,  xo  cts;  to  Columbus,  O.,  12  cts; 
to  Denver,  85 H  cts;  to  Louisville,  x8  cts;  to  New  York,  16  cts;  to  Norfolk, 
Va.,  20  cts;  to  Philadelphia,  15  cts;  to  Richmond,  Va.,  20  cts;  to  Rochester, 
N.  Y.,  iiVi  cts;  to  St.  Louis,  23  cts;  to  Washington,  D.  C,  14H  cts. 

For  Pacific  coast  points,  it  has  been  customary  to  allow  a  discount  of  about 
x8%  from  the  base,  at  Pittsburgh,  on  account  of  the  high  freight,  and  to  meet 
European  competition.  On  accotmt  of  the  expense  of  carrying  beams  in  stock, 
local  dealers  usually  charge  from  H  to  i  ct  a  pound,  extra,  on  orders  supplied 
from  stock. 

Lift  of  Extras  to  be  Added  to  Prices  of  Plain  Beams  and  Channels. 
If  any  kind  of  work  whatever  is  done  on  the  plain  steel,  or  if  the  same  is  cut  to 
length  with  a  less  variation  than  H  in,  an  extra  price  is  charged,  which  is  based 
on  the  following  list,  adopted  in  1902.  These  charges  are  common  to  all  shops 
if  the  order  is  of  any  size: 

Bzlras  to  be  Added  to  Base-Price  for  Baeh  100  Pcmnds 

(i )  For  cutting  to  length  with  less  variation  than  plus  or  minus  H  in . . .  15  cts 

(2)  Plain  punching  one  size  of  hole  in  web  only 15  cts 

(3)  Plain  punching  one  size  of  hole  in  one  or  lx>th  flanges 15  cts 

(4)  Plain  punching  one  size  of  hole  in  either  web  and  one  flange  or  web 

and  both  flanges.    The  holes  in  the  web  and  flanges  must  be  of 

the  same  size 25  cts 

(5)  Plain  punching  each  additional  size  of  hole  in  either  web  or  flanges, 

web  and  one  flange,  or  web  and  both  flanges 15  cts 

(6)  Plain  punching  one  size  of  hole  in  flange  and  another  size  of  hole  in 

web  of  the  same  beam  or  channel 40  cts 

(7)  Punching  and  assembling  into  girders 35  cts 

(8)  Coping,  ordinary  beveling,  mcluding  cutting  to  exact  lengths,  with 

or  without  punching;  including  the  riveting  or  bolting  of  stand- 
ard connection-angles 35  cts 

(9)  For  painting  or  oiling,  one  coat,  with  ordinary  oil  or  paint zo  cts 

(10)  Cambering,  beams  and  channels,  and  other  shapes  for  ships  or  other 

purposes 25  cts 

(11)  Bending,  or  other  unusual  work shop-rates 

(12)  For  fittings,  whether  loose  or  attached,  such  as  angle-connections, 

bolts,  and  separators,  tie-rods,  etc $x  -55 

Tie-rods  in  all  cases,  where  estimated  upon  in  connection  with  beams  or 
channels,  are  to  be  classified  as  fittings. 
In  making  an  estimate  of  the  steelwork  from  the  framing-plaiis,  the  weight 
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of  all  connection-angles,  gusset-plates,  separators,  tie-rods,  etc.,  must  be  taken 
off  separately,  and  the  cost  figured  at  $1.5$  per  100  lb  above  the  Ixaae-price. 

The  standard  connections  are  given  in  Ch24>ter  XV,  on  pages  617  and  61S, 
and  standard  separators  on  page  613. 

In  estimating  the  cost  of  riveted  columns  and  girders,  the  weight  of  the  plain 
bars  and  plates  of  which  each  column  or  gixder  is  composed  may  be  taken,  and 
an  extra  added  to  the  price  per  pound  to  cover  cost  of  rivets  and  asaembliDS- 
This  extra  will  be  about  as  follows: 

Light  channel-columns iH   cts  per  lb 

Heavy  channel-coliunns iK    cts  per  lb 

Plate  girders,  from  24  to  48  in  deep iH    cts  per  lb 

Box  girders,  from  34  to  48  in  deep iH   cts  per  lb 

Box  girders,  from  48  to  60  in  deep iHo  cts  per  lb 

Coat  of  Erecting.  For  erecting  ordinary  beams  and  colunms  in  buildings 
having  masonry  walls  the  cost  of  erection  should  not  exceed  $xo  per  ton  when 
there  are  bolted  connections,  and  it  will  sometimes  be  as  low  as  $6  per  ton.  For 
erecting  the  steelwork  of  skeleton  buildings  having  riveted  connections^  it  b 
customary  to  allow  $10  per  ton. 

Cost  of  Paintiag.  The  usual  charge  for  shop-painting  is  about  $1  per  ton, 
but  if  done  in  accordance  with  the  specification  on  pages  1486-7  it  would  exceed 
this  amount.  For  painting  one  additional  coat  after  erection,  allow  about  U 
per  ton. 

Roof-Trusses.  "  In  lots  of  at  k»st  six,  the  shop-cost  of  ordinary  roof-trusses 
in  which  the  ends  of  the  members  are  cut  off  at  right-angles  is  about  as  follows:* 
Trusses  weighing  1 000  lb  each,  from  $1.15  to  $1.25  per  100  lb;  trusses  wdghing 
I  500  lb  each,  from  $0.90  to  $1.00  per  100  lb;  trusses  weighing  2  500  lb  each, 
from  $0.75  to  $0.85  per  xoo  lb;  and  trusses  weighing  from  3  500  to  7  500  h, 
from  $0.60  to  $0.75  per  100  lb.  Pin-connected  trusses  cost  from  10  to  20  cts 
per  100  lb  more  than  riveted  trusses. " 

Steel  Mill-Buildings.  The  average  shop-cost  for  the  frames  of  steel  null- 
buildings,  including  draughting,  is  about  $25  per  ton,  and  the  cost  of  erection 
from  $15  to  $25  per  ton.t 

Cost  of  Drafting.  Details  for  church  and  court-house  roofs  having  hips 
and  valleys  cost  from  $6  to  $8  per  ton;  details  for  ordinary  mill-buildings  cost 
from  $2  to  $4  per  ton.  The  cost  of  making  shop-drawings  varies  greatly  with 
the  character  of  the  construction  of  the  building,  and  with  the  accuracy  of  the 
architect's  drawings.  The  average  costs  per  ton  of  steel,  for  making  shop- 
drawings  are  about  as  follows: 

For  entire  skeleton  construction,  in  which  the  loads  are  all  carried  to  the 
foundations  by  the  steel  columns,  $1.45. 

For  the  interior  parts  which  are  supported  on  steel  columns,  when  the  outside 
walls  carry  the  floor-loads  and  their  own  weight,  $1.25. 

For  the  interior  parts  which  are  supported  on  cast-iron  columns,  when  the 
outside  walls  carry  the  floor-loads  and  their  own  weight,  $0.70. 

For  construction  without  colunms,  and  in  which  the  floor-beams  rest  on  ma- 
sonry walls,  $0.85. 

For  buildings  in  which  roof-trusses  supported  by  columns  comprise  the  greater 
part  of  the  construction,  $2.50. 

•  See  Structural  Engineers'  Handbook,  1914,  by  Milo  S.  Ketcbum. 
t  For  much  valuable  daU  relating  to  steel  mill-buildings,  sec  The  Design  ol  Sted  Mffl 
Buildings,  by  MOo  S.  Ketchum. 
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For  bmldiags  in  wUcH  roof-trusses  on  masonry  wmBs  comprise  the  greater 

part  of  the  construction,  $1.25. 
For  mill-buildings,  average,  $2.50. 
For  manufacturing  or  sbop-buildings,  with  flat  roofs,  and  one  story  in  hdght, 

lo-rs- 

For  alterations,  additions,  remodeling,  which  require  measurements  before 
details  and  shop-drawings  can  be  made,  $1.90. 

Approximate  Estimates  of  the  Weight  of  Steel  in  Buildings.  Accord- 
ing to  H.  G.  Tyrrell,*  the  weight  of  steel  in  any  proposed  new  building  may  be 
roughly  estimated  from  the  following  data,  which  is  a  fah:  average  for  buildings 
not  over  eleven  stories  high,  designed  according  to  the  Building  Laws  of  the 
City  of  Boston: 

Per  sq  ft 
of  floor 

Apartment-houses  and  hotels,  with  outside  frame 14  lb 

Apartment-houses,  without  outside  frame ,  9  lb 

CM&ce-buildings,  with  outside  frame 23  lb 

Office-buildings,  without  outside  frame ^ XS  lb 

Warehouses,  with  outside  frame a8  lb 

Warehouses,  without  outside  frame x8  lb 

For  buildings  higher  than  eleven  stories,  the  weight  of  floors  will  increase  in 
direct  proportion  to  the  number  of  stories,  while  the  weight  of  columns  will 
increase  more  rapidly. 

For  the  approximate  weight  of  roof-trusses,  see  Chapter  XXVII,  pages  1050 
to  1052. 

Cost  of  Merchsnt  Steel.  The  cost  of  merchant  iron  and  steel  of  all  kinds 
is  based  on  a  certain  size  of  each  particular  shape,  which  is  taken  as  the  base, 
and  the  price  of  all  other  sizes  is  figured  at  a  certain  extra  rate  above  the 
base  according  to  a  standard  cakd  of  mill-extras.  The  base-price  may 
fluctuate  and  be  changed  without  notice,  but  the  extras  remain  constant,  and 
are  the  same  in  all  localities.  The  following  tables,  on  pages  1528  and  1529, 
include  the  standard  classification  of  extras  on  iron  and  steel  bars. 

*  Estinuting  Structural  Steel,  in  Architects  &  BuHders'  Magazine,  Jan.,  1903. 
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Rounds  and  squares  t 


Sizes 


Extra  per 
100  lb 


Sales 


H 
H 
H 

H 

M« 
W 

Me 


to  3  m. 
to  iHstn. 
to    Ms   in. 

in. 

in. 

in. 
and^is    in. 


Base 
lo.io 
o.ao 
0.40 
0.50 
0.60 
0.70 
x.oo 
a. 00 


3Hito3Win.. 
3Ms  to  4  in. . 
4Hs  to4^in., 
4Me  to  5  in. . 
SH  tosWin. 
SH  to  6  in. 
6M  to6Hin. 
6^i   to7Han. 


Plat  bars  and  heavy  bands 


Sizes 


I 

I 

»M« 
»Hs 
Ms 
Ms 

Ms 
Ms 
H 

zH 

iH 

iH 

3H 


to  6  inX 
to  6  inX 
to  »MsinX 
to  »MsinX 
and  H     in  X 


IH 


to  6 
to  6 
to  6 
to  6 


inX 

inX 

inX 

inX 

inX 

inX 

inXxHs 

inXiH 

inXiH 

inX3 


to  I       m 

and  Ms  in 

to     M   in 

and  Me  in 

to     M  in 

and  Ms  in 

and  He  in 

and   Me  in 

in 

and  Me  in 

and  Me  in 

to    xMein 

to    xV4   in 

to   aM   in 

to    4      in 

Light  bars  and  bands 


Sizes 


xH     to    6 

in  X  Nos.  7. 8.  9 

xH     to    6 

in  X  Nos.  xo,  ix. 

I        to    iMe 

in  X  Nos.  7. 8,  9 

1        to    iMe 

in  X  Nos.  xo,  xi. 

iMe  to     IMe 

in  X  Nos.  7. 8. 9 

»Me  to     >Me 

in  X  Nos.  10,  II, 

iHeand  M 

in  X  Nos.  7.  8, 9 

IMe  and   H 

in  X  Nos.  xo,  xx. 

Me  and  H 

in  X  Nos.  7, 8, 9 

Ms  and  H 

in  X  Nos.  10.  IX. 

H 

in  X  Nos.  7,  8. 9 

H 

in  X  Nos.  10,  II, 

Ms 

in  X  Nos.  7.  8.  9 

Me 

in  X  Nos.  10.  II, 

H 

in  X  Nos.  7.  8.  9 

H 

in  X  Nos.  10,  II. 

and  Me  in... 

12  and  H  in. 
and  Me  in. .. 

13  and  Hin. 
and  Me  in... 
.  12  and  Hin. 

and  Me  in... 

12  and  Vi  in . 
and  Ms  in... 

12 and  Hin. 
and  Me  in... 
,  13  and  H  in. 
and  Me  in... 

12  and  H  in. 
and  Me  in... 

12  and  H  in. 


*  Intermediate  sizes  take  the  next  higher  exfnu    It  is  not  customaiy  to  enforce  i 
than  one-haU  the  "8tandard<ard  extras"  for  round  and  square  bats, 
t  Squares  up  to  4H  in  only. 
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1 


Angles 


Sizes 


iH  X  Mc  in  and  heavier,  but  under  3  in 

I  to  iK  X  M«  in  and  heavier 

%X«iin 

HXM«in 

HXWin 

HXHin 

3X3  inXless  than  H  in  thick 

Angles  H  in  and  larger,  but  smaller  than  3  in.  H  in  thick | 

Channels 


Extra  per 
100  lb 


Base 

lo.xo 

o.ao 

0.30 

a.oo 

3.00 

0.50 

o.xoper  xoolb 

over  Ms  in 


Sizes 


iHXMs  in  and  heavier,  but  under  3  in 

I  to  xHXMs  in  and  heavier 

TiXMsin 

HandHXMein 

HXHin 

WX H  in  and  thicker 

Channels  H  in  and  wider,  but  under  3  in.  H  >n  thick | 


Extra  per 
xoolb 


Base 
lo.xo 
o.ao 
0.30 
0.60 
x.oo 
o.  10  per  100  lb 
over  Ht  in 


Tees 


Sixes 


xHXM*  in  and  heavier,  but  under  3  in. 

iHXMs  in  and  heavier 

x  to  iHXMc  in  and  heavier 

HXH  in  and  thicker 

HXH  in  and  thicker 

HXH  in  and  thicker 


Tees  I  in  and  larger,  but  smaller  than  3  in.  H  in  thick. , 


Extra  per 
xoolb 


Base 
to.  10 
o.ao 
0.50 
0.60 
2.00 
o.xoper  xoolb 
over  M«  in 


*  Intermediate  sizes  take  the  next  higher  extra. 

The  base  for  car-k>ad  lots  for  any  dty  may  be  obtained  by  adding  the  freight- 
rates  given  on  page  X525  to  the  base  prevailing  at  the  mills. 

ESTDttATING   THE    COST   OF   BUILDINGS* 

Cost  of  Buildings  por  Cubic  Foot  The  method  of  cuBiofoor  values 
has  been  used  more  than  any  other  in  estimating  the  cost  of  any  proposed 
building,  before  the  plans  and  specifications  are  sufficiently  complete  for  taking 

*  The  editor  is  indebted  to  E.  S.  Hand  for  valuable  daU  relating  to  this  subject.  He 
is  also  indebted  to  others  whose  names  sre  mentkmed  in  connection  with  particular 
Ubles,  etc  The  readers  sre  referred  especially  to  the  Handbook  of  Cost  DaU  for 
ContFsctofi  and  Eagineent,  by  H.  P.  Gillette  and  to  The  New  Building  Estimator,  by 
William  Arthur. 
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o&  the  actual  quantities.  "Comi>azison  of  unit  costs  is  the  only  «cienfit:r 
criterion  by  which  to  judge  the  economic  merit  of  a  structure,  a  machine  or  i 
method  of  doing  work. "  *  Two  buildings  in  the  same  dty  or  district,  btcli 
in  the  same  style  and  for  the  same  purpose,  of  the  same  materials*  and  on  the 
same  scale  of  wages  and  prices  of  materials,  should  cost  the  same,  or  very  nearh 
the  same,  per  cubic  foot,  although  one  building  may  be  somewhat  larger  than  the 
other  and  of  different  shape.  It  therefore  follows  that  if  we  know  the  cx>st  pe£ 
CUBIC  FOOT  of  different  classes  of  buildings,  in  different  localities,  we  can  approx- 
imate quite  closely  the  cost  of  any  proposed  building  by  multiplying  its  cubk 
contents  in  feet  by  the  known  cost  per  cubic  foot  of  a  similar  building  already 
built  in  that  locality. 

Size  of  Building  Proportioned  to  Cost  per  Cubic  Foot.  If  the  cost  of 
a  proposed  building  must  be  kept  absolutely  within  a  certain  sum.  the  size  ai 
the  building  should  be  proportioned  so  that  the  ctTBic  contsnts  shall  not  ex- 
ceed the  quotient  obtained  by  dividing  the  amount  af^Mopriated  by  the  average 
cost  per  cubic  foot  of  similar  buikiings.  Even  then  it  may  be  found,  when 
the  bids  are  opened,  that  they  exceed  the  appropriation;  but  the  excess  is  of  tea 
a  relatively  small  percentage  of  the  total  cost  and  the  necessary  reductions  cac 
be  made  without  altering  the  main  features,  of  the  building. 

Methods  of  Computation.  In  estimating  the  cost  by  the  mbihod  op  cubic 
CONTENTS)  it  is  of  course  necessary  that  the  contents  be  computed  on  the  same 
basis,  in  both  the  proposed  building  and  the  one  already  built.  The  cubic 
contents  are  generally  computed  from  the  basement  or  cellar-floor,  to  the  aver- 
age height  of  a  flat  roof,  or,  if  there  b  a  pitched  roof,  the  flnisbed  portion  of  the 
attic  is  included,  or  that  part  which  might  be  finished,  mere  air-spaces  and  open 
porches  not  being  included.  Vaults  and  areas  under  sidewalks,  etc.»  are  gen- 
erally included  as  part  of  the  basement.  All  measurements  are  to  the  outside 
of  the  waUa  and  foundations.  The  estimated  cost  may  or  may  not  include  the 
fees  of  the  architect  and  other  experts. 

Other  Methods  of  Estimating  the  Cost  of  Buildings.  The  cost  of  buiki- 
ings, such  as  hospitals,  theaters,  schools,  churches,  barracks,  large  stables,  etc., 
is  sometimes  estimated  by  the  cost  per  bed,  sitting,  inmate,  etc.  Estimates 
are  also  based  upon  the  cost  per  square  foot  of  ground  occupieo  or  of  all 
the  floor-space,  in  certain  types  of  buildings. 

Dataf  on  Cubic-Foot  Values  as  a  Basfs  for  Preliminary  Betimates 
of  Building  Coste 

Notes  on  Modifying  Conditions.  Buildings  of  a  given  tvpb,  such  as  office- 
buildings  and  school-buildings,  when  similar  in  construction  and  finish  and  built 
under  similar  market-conditions  as  to  cost  of  labor  and  materials,  are  found  to 
be  nearly  identical  in  cubic-foot  costs.  The  buildings  of  any  such  type  do  not 
differ  widely  in  bulk,  and  thb  is  always  very  conskierabie  when  compared  with 
such  structures  as  dwellings  and  small  business  buildings.  This  seems  only 
another  way  of  saying  that  similar  causes  produce  similar  effects,  but  it  goes  a 

*  H.  P.  Gillette,  in  the  preface  to  his  Handbook  of  Cost  DaU  for  CoQtractois  and 
Engineers. 

t  The  data  (up  to  table  on  page  1532)  on  cubic-foot  values  is  quoted,  by  prr- 
mission,  from  notes  relating  to  this  subject,  compiled  by  Professor  Warren  P.  Laiid  fnxD 
the  study  of  a  huge  number  of  public  and  private  buikiings  elected  in  Widely  aepafatrd 
districts  of  the  United  States.  For  these  buildings  Professor  Laird  acted  as  the  profe»> 
skmal  adviser  for  the  selection  of  the  architect,  and  in  all  cases  the  estimate  of  the  cost 
of  the  buildings  was  based  strictly  upon  a  total  number  of  cubic  feet  and  a  fixed  unit 
''^t  per  cubic  foot. 
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stqs  farther  by  indicating  that  the  results  here- are  virtually  identicai;  so  nearly 
so,  that  the  average  cubiC-fooxoost  of  a  certain  kind  of  building  can  be  relied 
on  to  produce  an  estimate  within  from  3  to  5%  of  the  actual  cost  of  new  work  of 
the  same  kind  and  under  the  same  conditions.  Other  tyixs  of  large  structures, 
such  as  public  buildings,  hotels,  churches  and  theaters,  are  less  subject  to  stand- 
ardization because  more  variable  in  equipment  and  finish.  This  is  true  also  of 
dwellings,  shops  and  other  small  structures  whose  lesser  bulk,  moreover,  renders 
even  less  possible  a  clo^  prediction  as  to  their  cost  These  uncertainties  do  not, 
however,  warrant  the  rejeictioii  of  the  cUBic-FOot-coSt  KEtHob  for*  prelimlnaiy 
estimating.  They  do  indicate  tliat  it  is  less  closely  approximate  for  some  types 
than  for  others.  But  the  degree  of  uncertainly  on  even  the  most  Variable 
types  may  be  minim ined  and  should  be  reduced  to  perhaps  10%  under  a  careful 
system  of  cost-computation.  Such  system  should  cover  a  oonsiderable  number 
of  examples,  taking  account  of  all  factors  of  material  influence  upon  cost  in  each 
type,  and  must  follow  a  consistently  uniform  method  of  deterxnining  cubic-foot 
values. 

The  Facton  Whidi  Influence  Cost  include  the  following. 

(i)  Prevailing  market  prices  of  labor  and  materials. 

(2)  Type  of  construction  employed,  depth  and  kind  of  foundations  and  exist* 

enoe  of  special  features  such  as  towers  or  domes. 

(3)  Finish:  external  facing  and  ornamentation;  .internal  surfacing  and  deco- 

ration. 

(4)  Equipment:  (a)  number  and  complexity  of  heating,  lighting,  ventilating, 

sanitary,  elevator  and  other  systems;  (6)  extent  to  which  apparatus 
or  equipment,  such  as  laboratoiy-devices,  operarchairs,  bank-counters* 
etc,  b  provided  for  direct  use  of  occupants  of  building. 

(5)  Fees  of  architect  and  other  eiperts. 

(6)  Locality.    Costs  of  structures  of  a  given  type  will  vary  with  the  locality 

because  of  differing  standards  of  practice  and  building  laws,  availability 
•of  building  materials,  labor,  etc 

(7)  Other  items,  devebping  in  the  experience  of  the  architect. 

The  Method  of  Deterndning  Cubage  may  either  simply  recognize  the 
GEOHETRicAi.  VOLUME  of  the  building  or,  better,  may  employ  a  dOEtnciENT 
OF  VALUE  for  any  part  whose  cost  varies  materially  from  the  average.  The 
latter  method  may  be  preferred  as  allowing  a  closer  calculation  of  variations 
from  known  examples.  For  instance,  an  unfinished  cellar  or  other  story  or  a 
small  light-court  would  cost  less  per  cubic  foot  than  the  remainder  of  the  build- 
ing, while  a  tower  or  dome  qt  finished  basement  containing,  also,  an  expensive 
mechanical  pkmt,  would  cost  more.  Foundations  sooaetimes  cost  so  much 
that  they  require  figuring  to  their  full  depth  as  though  the  finished  building  were 
carried  down  to  that  level. 

Cubic-Foot  Costs.  Subject  to  the  foregoing  consfderatfons,  the  following 
data  on  fire-proof  buildings  may  be  used  as  a  standard  for  average  cases. 
The  unit  prices  will  probably  be  found  too  low  for  New  York  and  some  other 
large  cities  and  somewhat  above  those  of  several  other  sections  of  the  United 
SUtes. 

Construction:  steel  and  terra-cotta.  Stone  and  brick  fadngs,  complete  equip- 
ment and  superior  grade  of  interior  finish: 

lype  of  building  Cents  per 

cubic  foot 

Office-buildings , 32  to  35 

Public  buildings 40  to  45 

School-buildings so  to  25 
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Constructioii:  rdnforced  concrete;  ladng,  oommon  brick;  eqitipoeat,  type 
usual  in  such  structures;  inside  finish,  the  simplest.   ' 

Type  of  buildinc  Cents  per 

coImc  foot 

Factories* 14  to  i6 

Lofts* 15  to  18 

Table  f  for  Bitimating  the  Approximate  Cost  of  a  Hew  Buflding 
or  the  Value  of  an  Bzistiiic  Boading 

Based  on  prices  for  bbor  and  materials  in  1915.  The  cost  of  first-dass  fire- 
proof buildings  is  greater  in  the  Western  and  Southern  States  than  in  the  Eastern 
States,  because  of  the  dbtanoe  from  the  great  steel  and  material-centos. 

Fans  and  CowBtry  Piopectj^ 

Cost  per 

cubic  foot, 

cents 

Dwellings,  frame;  small  box  house,  no  cornice 5 

Dwellings,  frame;  shingle  roof,  small  cornice,  no  sash  weights,  plain.        6  to  7 

Dwellings,  brick;  same  class 8to  9 

Dwellings,  frame;   shingle  roof,  good  cornice,  sash  weights,  blinds 

(good  house) 8  to  9 

Dwellings,  brick;  same  class  (good  house) 10  to  11 

Bams,  frame;  shinf^e  roof,  not  painted,  plain  finish 2toj 

Bams,  frame;  shingle  roof,  painted,  good  foundation 3  to  4 

Stores,  frame;  shingle  roof,  painted,  plain  finish 6  to  8 

Stores,  brick;  shingle  roof,  painted,  good  cornice,  well  finished 8  to  10 

Ordinary  frame  churches  and  schoolhouses;  country 6to8 

Brick  churches  and  schoolhouses;  country 9  to  11 

If  the  roofs  are  sUte  or  metal,  add  H  ct  per  cu  f t. 

Gity  and  Villaga  Propertyt* 
Dwellings,  frame;  shingle  roof,  pine  floors  and  finish,  no  bathroom 

or  furnace,  plain  finish  (good  house) 7to  8 

Dwellings,  brick;  same  class 9  to  10 

Dwellings,  frame;  shingle  roof,  hard-wood  floor  in  hall  and  parlor, 

bath,  furnace,  and  fair  {Numbing 9  to  10 

Dwellings,  brick;  same  class 9  to  11 

Dwellings,  frame;  shingle  roof,  hard  wood  in  first  story,  good  plumb- 
ing, furnace,  artistic  design,  some  interior  ornamentation,  well 

painted it  to  13 

Dwellings,  brick;  with  good  plumbing,  bath,  hot  and  cold  water,  pine 
finish,  well  painted,  no  hajd-wood  finish 12  to  13 

*  If  such  subcontracts  as  plumbing,  heating,  ligfadng^fixtures,  devators,  etc.  are  not 
included,  of  coune  these  figures  will  be  leduced.  See  Cost  of  Rehifoiced-Coacrete  Build- 
ings, page  Z538. 

t  This  table  was  originally  compiled  by  Mr.  F.  E.  Kidder  from  daU  coUectad  from 
various  sources,  and  based  on  prices  prevailinff  in  i9ot.  The  prices  have  been  rcviicd 
to  agree,  as  closely  as  poaalble,  with  those  of  1915.  AU  Ubulataona  of  this  kind,  based  on 
costs  per  cubic  foot  are,  at  best,  only  approximate  averages,  and  useful  only  as  general 
guides. 

t  Lists  sinUIar  to  these  were  first  compiled  by  James  N.  Brown  of  St.  Louis.  Mo.. 
and  with  the  lower  unit  prices  used  in  190a  originally  formed  part  of  the  instnictiooi 
furnished  by  insurance  companies  to  their  adiuaten. 
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Cost  per 
cnbkfooC, 


Abattoizs  and  other  slaughter-houses i6  to  i8 

A^lums,  lunatic;  complete,  including  patients'  wards,  administra- 

b  buildings,  chapel,  hospital,  mortuary,  latmdiy,  workshops, 
all  other  accessories i8  to  28 

Per  patknt $1300  to  $1800 

Bath-bouses;   complete,  or  for  barracks^  but  not 

supplied  with  hot  water 50  to  55 

Per  bath $315  to  $360 

Baths,  public;  comprising  swimming-baths,  slip- 
per-baths, laundry,  caretaker's  quarters,  ma- 

chineiy,  etc.,  complete 34  to  40 

Breweries;  complete,  including  buildings,  cellar- 
age, boilers,  engine,  machinery,  coppers,  liquor- 
-baths»  mash-tubs,  coolers,  refrigerator,  ice 
storage,  pumps,  and  all  other  requirements. .  x6  to  23 

Churches;  plain 18  to  25 

Per  square  foot $5.ooto   $7.25 

Per  sitting $45  to      I60 

Churches;  ornamental 25  to  44 

Per  square  foot $8.00  to  $14.00 

Per  sitting $73  to     $135 

Cotton-mills;  as  generally  constructed 10  to  14 

Per  spindle 25  to   34  cts 

Cow-stables;  complete,  with  iron  finishings  and 

fittings 16  to  18 

Per  square  foot $2.46  to   $3-14 

Peroow $190  to     $212 

Second'Class  stable;  with  common  fittings 12  to  15 

Per  square  foot $i<'85to   $2.25 

Per  cow $145  to     $162 

Third-class  stables;  for  farm,  wooden  fittings 8Htoii 

Per  square  foot $x  .62  to  $1 .68 

Peroow $xooto     $118 

Drifl-haUs  or  sheds  for  infantry 12  to  x6 

Per  square  foot $1.80  to  $1.90 

Electric  stations  of  power-houses;  buikiings 
erected  complete,  exclusive  of  machinery  and 

plant 16  to  19 

Flats,  as  constructed  in  New  York;  comprising  or- 
namental brickwoik  in  front,  elevators,  firo- 
resisting  floors,  and  the  whole  well  finished  in 

ordinary  wood  throughout 32  to  40 

Hospitals;  complete,     including     administrative 

buikfings»  etc 23  to  34 

Per  bed $x  750  to  $2  600 

Cottage-hospitals;  for  small  towns 19  to  25 

Per  bed $1  200  to  $1  750 

Hospitals,  isoUted;  including  all  nursery-buildings.  19  to  25 

Per  bed $2  000  to  $2  600 

Hotels  first-dass;  complete  in  every  particular.. .  35  to  46 

Seoond-dass 26  to  35 

Third-daas Digitized  by  Googl^  *° 
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Coatper 
cnMcfoot, 

Houses^  first  dass;  complete,  in  brickwock  and 
good  substantial  finirfiing\  Lurge  mansions 
with  elaborate  finish; 

Main  building,  i6-ft  ceilings 34  to  45 

Per  square  foot $6.25  to  $7.25* 

Additions,  ix-ft  ceilings x8  tc  23 

Per  square  foot ^2.80  to  $3.40 

Houses,  second  dass;  large  mansions  of  ordinary 
character; 

Main  building,  14-ft  ceilings 25  to  34 

Per  square  foot $4.00  to  $5 .00 

Additions 17  to  23 

Per  square  foot $i,.85  to  $2 .40 

Houses,  third  class;  country-houses; 

Height  of  ceiling,  11  ft 17  to  23 

Per  square  foot $2.40  to  $3,00 

Houses,  fourth  dass;  speculative  buildings; 

Cdlings,  10  ft Z5  to  17 

Per  square  foot $1 .45  to  $1 .75 

Houses,  filth  class;  tenements  and  cottages  to  rent; 

Ceilings,  9  ft 11  to  13 

Per  square  foot $1.23  to  $1 .50 

Hollow-tile  houses,  covered  with  cement  or  stucco, 

about 30 

Libraries;  public,  complete  in  every  particular. . .  18  to  25 

Munidpal  lodging-houses;    for  dties  and  large 

towns 17  to  20 

Per  bed $550  to  $425 

Museums,  public;  for  large  dties 25  to  37 

For  towns 21  to  29 

Music-halls,  complete;  per  head  of  accommoda- 
tions, for  laige  dties $90  to  S145 

For  small  dties  and  towns $4S  to    $80 

Town-halls,  complete;  for  large  cities ! 35  to  40 

For  small  dties  and  towns 25  to  34 

Alternative  prices;  basement 23  to  27 

Superstructure 30  to  40 

Ornamental  towers 44  to  52 

Theaters,  complete;  per  head  of  accommodations, 

in  large  dties ^92  to  $120 

In  small  dties  and  towns , $56  to   $90  or   20  to  50 

ChinaaTS 

Per  foot  oi 
Chimney-shafts,  plain,  as  for  factories,  etc.,  complete,  including    height 
foundations,  iron  cap^  etc.,  height  measured  from  surface  of 

ground  to  top  of  cap;  not  exceeding  xoo  ft  in  hdght I45  to  $$2 

Chimney-shafts  from  100  to  x8o  ft  in  height $50  to  $$8 

Chimney-shafts  from  180  to  250  ft  in  height $56  to  I63 

*  The  prices  per  square  foot,  m  this  and  foDowhig  paragraphs,  are  per  square  foot  of 
floor-area,  counting  all  of  the  aoocs  above  the  basement.    F.  £.  Kidder. 
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RnniplM  <»f  Actul  G6«t  of  Boildingt  per  Cubic  Foot 

In  order  to  Hluatrate  the  subject  further,  a  few  examples  of  recently  erected 
buildtngs  are  given.  The  lists  were  furnished  through  the  courtesy  of  the 
architects  of  the  buildings.  Such  lists  could  be  indefinitely  extended,  but  those 
submitted  are  deemed  sufficient  to  give  some  idea  of  the  similarities  and 
variations  of  costs  baaed  upon  cubage.  With  the  exception  of  reinforced- 
concrete  buildings,  it  is  probably  true  that  for  the  past  twenty  or  twenty- 
five  years  (1890  to  19x5)  the  cost  of  buildings  has  increased,  with  some  varia- 
tions in  the  rate  of  increase,  at  the  rate  of  about  x%  per  year. 

BJounplea  of  the  Actual  Coat  of  BoildiagB  per  Cubic  Foot 
These  buildinga  were  designed  by  Boring  &  Illton 


1 


Approx- 

Cost per 
cubic 
foot. 

Name  and  location  of  building 

Date 

Height  and  type 

imate 

cost 

cents 

Memorial  Hall.  Tome  Insti- 

1900 

Three  stories  and  base- 

1X50 000 

x6 

tute.  Port  Deposit,  Md. 

ment,  fixe-proof 

West  Side  Branch  Library. 

1908 

One  story  and  basement. 

85000 

X7 

Cleveland.  Ohio 

non-fire-proof 

Stamford  Grammar  School, 

Z90B 

Two  stories  and  base- 

50000 

X5 

Stamford.  Conn. 

ment,  non-fire-proof 

St.  Agatha's  School.  87th  St. 

1907 

Six  stories  and  basement. 

275000 

a9 

and  West  End  Ave..  New 

fire-proof 

York  City 

1909 

Five  stories  and  base- 

300 000 

33 

Society.  Jane  and  West  Sts.. 

ment,  fire-proof 

New  York  City 

Eastern      District      Branch 

1906- 

Six    stories    and    base- 

255 000 

37 

Y.M.C.A..Brooklyn.N.Y. 

1909 

ment,  firO' proof 

Tarrytown  Hospital.  Tarry- 

X910 

Two  stories  and  base- 

65000 

36 

town.  N.  Y. 

ment,  non-fire-ixroof 

Blair  Hospital.  Huntingdon. 

1909 

Three  stories  and  base- 

90000 

30 

Pa. 

ment,  fire-proof 

Elisabeth  Library.  Elisabeth. 

19x2 

Three  stories  and  base- 

xooooo 

35 

N.J. 

ment,  nre -proof 

Springfield  Library.  Spring- 

X9oS 

Two  stories,  mezzanine 

350000 

35 

field.  Mass. 

and  basement ,  fire-proof 

Sioux   City   Library,   Sioux 

X9X3 

Two  stories  and  base- 

75000 

aiW 

City.  Iowa 

ment,  non-fire-proof 

521  Park  Avenue,  New  York 

19x2 

Twelve  stories  and  base- 

350 000 

45 

City 

ment,  fire-proof 

United     States     Immigrant 

X898 

Two  stories  and  base- 

625000 

I7V4 

Station,  Ellis  Island.  New 

ment,  fire-proof 

York  Harbor.   Main  build- 

mg 
Hospital  building 

X898 

Three  stories  and  base- 

X50000 

38 

Mount  St.   Mary's  College. 

1913 

Three  stories  and  base- 

350000 

33 

Plainfield,  N.  J. 
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PkrtS 


Name  and  location  of 
boilding 

Date 

Notfli 

Cubic 

contents, 

cubic 

feet 

Apim> 
imate 
Gort 

Copper 
cobk 
foot. 

crats 

Oakland  City  Hall.  Oak. 
land.  Cal. 

Allegheny  County  Sol- 

19x4 
19x1 
X9ia 

Baaed  on  all  oon- 
tncta  except  for 
lighting-fixturee 

2999443 

3S55893 
XX  36x691 

$1400000 

9x3  Tax 

3  744  531 

46M    1 
3a 

33H 

dicTi'  Memorial.  Pitta- 
New  York  State  Educa- 
tion Building.  Albany. 
N.Y. 

Original  contract 
completed.  Dec. 
I9ia 

These  bufldings  were  designed  by  Robert  D.  Kohn 

Name  and  location  of 
building 

Date 

Height,  character  of  oonstructaoo 
and  finish 

Coat  perl 
cubic 
loot, 
cents 

Hermitage    Hotel,    New 
York  City. 

1907 

Sise  of  lot.  so  by  100  ft;  height.  150 
ft;    xs  bedrooms  and   xx   batha 

basement:    power,  electric  light 
and  refrigerating-plants;  complete 
kitchen-equipment;     brick    and 

S«      1 

1 

1 
1 

1 

Trades   School  Building. 

19x0 

Main  wing.  50  by  100  ft,  two  and  one- 
half  stories;  shop-wing.  75  by  xqs 
ft,  one  story,  brick;   shops,  mitt- 
constructed   roof,   cement    floor; 
brick  exterior  throughout;  heating- 

en-floor  oonstruction,  tin  roof,  class- 
rooms plastered;  cheaply  built. 

ZO       . 

1 

\ 
1 

Ethical  Culture  Meeting 
House. 

19x0 

Height.  100  ft;  basement,  assembly, 
room;  main  floor,  auditorium  for 
X  aoo  people;  two  stories  above  audi- 
torium, Sunday  school  and  offices; 
limestone  exterior;  fire-prooc  con- 

3S      1 

Cost  of  Some  Hotable  Buildings  in  Hew  York  City.  Some  of  the  more 
>rominent  buildings  in  the  Borough  of  Manhattan,  City  of  New  York,  are  in- 
:luded  in  the  following  table.  For  all  these  structures  the  pennits  were  israed 
n  191X.  By  reason  of  its  height  the  Woolworth  Building  may  be  considered 
;he  most  noUble  of  the  list.  It  is  not  only  the  highest  building  in  New  York 
I^ity  or  the  United  States,  but  in  the  world.  The  cubic  contents  total  nearly 
12  000  000  cu  ft.  Its  foundations  are  carried  to  rock,  which  is  about  xso  feet 
>elow  the  street-surface.  The  approximate  weight  of  its  steel  frame  b  jj  000 
ons. 
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The  Grand  Central  Station,  as  given  in  the  list,  is  only  a  part  of  the  complete 
terminal,  being  that  part  which  contains  the  passenger-coaconrse  and  the 
waiting-rooms,  restaurant  and  other  parts  that  are  considered  necessary  to  caxe 
for  the  traffic.  The  cubic  contents  of  this  part  total  about  14  000  000  cu  ft. 
Other  parts  of  the  building  were  erected  under  previous  pemxits.  Some  inter- 
esting facts  as  to  the  complete  main  station  are: 

Cost,  about $8  000  000 

Ground-area  above  street-level,  square  feet 266  000 

Additional  station-facilities  under  street,  square  feet 80  000 

Floor-area  devoted  to  station-purposes,  square  feet x  188  000 

Cubic  contents,  about,  cubic  feet 32  857  800 

Sted  used  in  construction,  tons 35  767 

Weight  of  largest  girder  used,  tons -  30 

The  Cost  of  Reixiforced-Concrete  Buildings.*!  In  estimating  the  cost  of 
a  building  by  cubical  contents  or  by  areas  of  floors  the  shape  of  the  build- 
ing in  plan  should  be  taken  into  consideration.  A  long,  narrow  building  will 
cost  more  per  cubic  or  square  foot  than  one  more  nearly  square  in  plan;  and  in 
computing  costs  by  the  cubic-foot  or  square-foot  unit  prices  these  conditions 
as  well  as  the  judgment  and  experience  of  the  architect  or  engineer  who  makes 
the  estimates  affect  the  accuracy  of  the  results.  The  following  notes  quoted 
from  data  furnished  by  the  architects  and  engineers  of  the  buildings  mentioned 
include  useful  Information  relating  to  costs  of  some  contemporaneous  reinforccd- 
concrete  buildings  of  different  types,  erected  in  Philadelphia  and  vidnity. 

(1)  "A  reinforced-concrete  building  of  the  factory-type,  erected  (1914-15) 
in  the  City  of  Philadelphia.  It  is  a  concrete  cage,  with  no  brick  veneer,  four 
stories  in  height,  no  basement,  size,  60  by  159  ft,  stair-shafts  and  elevator- 
shafts  projecting  beyond  the  building;  cubical  contents,  603  000  cu  ft.  The 
cost,  without  equipment,  is  7}i  cts  per  cu  ft.  Drainage  b  included  in  this 
price,  but  no  plumbing,  heating,  lighting  or  elevators.  The  total  floor-area  of 
the  building  is  40  140  sq  ft  and  the  cost  per  square  foot  b  $i.i4H.  This  is  built 
according  to  the  building  laws  pf  Philadelphia. 

(2)  "  A  iciLL-coNSTRUCTED  BUILDING,  about  the  Same  size  as  building  (i), 
recently  erected  in  a  manufacturing  town  forty  miles  from  Philadelphia.  It  is 
four  stories  in  height  and  has  a  part-basement,  a  wing  30  by  40  ft,  and  a  one- 
story  boiler-room  and  engine-room.  The  total  cubical  contents  are  524  160 
cu  ft,  and  the  cost,  6H  cts  per  cu  ft.  The  total  floor-area  is  37  900  sq  ft,  and  the 
cost,  $0.85  H  per  sq  ft.  This  is  without  power,  heat,  or  light.  There  are  a  few 
plumbing-flxtures  in  this  building. 

"In  comparing  the  costs  of  the  two  buildings,  it  must  be  borne  in  mind  that 
one  is  located  forty  miles  from  Philadelphia,  and  was  not  erected  under  the 
rigid  building  laws  that  are  in  force  there.  It  b  usually  possible  to  erect  a 
building  of  any  type  at  less  expense  outside  of  Philadelphia  than  in  that  dty 
and  this  can  probably  be  said  of  any  dty  where  there  are  no  state  building  codes. 

(3)  "A  MILL-CONSTRUCTED  BUILDING,  three  stories  in  hdght,  erected  in  1906 
in  Camden.  N.  J.,  and  having  57s  ©44  cu  ft.  It  cost  7  cts  per  cu  ft.  It  has 
38  912  sq  ft  of  floor-area,  at  a  cost  of  $1.04  per  sq  ft.  This  price  b  without 
power,  heat,  light,  or  elevators,  but  includes  some  plimibing. 

(4)  "The  new  munidpal  repair-shop  of  the  Dty  of  Philadelphia.  Thb  b  a 
reinforced-concrete  building  with  brick  veneer  of  an  ornamental  type^  and  cost 
9H  cts  per  cu  ft  for  i  o8p  591  cu  ft  or  $1.74  per  sq  f t  for  57  323  sq  ft  of  total 

*  Valuable  data  on  this  subject  baa  been  funusbed  the  Editor  by  Ballinger  &  Fenxit. 
the  architects  and  engineers  of  the  five  reinforced-concrete  buildings  dcaczibed. 
t  See,  also,  page  1532. 
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floor-area.  This  is  without  plumbing,  power,  heat,  light,  or  elevators.  The 
relatively  high  cost  per  square  foot  for  this  building  is  due  to  the  fact  that  the 
crane  run-way  takes  up  a  considerable  portion  of  the  building,  so  that  a  floor 
is  omitted  where  the  crane  is  placed,  and  the  floor-area  accordingly  reduced. 

(s)  "The  new  building  for  the  Automobile  Club  of  Philadelphia.  This  is 
a  three-story  building,  of  reinforced^oncrete  cage-construction,  and  contains 
I  341  966  cu  ft,  at  a  cost  of  loH  cts  per  cu  ft.  The  total  floor-area  is  90  602 
sq  ft,  costing  $1.54  per  sq  ft.  This  is  without  power,  heat,  light,  or  any  equip- 
ment, but  includes  plumbing.  The  shape  of  thb  building  favors  economy  of 
construction,  as  it  is  nearly  square  in  plan." 

In  summing  up  the  conclusions  arrived  at  in  regard  to  the  average  costs  of 
reinforced  buildings,  £.  G.  Perrot  states  *  that  the  cost  can  best  be  considered 
by  classifying  them  under  three  general  heads: 

(x)  Warehouses  and  manufactories.    Cost,  from  8  to  11  cts  per  cu  ft. 

(2)  Stores  and  loft-buildings.    Cost,  from  11  to  17  cts  per  cu  ft. 

(3)  MisceUaneous  buildings,  such  as  school-houses,  hospitals,  etc.  Cost  from 
IS  to  20  cts  per  cu  ft. 

Cost  of  Mills  and  Factories  Built  on  the  Slow-Bnming  Principle. 
For  data  relating  to  total  and  unit  costs  of  buildings  of  this  type,  see  Chapter 
XXn,  pages  802  to  810. 

Percentages  of  Cost  of  Items  of  Construction  in  Fire-Proof  Btdldings 

The  tables  t  on  the  following  six  pages  show,  on  pages  1540  to  1545,  the 
DrvBiON  OF  THE  COSTS  of  flre-proof  buildings  among  the  different  materials  and 
parts  of  the  construction,  the  data  having  been  furnished  the  compiler  by 
architects  and  builders  in  the  cities  mentioned  in  the  tables.  Each  column  of 
values  in  the  tables  gives  the  data  for  an  individual  building,  except  the  values 
for  New  York  City,  in  the  second,  third  and  fifth  columns,  which  show  the 
averages  for  a  large  number  of  buifdings.  The  tables  on  the  first  fotu:  pages 
include  only  buildings  approximating  closely  the  standard  specifications  of  the 
National  Board  of  Fire  Underwriters.  The  tables  show  that  the  foundations 
and  steel  frames,  the  only  parts  little  damaged  in  conflagrations,  represent, 
approximately,  only  25%  of  the  entire  sound  value  of  a  building.  For  example, 
in  the  tables  on  the  first  four  pages,  the  average  cost  of  all  the  foundations  is 
8%,  while  the  average  cost  of  the  steel  frames  is  17.88%.  The  tables  show, 
also,  on  pages  1544  and  1545  the  percentages  of  cost  of  the  classified  items  of 
construction  of  eight  buildings  damaged  by  the  Baltimore  conflagration  (1904), 
the  averages  of  these  eight  buildings  being  given  in  the  last  column. 

*  See  "  Compafative  Costs  of  Reinforced  Concrete  Buildings."  by  £.  G.  Penot,  in 
Proceedings  of  the  National  Association  of  Cement  Users,  Vol.  V,  1909. 

t  The  Ubies  on  the  fint  four  pages  were  compiled  by  F.  J.  T.  Stewart,  Continental 
Insurance  Company,  and  those  on  the  Uist  two  pages  by  the  Baltimore  Committee  of 
the  National  Board  of  Fire  Underwriters.  All  are  reproduced,  by  peraiission,  from  J.  K 
Frettag's  Fire  Prevention  and  Fire  Protection.  Those  parts  of  the  Baltimore  tables 
which  gave  the  proportion  of  fire-damage  to  sound  value  of  the  various  items  have  been 
omitted  as  tins  article  of  the  Pocket-Book  deals  more  especially  with  original  costs. 
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Cost  of  Different  Kinde  of  Work  per  Cttbic  Foot  of  Btdldia^ 

Some  estimates  *  have  been  made  by  F.  W.  Fitxpatrick  showing  the  vrnpcut' 
tionate  cost  or  the  different  branches  of  work  which  go  to  make  up  a 
completed  building.  Believing  that  these  data  will  be  found  useful  in  "*»fc^g 
up  approximate  estimates,  Mr.  Kidder  obtained  permission  to  use  them  in  the 
Pocket-Book.  The  following  figuies  represent  the  actual  cost  of  a  tek-stobt 
office-building,  6o  by  130  ft  in  plan,  built  in  the  Middle  West,  a  first-ciasB 
fire-proof  structure,  with  two  street-fronts  faced  with  granite  and  resting  00  a 
pile  foundation. 


Kind  of  work 

Per  cubic 
foot  of 
entire 

building, 
cents 

Kind  of  work 

Percabie 
Ibotof     < 
entire 

building, 
cents 

Fonndntions 

iiH 

H 

H 
iH 

a 
3W 

iH 
Ma 

H 

Heating    

iH 

Steel  framing 

Plambtng 

H 

Granite  and  all  masonry. . 
Cornice,   roofs  and  sky- 
lights  

Elevators 

I 

Stairs,    scenic   structural 
framing.  "  making  ends 
meet,"      lamp-fixtures, 
etc.       What  might  be 
called  a  fair  amount  for 
"  contingencies  "        in 
sudh  a  building,  includ- 
ing lesser  items  not  men- 
tioned here  but  grouped 
together 

Partitions,  tile 

Elevator-fronts  and  all  or> 
namentat  metal  work. . . . 
MftrW^^^ork  ...... 

1 

Hardware 

' 

Joiners*  work 

iH        1 

f^lflffi 

Architect's  fee 

Painting  and  varnishing. . . 
Blectric  wiring 

Total 

34M,        ' 

1 

The  Chicago  post-office  building,  containing  12  000000  cu  ft  and  of  mooih 
mental  character  and  finish,  cost,  in  some  of  its  items,  as  follows: 


Kind  of  work 

Per  cubic 
foot  of 
entire 

building, 
cents 

Kind  of  work 

Percuhic  I 

fbotof 

entire      ' 
building.   , 

cents 

Foundations 

13W 

H 

Ornamental  mctalwork. . . . 
Marble 

aVi 

Steel  framing 

5%         ' 

Gmnite  and  masonry 

Plumbing 

H 

Heatins 

xH 

Plaster,  plain  and  omar 
mental ... 

It  win  be  noticed  that  the  rdative  cost  of  several  of  these  items  is  the  same 
as  in  the  office-building.    The  total  cost  of  this  building  was  4aH  cts  per  en  ft. 

•  Published  in  "Fiieproof."  Maich.  1903. 
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Coft  of  Bttfldinct  p«f  Square  Fdet 

One-Story  Buildings  of  Large  Area,  such  as  exposition-buildings,  etc., 
may  be  estimated  almost  as  accurately  by  the  square  foot  of  ground  covered  as 
by  the  cubic  foot  of  building,  as  there  are  few  or  no  interior  partitions,  and  usu- 
ally no  plastering  or  interior  fiiush. 

Iron  and  Steal  Buildhiga.  "Roughly  speaking,  the  cost  of  one-story  iron 
and  steel  buildings,  complete,  is,  for  sheds  and  stozage>hous^  from  40  tO'6o  cts 
per  sq  ft  of  ground,  and  for  such  buildnga  as.  raachine-ahopsi,  foundriest  and 
electric-light  plants,  tliat  are  provided  with  traveling  cranes,  the  cost  b  from  60 
to  90  cts  per  sq  ft  of  ground  covered,"  * 

Stractural  Steel.  For  estimates  of  ,cost  of  structural  steel  for  buildings, 
see  pages  1534  to  1527. 

Wooden  and  Brick  MiUa  and  Warehouaea.  See  Chapter  XXII,  pages 
S02  to  810. 

Expoaition-Bttlldings.  The  cost  t  of  the  World's  Fair  buildings  (Chicago, 
1893)  per  squane  foot  of  ground  covered,  including  sculpture  and  decoration, 
was  as  follows: 

Manufactures  and  Liberal  Arts  Building $1 .39 

TransporUti6n  Building .:...■ .:  .i .;.-.. .     x  .08  ' 

Electricity  Building 1.69 

Machinery  Hall 2. 12 

Agricultural  Building i  .44 

Administration  Building 9. 18 

Horticultural  Building. 1.41 

Mines  and  Mining  Buildhig. 1.04 

Fisheries  Biiildmg ." 2.3s 

Forestry  Building ; . .    0.75 

Cost  of  Structurea  for  the  St.  Louis  Exposition  (1904).    The  following 
figures  were  issued  by  Isaac  S.  Taylor,  at  that  time  Director  of  Works,  of  the 


Btalding 


Art 

Two  Art  Pavilions,  each 

Art  Building  Annex 

Government  Building 

Government  Fisheries 

Mines  and  Metallurgy 

Liberal  Arts 

Education  and  Social  Economy. 

Manufactures 

Electricity 

Varied  Indtastries 

Machinery 

Steam.  Gas  and  Fuel 

Transportation 

Horticulture 

Agriculture 

Forestry.  Pish  and  Game .' . 


Festival  Hall. 


Dimensions, 
ft 


161X346 
04X443 
106X1SO 
200X736 
136X136 
S2SX7SO 
S2SX7SO 
S25X7S« 
52SXI20O 
525X758 
525X1200 
525X1  000 
301X326% 
S25Xr  300 
374X782 
500X1600 
3o6X6bo 
195  in  diam- 
eter, exclusive 
of  annex 


Area. 


1.42^ 

3-14  f 

0.4X 

3.86 

0.42 

9.08 

8.80 

7-70 
13.47 

6.67 
10.28 

9  48 

2.25 
15.70 

5. 42 
18.62 

4.07 

1.09 


Total  cost 


«9^7  8^3-90 

39388.99 
328980.00 

45000.00 
488848.50 
471  820.9s 
323950.75 
711  510.00 
408531.57 
704067.96 
509110.50 
135480.00 
674853.42 
225342.27 
520491  07 
168883.38 

215  899.00 


Cost, 
sqft 


15  45 

2.48 
2.23 
2.43 
1.24 
1.20 
0.81 
1.13 
1.03 
1. 12 
0.97 
1.38 
0.99 
0.77 

0.58 
0.94 


*  H.  G.  TyrrdL  f  Given  by  E.  C.  Shankland,  chief  engineer. 
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World's  Fair,  showing  the  area  and  cost  of  the  principal  exfaibition-baiidiogs. 
The  total  area  of  twenty-two  buildings  was  123.51  acres,  and  the  tota.1  cost 
^  939  993'36.  The  cost  was  for  the  bare  buildings,  and  did  not  indude  acuip- 
tunl  or  other  decorations,  or  the  architects'  compensation. 

Recent  Exposition  Bofldings.  The  cost  of  buildings  of  this  character, 
erected  since  1904,  shows  a  pretty  ceoeral  increase  up  to  1914,  with  occationil 
variations  in  the  rate  of  change^  of  from  z  to  s%  per  year. 

Cost  of  United  States  Oovemmont  Biddings.  There  was  pubSshed  in 
1900,  by  the  United  States  Treasury  Department,  a  history  of  the  public 
buildings  of  the  United  States,  giving  their  cost,  and  in  tgoa,  there  was  pub- 
lished *  a  list  of  287  buildings,  giving  the  cost  per  cubic  foot,  the  material 
used  for  the  walls  and  the  date  of  erection.  There  was  also  published,  in  19x0^ 
by  the  Committee  on  Public  Buildings  and  Grounds  of  the  United  States  Senate, 
a  list  of  sites  and  plans  for  public  buildings,  giving  data  of  much  value  in  regaxd 
to  the  cost  of  public  buildings,  their  cubical  contents  and  their  cost  per  cubic 
foot,  including  buildings  erected  from  x8z6  to  19x0.  "As  a  rule,  these  buildings 
have  cost  more  per  cubic  foot  than  private  buildings,  so  that  their  cost  caimot 
always  be  used  as  a  guide,  except  for  government  buildings."  f 

Unit  Meet  per  Cnbic  Foot  for  Recent  OoTomment  BulldincB  of  the 
Same  Type.t  The  data  included  in  the  fdlowing  paragraphs  reUte  to  federal 
buildings  recently  erected  or  in  process  of  construction  in  19x4.  They  are  of 
certain  vxxed  types  and  in  different  parts  of  the  United  States.  The  buildings 
are  post-office  buildings  and  the  location,  biief  description  of  the  general  con- 
struction, ground-area  covered,  cubical  contents  and  comparative  rates  per 
cubic  foot  are  given.  The  buildings  are  grouped  under  five  different  types»  and 
the  VAUATIONS  IN  COSTS  PEK  CUBIC  FOOT  of  stmihr  or  identical  buildings  In  each 
type,  located  in  different  sections  of  the  country,  are  shown.  Following  these 
five  types  is  a  list  of  buildings  of  various  sixes  and  descriptions  showixig  the 
variations  in  the  cubic-foot  rates.  The  conclusions  arrived  at  and  summarised 
at  the  end  of  the  lists,  Include  a  table  which  shows  what  b  considered  by  the 
office  of  the  Supervising  Architect  to  be  a  fair  difference  in  cost  of  buiidings 
OF  THE  SAME  TYPE  In  different  sections  of  the  United  States.  It  b  considered, 
also,  by  thb  office,  that  the  method  of  estimating  the  cost  of  buildings  by  a 
cubic-foot  unit  price  b  productive  of  very  uncertain  results,  inasmuch  as 
there  are  many  variable  conditions  entering  into  the  construction  of  buildings 
located  in  different  localities.  The  principal  items  affecting  the  cost  of  similar 
types  of  buildings  are: 

(i)  Labor;  rates  and  efficiency. 

(3)  Materiab;  quality  and  freight-rates. 

(3)  Season;  time  of  year  when  building  is  constructed. 

(4)  Contractors;  finances,  ability,  equipment,  overhead  expenses  and  maigiB 
of  profit  desired. 

*  Published  in  the  Architects'  and  BoOders*  Magarine,  Aug.,  1903,  and  in  the  Inknd 
Architect  April,  1902. 

t  F.  E.  Kidder,  in  previous  editkms  of  the  Pocket-Book. 

t  The  inf ormatioD  rebting  to  the  cost  of  recent  govemmcBt  buikUngs  of  certain  types 
was  furnished  by  J.  W.  Cinder,  Superintendeat  of  the  Computbg  Diviskm,  Office  of 
the  Supervising  Architect,  by  permiiaioa  of  Mr.  O.  Weudcroth,  the  Supervismg  Arch- 
itect through  whose  courtesy  and  valuable  at^'stanrr  the  editor  is  able  to  present  the 
data  referred  ta  The  editor  regrets  that  limited  space  prevents  the  reproductkai  of  a 
carefully  prepared  and  most  interesting  series  of  photographs  of  the  pbns,  devations 
and  sections  of  the  govemment  buildings,  the  costs  of  wfakh  per  cnbk  foot  are  hen 
discussed. 
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C5>  location;  as  to  supply-centen^  distance  from  railroads,  and  fadlities  for 
liitnHHng  materials. 

Variationa  in  Unit  Costs  of  Ideniiesl  Bvlldinct  in  DilToront  Localitioi. 
In  order  to  compare  the  costs  of  identical  buildings,  with  slight  modification 
only,  the  following  are  given  as  examples,  to  show  the  variance  in  different 
locsJitiea. 

Xypo  I.  Post-office  buildings  at  Grenada,  Miss.,  BennettsviUe^  S.  C,  Cov- 
iii«ton»  Tenn.,  and  Burlington,  N.  J. 

Description.  Main  building,  two  stories  and  basement;  rear  projection,  one 
ntory  and  basement;  non-fire-proof  const^ction  throughout;  brick  fadng;  stone 
trim;  wooden  cornice;  slate-covered  gable  roof,  with  dormers  over  two-story 
portion,  and  flat,  composition  roof  over  one-story  portion. 


Area  and  contents 


Ground-area 

Cubical  contents. 


38s5sqft 

ijS  aio  cu  ft 


Rate  per  cubic  loot 


Location 


Non-fir»>proof 


First  floor, 
fire-proof 


Grenada.  Miss...., 
Covington,  Tenn. . 
BennettsviUe.  S.  C. 
Burlington.  N.J... 


10.33a 

0.31S 
0.304 
0.393 


10.337 
0.334 
0.309 
0.396 


Type  a.  Post-office  buildings  at  Winchester,  Tenn.,  McPherson,  Kan.,  and 
Longview,  Tez. 

Description.  Main  building,  two  stories;  rear  projection,  one  stoiy;  partly 
excavated  basement;  non-fire-proof  construction  throughout;  brick  fadng; 
stone  trim;  wooden  cornice  and  piksters  at  front  entrance;  slate<overed  gable 
roof  with  dormers  over  two-story  portion,  and  flat,  composition  roof  over  one- 
story  portbn. 


Aiea  and  contents 


Groonderaa, 
Cubical 


38assqft 
X3S  aio  cu  ft 


Rate  per  cubic  foot 


Location 


Noorfire>proof 


Fifst  floor, 
fireproof 


Winchester.  Tenn. 
McPhenon.  Kan. , 
Longview,  Tex... 


I0.344 

0.34« 
0.333 


I0.350 
0.351 
0.337 
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Ttpe  3.    Post-office  buildings  at  Cookeville,  Tenn.,  and  Jackson,  Ky. 

Description.  Three-story-and-basement  building;  stone-faced  to  top  of 
course  over  wateirtahle;  selected,  common-brick  facing  and  ornamental  terra- 
cotta trim;  composition  and  slate  roof  and  non-&re-proof  construction,  except 
the  first  floor. 


Area  and  contents 

494s  SQ  ft 
agojoocuft 

Cubical  contents 

Rate  per  cubic  foot                                                     ' 

Cookeville  Tenn                                            

%o.27S 
0.369 

Jackson.  Ky ^ 

Type  4*  Post-office  buildings  at  Garden  City,  Kan.,  and  Lake  City,  Minn, 
(identical  buildings). 

Description.  One-story-and-basement,  brick-faced  building,  with  stone  water- 
table  course  and  trimmings  and  ornamental  terra-cotta  cornice,  architrave  and 
parapet-coping;  non-fire-proof  construction,  except  the  first  floor;  compositiott 
roof. 


Area  and  contents 

Qfound-arca 

3888  sq  ft 
141  456  cu  ft 

Cubical  contents 

Rate  per  cubic  foot 

Garden  City.  Kan 

I0.405 
0.341 

Lake  Citv  Minn  .        . .' .  

! 

Type  5.    Post-office  buildings  at  Abilene,  Kan.,  and  Bellefontaine,  Ohio. 
Description.    One  story  and  basement;    stone  facing;    granite  steps,  etc.; 
tin  roof;  fire-proof  construction,  except  roof. 


Aroa  and  contents 

rwrniind-ami , ,  ».•■ ,  t  -  r , , ,  t  t  - 1 1  -  -  - 1 ,  -  - 1  -  t  - 

SOQOsqft 

ZfliSOOOCttft 

Cubical  content* ,.-.,,.-,.,, , 

■ 

Rate  per  cubic  foot 

Abilene.  Kan 

•0.359 

0.367 

Bellefontaine,  Ohio 

Buildings  of  Various  Sixes  and  DescriptioBS.  The  foUowing  list  is  for  build- 
ings of  various  sizes  and  descriptions  throughout  the  country  and  shows  tbe 
variance  in  the  cubic-foot  rate. 
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Post-office  building  at  New  Rochelle,  N.  Y. 

Description.  This  building  is  of  an  irregular  plan;  two-story  and  basement; 
center  pavilion;  sides  and  rear  one-story  and  basement;  clearstory  over  work- 
room; stone  facing  to  first-floor  level;  brick  facing  above  this  point,  with  terra- 
cotta trim  and  cornice;  composition  roof;  fire-proof  construction. 


Ground-^irea « 

7  512  sq  ft 
258  900  cu  ft 
10.259 

Cubical  contentii 

Rate  per  cubic  foot 

Post-office  building  at  Mobile,  Ala. 

Description.  Front  portion,  two  stories,  and  rear  portion,  one  story  over 
workroom.  Only  a  small  portion  of  basement  excavated  for  heating-plant. 
Main  building  faced  with  limestone  and  rear  second  story  portion  with  orna- 
mental terra-ootta.  Fire-proof  construction;  k>ng  and  short  spans,  and  con- 
crete joists  with  tena-cotta.  fillers;  capper  deck  and  Spanish-tile  roofs. 


Ground-area ,».,.... 

iS  QS4  sq  f t 
670  476  cu  ft 
•0.341 

Cubical  contents 

Rate  per  cubic  foot 

Postroffice  buikling  at  Muskogee,  Okla. 

Description.  A  four-story-and-baaemeat  building.  Granite  to  the  first- 
floor  line,  stone-faced  above  (except  in  interior  court,  which  is  brick);  terra- 
cotta cresting  at  roof;  copper  roofing  and  fire-proof  constnv:tion  throughout. 
Both  standard  types  of  concrete  and  terra-cotta  floor-construction.  Monu- 
mental in  design.  Corinthian  colonnade  at  entrance.  Eight  heavy  bronze 
lamp-standards.  Bix  flights  of  marble  stairs.  Entire  lobby  of  marble^  and 
very  ornamental  plaster-work  in  lobby  and  court-room. 


90  400  sq  ft 
X3aS6ttfcttlt 
So.  43 

Cubical  contents. *..,........ 

Rate  per  cubic  foot  ..... 

Post-office  building  at  New  Bedford,  Mass. 

Description.  One  stoty,  basement  and  meszanine  with  clearstory  over 
central  portion;  granite  facing,  except  clearstoty,  which  is  faced  with  terra- 
cotta; main  roof  of  compositjon;  deaistory  roof  of  copper;  fire-proof  con- 
struction. 


Ground^irea. , 

27  750  »q  ft 
I  080  690  cu  ft 
I0.323 

Cubical  contents 

Rate  per  cubic  foot 

Post<office  building  at  Newark,  Ohio. 

Description.  Two-story,  basement  and  unfinished  attic.  The  workroom  ex- 
tends through  two  stories.  Offices  in  second  story  over  balance  of  building. 
Fire-proof  construction  throughout.  Terra-cotta  floors,  ceilings,  roofs,  parti- 
tions, furring,  etc.  Exterior  faced  with  pink  granite  to  the  first-floor  level  and 
with  white  marble  above,  including  cornice,  parapet,  etc.  Flat  tin  roof;  bronze 
grilles  at  first  and  second-story  windows  on  front  of  building.  Cast-iron  grilles 
at  first-story  and  basement- windows  on  sides  and  rear;  bronze-faced  post- 
office  screens,  desks,  revolving  doors,  vestibules*  etc,  and  drawn-bronze  covered 
sashes,  window-frames,  doors,  etc.,  in  lobby.  Caen-stone  cornice  and  coffered 
ceiling  in  lobby.    Bronze  and  marble  stairs  to  second  story. 
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6  9xa  sq  ft 
369  640Cttft 
lo.4«7 

Cubical  oontento 

Rate  per  cubic  loot 

Post-office  building  at  Minot,  N.  D. 

Description.  Three-story-and-basement  building;  fire-proof,  except  twd, 
which  is  plank  on  sted  beams;  stone  fadng  to  second-story  window-silb;  brick 
fadng  above,  with  stone  cornice,  parapet-coping,  etc. 


6700  sq  ft 
4a7doocttft 
I0.3JB 

Cubical  content* 

Rate  per  cubic  foot 

Post-office  building  at  McAlester,  Okla. 

Description.  Three  stories  and  basement;  fire-proof,  eioept  roof;  ten»-' 
cotta  floors,  etc.;  suspended  ceilings;  stone  fadng  to  second-floor  level;  brick 
facing  above,  with  stone  trim;  cornice  and  balustrade;  tin  roof. 


Gnnmd-area 

Cubical  contents. . . 
Rate  per  cubic  foot. 


74Saaqft 
394  76s  cu  ft 
10.38 


Post-office  buildfaig  at  North  Tonawanda,  N.  Y. 

Descriptbn.  The  building  has  two  stories  and  basement;  granite  to  the 
first-floor  line;  brick-faoed  above  with  stone  trimming  and  slate  roof;  fiie-pcoof 
construction  to  and  incliidlng  the  second  floor. 


Ground-ana. 

5475  sq  ft 
STfiaaocttft 
$0,269 

Cubical  contents 

RAte  oer  cubic  loot  ......................... 

Coadttiiima  Regarding  YariationB  in  Unit  Costa.  In  the  foregoing 
unit  costs,  the  approach-woek,  such  as  walks,  platfonns,  terraces,  etc.,  is  in- 
cluded. This,  in  some  cases,  is  quite  expensive,  and  is  generally  from  5  to  xo% 
of  the  entire  cost  of  the  building.  In  federal  buiklings,  there  are  many  require- 
ments not  met  with  in  the  ordinary  mercantile  buikUngs,  and  the  permanent 
character  of  the  building  necessitates  all  materials,  workmanship  and  construc- 
tion to  be  of  the  very  best  in  each  case.  This  is  guaranteed  by  iron-ckd  speci- 
fications, k>ng-time  guarantees  for  several  items  of  the  work,  and  prrnonal 
government  inspection.  The  office  of  the  supervising  architect  has  deter- 
mined that  the  relativb  incebasb  in  cost  of  bdkiings  througlurat  the  country 
over  the  cost  in  the  Mississippi  Valley  district  is  about  as  follows,  taking  the 
Mississippi  Valley  district,  as  a  base,  at  zoo%,  and  the  labor  and  maiket-oon- 
dltions  which  prevailed  In  October,  19x4. 


Percent 

MiastatipDi  Valley  district 

xoo 
xxo 
xxs 

100. 

13© 

ISO 
MS 

Nf!w  Rnriand  (vxceot  Maine) 

Maine 

Southern  States 

Northwfsst  Mountain  district 

Southwest  Mountain  district 

Pariflc  Coast    

yGoogk 


CoA  o£  Govenune&t  Bufldia^ 
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In  the  gronirfiiff  of  districts,  the  Mississippi  VftUey  district  is  faitoided  to 
cover  the  Middle  States  as  Car  east  as  Ohio  sod  Pennsylvania,  and  the  states* 
generally,  bordering  on  the  western  bank  of  the  Idississippi  River.  This  is 
found  to  be  a  part  of  the  oountiy  in  which  the  lowest  prices  have  been  ob- 
tained. The  other  districts  represent  tlie  approximate  greater  cost  for  buildings 
over  that  in  the  Mississippi  Valley  or  Bfiddle  States,  and  a  intended  to  repre- 
sent the  DOTBKENCX  IN  COST  AT  ANY  TIME;  but  is  i¥>t  intended  to  represent 
the  difference  in  cost  at  different  periods. 

Bliifltimtlmi  of  Yafiatlmi  in  Co«t  of  Bufldiiict  of  Ideatictl  Atm  and 
Conttntt.  The  foUowing  notes  are  taken  from  photographs  of  drawings  and 
from  data  accompanying  them.*  The  drawings  were  for  a  Post-Office  build- 
ing at  Menomonie,  Wis.  This  buikling  contains  4  770  sq  ft  of  ground-area, 
and  the  cubical  contents  are  147  570  cu  ft.  The  contract  was  awarded  (1913) 
for  $45  380,  or  at  the  rate  of  |o^o8  per  cu  f t.  It  is  a  one-story-and-basement 
building,  faced  frith  brick,  with  stone  water-table^  brick  parapet  and  tin  and 
composition  roof.  The  first  floor,  only,  is  fire-proof.  Proposals  were  opened 
(1914)  for  a  Post-OfBoe  buikling  at  Uvalde,  Tex.  Thb  buikling,  except  for 
some  slight  modifications,  b  as  neariy  Mke  the  Meoomonie  building  as  it  is 
possible  to  make  it  without  using  the  same  drawings.  The  ground-area  of  the 
Uvalde  building  is  4  672  sq  ft  and  the  cubical  contents,  151  87s  cu  ft.  The  work 
in  amnectioa  with  the  approaches  is  practically  the  same  as  that  at  Menomonie. 
If  these  buildings  had  been  erected  in  the  same  town,  it  does  not  appear  that 
there  would  have  been  any  difference  in  the  costs,  but  the  bwest  proposal 
received  for  the  Uvakle  buikling  was  $56  400,  or  at  the  rate  of  I0.37Z  per  cu  ft. 
A  comparison  of  the  amounts  for  these  two  buiklings  further  illustrates  the 
unreliability  of  any  universal  application  of  the  cubic-foot  rate  in  determining 
the  costs  of  buiklings,  and  also  shows  that  the  difference  in  cost  of  €onstructk>n 
of  buildings  in  different  sectkms  of  the  country  varies  considerably. 

CoeC  per  Cubic  Foot  of  Somo  Important  Fodcral  Bnildinga.  The  follow 
ing  tabulatioiw  contain  additional  unit  costs  and  other  datajor  public  buildings. 

Cost  yer  Cubic'  Toot  of  Some  of  the  larger  PabUe  Bafldlngs 


Location  and  building 


Cost  per 

cubic  looc, 

oenta 


New  York.  N.  Y..  Gastom-House  (completed  1908) 

Cleveland.  Ohio.  Post-Office.  Custom-Hoase  and  Court-Houae 
San  Fraodico.  Cal..  New  Post-Offlce  and  Court-House  (completed 
I906)- 


Denver.  CoL,  new  Mint  (compktod  1905) 

San  Fraadaoo.  CaL,  Sabtreasury  Building  (estimated) 

Baltimore.  Md.,  new  Custom-Hooae  (completed  1908) 

Washington.  D.  C^,  Senate  Office-Building 

Salt  Lake  City,  Utah,  Pbst-Offioe  (completed  1905) 

Indianapolis.  Ind.,  new  Post-Office  (completed  1908) 

Philaddphia,  Pa.,  new  Mint  (completed  1901) 

Washington.  D.  C,  National  Museum  Building 

Washington,  D.  C.  Agrieultuiml  Buildings  (portions  completed). , 
Washington,  D.  C.  House  Office-Building 


74 
6S 

66 

65 
60 
55 

5°- 


43 


■  These  photogrM>lis  of  plans,  elevations  and  wctions.  together  with  many  othen.  and 
aoooDpanyiag  ezplanatioos  and  data,  weie  furnished  the  editor  by  J.  W.  Cinder,  Super- 
intendent of  the  Computing  Dtvisaon.  Office  of  the  Superrismg  Architect,  by  permission 
of  Mr.  O.  Wenderoth,  the  Supervising  Architect,  and  have  been  of  great  astistancr  m 
the  prcsenUtion  of  notes  on  the  cosU  of  buildings.  r^^^^T^ 
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Coic  p«r  CMc  Voot  and  ptr  SofUtf*  Foot  ol  Soma  N«w  PttbHc  Bttildiiici  * 


Facing 

Cost 

Contents, 
cuft 

Area. 

•Qlt 

Cost 

Cuft 

Sqft    1 

Grahiie 

Marble 

Stone 

Limestone 

Brick 

Limestone 

Granite 

•a7X297 

288  «oo 

109  709 

95  900 

8153a 

XX6689 
295051 

793  7» 
576000 
377668 
2562x0 
2562x0 
448300 
to8oooo 

15600 
XX  000 

IX  000 

6470 
6470 
9984 

9I73« 

•0.342 

o.soo 
CU3S0 
0,373 
0.318 
0.360 
O.30O 

817.40 
26.20 

12. OD 
14.80 

r2.6o 
11.70 
13.50 

Augusta,  Ga 

South  Chica^y  lU. . . . . 
Long  Branch,  N.  J..i.. 

Plymouth,  Mass. 

Piqua,,  Ohio 

New  Bedford,  Mass. . . 

DepndAtloii  of  Buildings  f 

Dtscoimts  from  Valuos  of  New  BisililiaKS.  The  figures  given  on.  the  pre- 
ceding pages  are  for  new  huildiogK.  To.aaoectain  their  value  at  any  time  sub- 
sequent to  their  erection,  a  discount  from  the  value  when  new  should  be  made 
as  follows: 

Per  cent  per  year 

Brick,  occupied  by  qwner. 1     to  iM 

Brick,  occupied  by  tenant ^ iW  to  ij-i 

Frame,  occupied  by  owner 2     to  2H 

Frame,  occupied  by  tenant 2H  to  3 

If  built  of  long-leaf  yellow  pine,  or  of  spruce  from  the  New  England  States^ 
add  from  20  to  50%,  or  if  of  short-leaf  yellow  pine,  add  from  40  to  50%  to  these 
values.  If  of  redwood' or  cedar  from  the  Pacific  Coast,  use  about  one-half 
these  estimates,  which  art  for  white  pine  or  white  pine  with  oak  framing-timbers. 
These  figures  for  depreciation  are  to  include  buildings  in  which  ordin&ry  repairs 
have  been  made.  If  extraordinary  repairs  have  been  made,  the  discount  should 
not  be  so  heavy.  Good  judgment  must  be  used  in  estimating  the  amoimt  of 
depreciation  in  buildings.    * 

The  Depredation  of  Mill-Bitildinge.  The  annual  depredation  of  a  mill- 
building  of  slow-burning  construction  varies  from  i  to  iH%,  while  the  de- 
preciation of  a  reinforced-concrete  factory-building  is  relatively  much  less, 
since  it  b  confined  entirely  to  such  details  as  windows,  door%  roofing,  etc 

The  Wear  and  Tear  of  Building  Materials.  At  the  tenth  annual  meeting 
of  the  Fire  Underwriters'  Association  of  the  Northwest,  held  at  Chicago  in 
September,  1879,  Mr.  A.  W.  Spalding  read  a  paper  on  the  wear  and  tear  of 
building  materials  and  tabulated  the  results  of  his  investigations  in  the  follow- 
ing form: 

*  Reproduced,  by  permission,  from  the  Journal  of  the  Society  of  Constnicton  of 
Federal  Buildings.  September,  x9i4»  through  the  courtesy  of  C.  R.  Marsh.  Editor  of 
Publications  of  the  Society  of  Canstzuctors  of  Federal  Buildhigs.  Thb  Journal,  pobliahrd 
monthly,  contains  data  of  much  interest  to  ajediitects  and  builders. 

t  From  Tiffany's  Estimate  of  Depredatkm,  uaed  by  the  United  States  Governmcot. 


y  Google 
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Material  in  btiildins 


Frame 
dwellixig 


Avcp. 
age 
life 


Depre- 
dation 
per 


% 


Brick 

dwelling 

(shingle  rooO 


Aver- 
age 
life 


Depre* 
ciation 

P«*r 
annum 


Frame  store 


Aver- 
age 
life 


Depre- 
ciation 


per 
annum 

% 


firick 
(shingle  rooO 


Aver- 
age 
life 


Depre* 
ciation 

per 

annum 

% 


Brick 

Plastering 

Painting,  outside. . . 
Painting,  inside. . . . 

Shingles 

Cormcea 

Weather-boarding. . 

Sheathing 

Flooring 

Doors,  complete 

Windows,  complete. 
Stairs  and  newels. . . 


Inside  biinda 

Building  hardware. 
Piazzas  and  porches 
Outside  blinds. . , 
Sills  and  first-floor 

joists 

Dnxie&sioii*lumber . 


30 
5 
7 
l6 
40 
30 
50 
ao 
30 
30 
30 
40 
30 

20 
20 

x6 

as 

50 


U 
6 

aH 
3H 
a 
5 

3V< 
3^ 
3^ 
»H 
3H 
5 
5 
6 

4 
a 


75 
30 
7 
7 
i6 
40 

50 

ao 
30 
30 
30 
40 
30 
ao 
ao 
16 

40 


3M 
14 

14 
6 

aH 

a 

5 

3Vi 

3W 

3H 

aH 

3H 

S 

5 

6 

*H 


x6 
5 

S    \ 

16 

30 
30 
40 
13 

as 
as 

ao 
30 
30 
13 
ao 
16 

9$ 

40 


6 

20 
ao 

6 

3W 

aH 

8 

4 

4 

5 

3H 

3H 

8 

5 

6 

4 


66 
30 
6 
6 
16 
40 

so 
X3 
30 
30 
ao 
30 
3P 
13 
ao 
x6 

30 
66 


3H 
x6 
16 

6 
aW 

a 

8 

3^4 

3H 

5 

3H 

3W 

8 

5 

6 

3W 


These  figures  represent  the  averages  deduced  from  the  replies  made  by  eighty- 
three  competent  builders  unconnected  with  fire-insurance  companies  in  twenty- 
seven  cities  and  towns  of  the  eleven  Western  States. 

THE  QUANnnr  ststem  of  bshmating* 

BzpUnatioii  of  the  Syitem.  The  quanttty  bvstbm  is  not,  as  some  persons 
have  supposed^  merely  the  taking  off  of  a  list  of  items  by  one  person  for  some 
other  person's  use.  It  means  the  careful  measurement  by  a  disinterested  expert 
specially  trained  in  this  kind  of  work,  that  is,  a  quantity  surveyok.  This 
specialist  proceeds  in  a  manner  different  frpm  th^t  dk  the  average  contractor. 
He  follows  certain  recognized  rules  in  taking  of!  quantities,  abstracting  and 
biUiDg,  with  a  view  to  eliminating  errors.  He  uses  also  certain  uniform  standards 
of  m^urements  and  expressions.  Hi&  checking  and  rechecklng  methods  to 
ensure  accuracy  must  be  studied  to  be  appreciated  by  those  to  whom  the  quan- 
tity system  is  unknown.  A  record  is  made  of  every  item,  however  small,  hav- 
bg  a  money-value.  These  items  are  classified  and  arranged,  each  xmder  its 
proper  trade  or  department,  in  methodical  order.  Guess-work  methods  are 
unknown  to  the  quantity  surveyor,  while  his  accuracy  and  attention  to  even 

*  The  quantity  system  of  fsrtmaring  has  been  systematically  advocated  since  1891. 
It  has  atttscted  much  aitlciitMHi  among  oootnctois,  architects  and  engineers  as  a  direct 
result  of  the  long-continued  activity  of  those  who  recommend  it.  In  course  of  time  this 
system  of  estimating  must  be  adopted,  as  it  stands  for  a  square  deal  between  owner  and 
contractor.  The  movement  in  aid  of  this  work  is  purely  a  voluntary  one,  an  honest 
effort  to  bring  about  a  betterment  of  the  existin);  conditions  in  estimating  and  contracting. 
Further  information  may  be  obtained  from  G.  A.  Wright.  5S4  Pi^e  Street,  San  Frandsco^ 
Cal.,  the  founder  of  the  present  movemtat  to  intraduce  the  system  in  the  United  Sutcs. 
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small  details  is  worthy  of  comment.  Every  bidder  figures  from  a  oofiy  of  the 
surveyor's  quantities  furnished  to  each  one,  with  the  plans  and  sprrififations, 
free  of  cost.  The  surveyor  who  does  this  work  is  a  professional  man  similar  to 
the  engmeer  or  the  ardiitect.  He  should,  in  fact,  have,  and  he  usually  has  had, 
experience  in  these  professions,  and  in  addition,  a  practical  experience  acquired 
in  the  field  in  actual,  close  superintendence  of  oonstniction-work. 

Method  of  Procadure.  Such  a  surveyor,  in  taking  off  quantities  from  an 
architect's  or  engineer's  drawings,  readily  detects  any  ambiguities  or  discrepan- 
cies»  due  to  hasty  preparation  or  other  cause.  The  attention  of  the  architect  or 
^jpn^yr  is  at  once  called  to  such  matters  by  the  quantity  surveyor,  as  he  goca 
on  with  his  work.  Detected  in  thb  way,  such  uncertainties  are  at  once  corrected 
and  adjusted,  so  that  by  the  time  the  drawings  and  specifications  reach  the 
bidders  for  estimating  purposes,  everything  has  been  made  plain  and  accurate 
and  the  possibility  of  error  in  quantities  can  be  practically  disregarded.  The 
resulting  document,  prepared  exclusively  in  the  surv^or's  oflke,  is  then  printed 
or  similarly  reproduoed,  and  a  facsimile  supplied  free  of  cost  to  each  bidder,  who 
inserts  his  unit  price  opposite  each  item,  and  readily  foots  up  the  money-cost 
in  dollars  and  cents.  This  is  really  all  that  he  should  be  expected  to  do  for 
nothing.  The  quantities  of  materiab  and  Ubor  then  set  forth  in  this  docmnent, 
or  Btxx  OF  QUANTITIES,  shouU  State  everything  the  contractor  is  called  upon 
to  perform  or  furnish,  in  order  to  complete  hb  contract.  In  short,  the  bid 
becomes  a  pkoposal  to  do  a  certain  wdlkd  QUANnrv  of  work,  no  more  and  no 
less.  This,  then,  briefly,  is  the  main  underlying  principle  of  the  quantity 
SYSTEM  or  ESTDCATINO:  a  definite  quantity  of  work  for  a  definite  prke,  and  the 
entire  elimination  of  conditions  which  now  compel  bidders  to  take  chances^  and 
cause  all  parties,  the  owners  included,  to  suffer  in  the  end. 

The  Preaent  Unsatiif^ctory  Conditiona.  Most  architects  are  faunifiar 
with  the  wasteful,  unsatisfactory  methods  followed  today.  They  injure  both 
parties  to  a  contract  because  of  bidders'  mistakes  in  figuring,  as  accuracy  is  so 
often  sacrificed  for  so-called  speed.  While  wonderful  strides  in  methods  of 
construction  and  in  materials  have  been  made,  no  attention  has  been  given  to 
STANDAMOiiiNO  jcKTHOoe  01  ESTiiCATXNO.  In  the  end,  of  course,  it  is  the  owner 
who  suffers.  There  are,  however,  as  a  result  of  the  movement  initiated  in  San 
Frandsco,  indications  that  more  conservatism  and  a  doaer  adherence  to  business 
principles  are  going  to  be  preferred  by  the  moneyed  interests,  in  place  of  the 
guess-work  which  has  prevailed  in  the  past.  Architects  or  engineers  iHm  per- 
mit an  imduly  k>w  bidder  to  take  a  contract  are  certainly  courting  trouble. 

Uae  of  the  System  in  Other  Countriea.  The  principle  of  measure  and 
value,  or  pasrment  by  measurement,  usually  designated  as  the  quamtitt  bysteic, 
is  based  upon  equity  and  square  dealing.  On  laige  work  it  Is  used  in  England, 
Ireland,  Scotland,  France,  Germany,  Australia  and  South  Africa,  and  it  is  a 
significant  fact,  that  in  no  instance  in  which  this  ssrstem  has  been  once  estab- 
lished, has  it  ever  been  abandoned  for  the  former  haphasard  methods. 

Advantages  Claimed.  The  advocates  of  the  quantity  system  in  the  United 
States  daim  for  it  the  following  advantages: 

(i)  The  enormous  saving  of  time  and  money  now  wasted  by  numerous  bidden, 
all  doing  the  same  thing  and  going  over  the  same  ground. 

(2)  Safer  bids,  as  the  volume  of  work  to  be  performed  is  dearly  indicated  by 
the  bill  of  quantities,  which  is  the  essence  of  the  contract. 

(3)  No  expense  to  the  bidder,  the  owner  paying  for  his  own  quantities  know- 
ingly, and  he  and  the  contractor  both  receiving  the  benefit.  The  owner  pays 
now,  but  this  fact  is  not  emphasized  or  brought  to  his  attention,  and  so  he  docs 
liot  know  it,    The  percentage  added  to  a  bidder's  qct  coat  is  not  aU  |«ufit,  a 
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certain  portion  being  absorbed  in  overhead  cfaaifes,  wUcb,  of  coune,  are  ulti- 
mately paid  by  the  owner. 

(4)  Saving  of  disputes  arising  from  eztia  daims  which  are  often  made  because 
of  the  vagueness  of  the  drawings,  and  of  omissions  or  other  errors  in  the  specifi- 
cations. 

(5)  Better  opportunities  for  the  careful,  competent  bidder.  With  the  quan- 
tity system  the  bidders  all  worl^  up  from  the  same  basis.  The  incompetent 
bidder  cannot  omit  or  forget  items,  and  so  take  wotIl  away  from  more  careful 
or  more  competent  bidders. 

(6)  Better  work  and  greater  harmony,  for  the  reason  that  if  no  part  of  the 
work  is  omitted  there  b  less  temptation  to  that  letting  up  on  the  work  which 
usually  results  in  dissatisfaction,  if  not  in  friction  or  worse. 

(7)  Misunderstandings  are  reduced  to  a  minimum.  The  bill  of  quantities  is 
the  interpreter  of  what  is  intended,  a  sort  of  clearing-house  for  the  drawings  and 
specifications. 

(8)  Neither  party  to  the  contract  can  obtam  any  advantage  over  the  other  on 
quantity  or  description  of  work. 

(9)  No  disputes  with  subbidders,  it  beug  deariy  stated  what  each  trade  is 
to  furnish. 

(10)  Contractors  having  much  less  figuring  to  do  can  devote  more  time  and 
give  more  attention  to  buildings  in  hand,  and  especially  to  supervising  and  direct- 
ing their  subcontractors,  a  condition  much  desired  at  present. 

(i  z)  Less  liability  of  owners  and  architects  to  have  inferior  contractors  as  the 
lowest  bidders. 

(13)  Fewer  eitras,  which  are  usually  a  trouble  to  all  concerned.  Should 
there  be  any,  however,  they  can  be  more  easily  adjusted  if  the  schedule  prices 
govern  in  sudi  a  case. 

(13)  The  architect  or  engbeer,  if  he  so  desires,  has  the  advantage  of  collab- 
oration with  the  professional  quantity  surveyor,  who  is  available,  also,  when 
preliminary  figures  are  required.  Thb  information  is  now  often  furnished  by 
the  contractors,  thus  creating  an  undesirable  obligation. 

(14)  No  change  or  reorganizing  of  architects'  or  engineers'  offices  is  necessary, 
and  much  detail-work,  now  involved  in  the  taking  off  of  figures,  would  be  taken 
care  of  in  the  quantity  surveyor's  office. 

(15)  When  the  contracts  are  signed,  the  drawings  and  specifications  will  have 
been  previously  made  as  complete  as  possible,  thereby  avoiding  subsequent 
inconvenience  to  the  contractor  and  his  foreman  on  the  job,  and  largely  doing 
away  with  inquiries  at  the  architect's  offices  by  oontnctors  during  the  progress 
of  the  work. 

Adftptadoa  to  Aaafictii  Fnettca.  In  the  United  States  any  sixh  system 
must  conform  to  American  needs  and  sentiment;  and  be  a  practical  ayatem.  For 
maoy  reasons  It  would  be  undesirable  to  accept  the  English  practice  m  either  of 
its  forms.  The  great  principles  It  stands  for,  however,  can  be  accepted  and 
applied  with  great  advantage. 

DDfraSIONS  AND  DATA  USEFUL  IN  THB  PBBPABA- 

nON  OF  ABCmTECTS'  DBAWIN6S  AND 

SPBCIFICATIONS« 

Dimentloiit  for  Ftmiture.  For  the  convenience  of  draughtsmen  when 
designing  furniture  or  providing  space  for  a  special  article  the  following  dimen- 
sions ara  given:  f 

•  See.  also,  the  sdditiooal  tables  with  moic  detailed  and  classified  iiiU. 
t  Maay  <d  theie  dimensknis  were  firrt  omtribvted  to  the  Aaaerfcaa  Architect  of  No- 
vember 10, 1894,  by  Alvfai  C.  Nye. 
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Chain  and  Seats.  'The  avcfage  figurei  taken  fiom  a  variety  of  9ood  chairs 
are:  Height  of  the  seat  above  the  floor,  i8  in;  depth  of  the  seat,  19  in;  the  top 
of  the  back  above  the  floor,  38  in.  Usually  the  seat  increases  in  depth  as  it 
decreases  in  height,  while  the  back  is  higher  and  slopes  more.  Twenty  inches 
inside  is  a  comfortable  depth  for  a  seat  of  moderate  size.  Chair-arms  are  about 
9  in  above  the  seat.  The  sbpe  of  the  back  should  not  be  more  than  one-flfth 
the  depth  of  the  seat.    A  loitnge  is  6  ft  long  and  about  30  in  wide. 

Tables  vary  in  shape  and  size  almost  as  much  as  chairs.  Writing-tables  and 
dining-tables  are  made  2  ft  5  in  high,  and  the  type  of  sideboard  called  a  CASVtNG- 
TABLE  is  made  3  ft  high  to  the  principal  shelf;  but  tables  for  general  use  are  2  ft 
6  in  high.  Dining-tables  are  made  from  3  ft  6  in  to  4  ft  wide  and  to  extend 
from  12  ft  to  16  ft  by  means  of  slides  within  the  frame.  This  frame  should  not 
be  so  deep  as  to  interfere  with  the  knees  of  any  one  sitting  at  the  table;  that  is, 
there  must  be  about  2  ft  dear  space  between  it  and  the  floor.  The  smallest  size 
practicable  for  the  knee-holes  of  desks  and  library-tables  is  2  ft  high  by  i  ft  8  in 
wide,  the  width  to  be  increased  as  much  as  possible. 

Bedsteada  are  classed  as  single,  TBitCE-QnAJiTEas,  and  double.  A  single 
bed  is  from  3  to  4  ft  wide  inside;  a  three-quarter  bed,  from  4  ft  to  4  ft  6  in; 
a  douUe  bed,  5  ft.  Bedsteads  are  from  6  ft  6  in  to  6  ft  8  in  long  inside.  Foot- 
boards are  from  2  ft  6  in  to  3  ft  6  in  and  headboards  from  5  ft  to  6  ft  6  in  high. 
Single  beds  for  dormitories  are  often  made  only  2  ft  8  in  wide. 

Bureaua  vary  in  shape  and  size  to  suck  an  extent  that  it  is  almost  impossible 
to  say  that  any  dimension  is  fixed.  Convenient  sizes  are:  body,  3  ft  5  in  wide, 
X  ft  6  in  deep  and  2  ft  6  in  high;  or  4  ft  wide,  i  ft  8  in  deep  and  3  ft  high. 

Commodes  are  i  ft  6  in  square  on  the  top  and  2  ft  6  in  high. 

Chilloniefs  are  about  3  ft  wide,  x  ft  8  in  deep  and  4  ft  4  in  high. 

Cheval-Glasaes  are  made,  if  large,  6  ft  4  in  high  and  3  ft  2  in  wide.  If  small, 
5  ft  high  and  i  ft  8  in  wide.    If  mectium,  5  ft  6  in  high  and  2  ft  wide. 

Waah-Staads  of  large  sizes  are  3  ft  long,  i  ft  6  in  wide  and  2  ft  7  in  high.  Small 
sizes  are  from  2  ft  4  in  to  2  ft  8  in  long. 

Wardrobes  may  be  8  ft  high,  2  ft  deep  and  4  ft  6  in  wide;  or  6  ft  9  in  high, 
z  ft  5  in  deep  and  3  ft  wide. 

I^deboarda  may  be  from  4  to  6  ft  long  and  from  20  in  to  2  ft  2  in  deep. 

Upright  Pianos  vary  from  4  ft  10  in  to  5  ft  6  in  in  length,  from  4  to  4  ft  9  in 
in  height  and  are  about  2  ft  4  in  deep  over  all. 

Miniatnre  and  Babf^Qnmd  Pianos  vary  fnra  5  ft  10  in  to  6  ft  in  length,  and 
are  about  4  ft  xo  in  in  width. 

Pador-Orand  Pianos  vary  from  5H  ft  to  6  ft  10  in  in  length,  and  are  about 
4  ft  10  in  in  width. 

Concert-<7Tand  Pianos  are  about  8  ft  zo  in  in  length  and  5  ft  in  width. 

Biaiaf«4DAbles  (GtOende^,  4'br^  ft,  4  ft  i  Ini by 9  H  and  5  by:so  {t» .  Size 
of  room  re(]iiir#d  13  by  iT  lt»  24  by  »8  ft  and  is  by  '2D  ft,  rrspectirqiiy. 

Clasgifled  Tables  *  of  FitfBtttfi^Bliittiitf 4tl>.  The  foUowing  more  de- 
tailed and  claasififii  tables  of  average  dimenabns  of  fumitore  are  added  to  those 
already  given  and  are  taken  from  reoent  data  furnished  by  manufacturers  of 

*  These  additional  tables  were  compiled  by  E.  S.  Hand,  and  mnch  of  this  data  in  tbe 
several  editions  of  the  Pocket-Book  has  been  taken,  by  permiasiOQ,  from  tbe  vahiable 
treatise  00  F^iiaitore  Dcavoing  and  Dvaughttng,  by  A.  C.  Nye, 


yGoogk 


Dimenaions  of  Tables  and  Chairs 


1550 


rniture.  Whfle  some  of  these  meaauremoita  rary  slightly  from  the  dimen- 
dns  given  in  the  preceding  paragraphs  they  represent  average  dimensions  of 
imiture  as  made  at  the  present  time. 

IMmeoaions  of  TaUet 


Kind  of  Uble 


Length 


Width 


Height        Remarks 


-t- 


Bedfoom-table. 
Bedroom-table . 

Bijou-table 

Carving-table.. 
Dreasing-table. 
Extension  table 
Bxtension  table 
Library-table... 
Library-table... 
Library-table... 
Library-table... 

Te»-teble 


31 
i8 
30 
4a 
36 
66 
54 
SX 
4> 
S4 
«o 
13 
18 
23 
30 


iS 

32 

20 

ao 
66 
54 
41 
37 
34 
36 
13 
18 
17 
23 


29 
30 
30 

36 
30 
30 
30 
30 
29 
29 
29 
ao 
24 
29 
18 


Commode 


Round 
Square 
Oval 


Round 
Square 
Upper  shelf 
Lower  shelf 


Alldti 


Heights  are  from  the  floor. 
Dimensions  of  Chairs 


Kind  of  chair 


Height 


Seat-width. 


Front     Back 


Depth, 
outside 


Back 


Height    Slope 


Arms. 

height 
from 
floor 


Bedroom-chair 

Baby's  high  chair  *. . 

Cheek-chair  t 

Chip-chair 

Chip«hair 

Dining-chair 

Dining-chair 

Dining-chair 

Dining-chair 

Easy  chair 

Easy  chair  f 

Hepplewhite  chair. . . 

Parlor-chairt 

Parlor-chair  t 

Parlor-chair  f 

Parh>r-chair| 

Piano-bench 

Reception-chair  II ... . 

Rocldng-chair 

Roundabout  chair. . , 

Rubens  chair 

Slipper-chair 


x8 

ao 

17 

17 

18 

ao 

20 

19 

x8 

17 

17 

18 

16^^ 

14 

18 

z8 

ao 

17 

16 

18 

aoH 

la 


16 
X4 
29 
aa 
aa 
a4 
X9 

19 
a6 

33 

27 

aiH 

24 

ai 

a6W 

ao 

40 

ax 

23H 

x8 

X7M 

18 


X3 

X2 
25 

I7^i 

X7 

aa 

X7 

17 

IS 

28 

25 

X7 

X9H 

21 

22  Vi 

X3 

19 

20^ 
18 

X7V4 
IS 


X7 
X3V4 

nH 

n 

nH 

aa 

19 

x8 

15 

24  H 

27  Vi 

17 

im 

26H 

X9 
IS 

21 

i9Vi 
18 
IS 
17 


34 

37 

44 

39 

38 

45 

43 

38  Vi 

36 

43 

41 

34^ 

36 

29 

37 

36 

30 
41 

99H 
40 


3H 
3 


2H 

2 

iH 
a 
5 


27 


aevi 


ai 
36 
27 

2SH 

2$ 
23 


24 

a8H 


*  Foot  lest  13  in  above  floor,    f  OventuSed.  X  French  cane  seat  aod  back. 

§  Wooden  arm  and  back.  11  Upholstered  seat.    H  Dej)th  ioskle. 

All  dimensions  axe  in  inches.    Heights  sie  from  the  floor.    The  slope  of  the  back  is  meas- 
uitd  at  the  leat-level  to  a  perpendicular  through  the  highest  point  of  the  back. 
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of  BoUm 


Kindofaofa 


Small 

Extra  larfe... 
Ordinary  tola 

Lounge 

Lounge 


Height 


I8 
i6 
XS 

17 
17 


Seat-width 


Front 


Back 


43 

40 

7« 

76 

54 

51 

68 

68 

57 

57 

Depth, 
outside 


2X 

36 
34 


Bwk 


Height 


29 
34 
35 
23 


3 

9 
5W 

12 


Arms. 

height 
from 
floor 


25 
24 

29 

34 


All  dimensions  are  in  inches.    Heights  are  from  the  floor.    The  slope  of  the  back  Is 
measured  at  the  seat-level  to  a  perpendicular  through  the  highest  point  of  the  back. 


DfaaeatioBt  of  Case-Work 


Kind  of  caae-trork 

Body 

1 
Remarks 

Width 

Depth 

Height 

Bureau 

45 
51 
48 
54 
60 
60 
39 
36 
25 
16 

% 

54 

20H 

«3 

22 

20 
33 
33 
20 

"ii" 

33 

19 
H 

36H 

37H 

36H 

4t 

43 

44 

48 

51 

65 

31 

30   . 

69 

96 

Bureau 

Btireau.... 

Bureau 

Bookkeeper's  desk 

•Bookkeeper's  desk 

Chiffonier 

Deck.  II  in;  ikipe.  22  in 

1 

Chiffonier 

Cheval-glass 

' 

Commode 

Sideboard 

Wardrobe 

Wardrobe 

1 

An  dimensions  are  in  inches.    Heights  are  from  the  floor.    The  slope  of  the  bsf^  Is 
wed  at  the  seat-level  to  a  perpendicular  through  the  highest  point  of  the  bade. 


Dimensions  of  Bedsteads 


Kind  of  bed 

Inside 

Heights 

Height, 
Width,     bottom 
sideiaU     of  side 
nul 

length 

Width 

Foot 

Head 

j^ifig^bH, 

78 
78 
78 
78 

43 
42 

58H 
S6 

40 
41 
43 
36 

62 
60 
63 
67 

9H            9H 
10              10 
n             ioV4 
t3              9H 

Single  bed 

Double  bed 

Double  bed 

An  dimensions  are  in  inches.    Heights  are  from  the  fkior. 

Dimondons  of  Plumblng-Fiztiires.  BaanMled-Iroii  BsOk-T^ibs.  Standard 
sizes  for  roll-rim  baths  with  sloping  ends  are:  nominal  lengths.  4  ft,  4H  ft.  5  ft, 
SH  ft  and  6  ft;  width  over  all.  from  30  to  34  in.  Spedally  narrow  tubs  are  made 
from  25  to  99  in  wide.  The  actual  length  over  rim  is  usually  i  or  s  fn  more 
than  the  nominal  length,  and  2  in  will  include  an  ofdliiary  overibw-pipe. 
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Crockery  baains,  to  go  with  marble  slabs,  are  made  round 
and  oval.  Round  bowls  ate  made  zo,  la,  13,  14  and  z6  in  in  diam,  measured 
from  the  outside  of  the  rim.  Oval  bowls,  14  by  17  in,  15  by  19  in  and  16  by  21 
in.    The  Z2  and  14-in  round,  and  15  by  19-in  oval,  are  commonly  used. 

Marble  BasfanSlabs  may  be  lo  by  24  in,  20  by  30  in,  22  by  28  in,  or  24  by  30  in, 
the  last  being  a  very  common  size.  They  can  be  made  any  sice,  to  order.  They 
should  be  iV4  in  thick,  countersunk  on  top,  and  should  have  molded  edges  where 
exposed. 

Ceraar-Slaba  are  conmionly  made  2 z  by  ax  in  and  24  by  24  in.  Marble  backs 
are  usually  8  or  zo  in  high,  and  sometimes  za  in. . 

Baameled-Iron  Waah-Baaiaa  or  Lavatoriaa  made  in  one  piece:  common  sizes 
are  16  by  20  in,  xz  by  Z4-in  basin;  z8  by  az-in,  zz  by  Z5  in  basin;  z8  by  34  izi, 
12  by  z5-in  basin;  back,  zoH  in  high.  The  smaUest>8&Bed  wash-basin  is  Z3  in 
wide  at  the  back. 

Coner-Bashis,  12H  by  zaH  fai,  la-in  round  basin;  z5  by  Z5  in,  zz  by  Z4-in 
basin;  z6  by  z6  in,  zz  by  14-in  basin;  z9  by  z9  in,  zz  by  15-in  basin.  The  stand- 
ard height  of  wash-basins  is  a  ft  6  in  from  the  floor. 

FooC^Batbs,  enameled  iron,  roll-rim,  are  laH  by  Z9  in;  width,  including 
fittings,  z  ft  zz  in;  height  z;  in;  depth  inside;,  zz  in. 

S«at-BctlM»  enameled  iron,  average  about  3a  hi  long  over  fittings^  and  27  in 
wide. 

Water-CkMits.  The  dimensions  of  water-closet  bowk  vary  considerably, 
the  foUowing  being  about  an  average:  width  of  bowl  over  all,  13  in;  depth  from 
wall  to  front  of  seat,  23  in;  height  from  floor  to  seat,  z;  in;  width  of  seat,  from 
z5  to  z6  in.  Closets  with  low-down  taziks  measure  about  a8  in  from  front  of 
seat  to  walL  The  distance  from  center  of  outlet-opening  to  the  walls,  or  the 
ROVGHiNO-iN  dimensions,  are  given  in  manufacturers'  catalogues,  as  th^  vary 
with  different  closets.  The  smallest  space  permissible  for  water-closet  compart- 
ments, where  doors  open  out,  is  a  ft  4  in  by  4  ft.  If  the  doors  open  in,  the  com- 
partment should  be  3  by  5  ft. 

Ctoaet-Raagea,  used  in  schoob  and  factories,  are  made  24,  27  and  30  in, 
center  to  center  of  partitions.  For  graded  schools,  24  m  is  ample,  and  for 
factories,  27  in.  The  range  usually  occupies  a  space  28  in  in  depth,  if  set  against 
a  wall. 

Ufinal-Stalla  should  be  from  24  to  27  in,  center  to  center  of  partitions;  depth 
of  partitions,  ao  or  22  in;  of  ends,  a  ft;  of  bottom  slab,  a  ft;  hdght  of  partitions, 
from  4  ft  6  m  to  5  ^t  6  in. 

Kttchmi-Sinka  of  cast  iron  are  made  in  a  great  variety  of  sizes,  those  most 
commonly  used  being  x6  by  a4  izi,  18  by  30  in,  z8  by  36  in,  ao  by  30  in  and  ao  by 
36;  a4  l^  50  in  b  the  largest  size  for  enameled  sinks.  The  depth  inside,  for 
the  sizes  given,  b  6  in.  Plain  cast-iron  shiks  are  made  as  large  as  3a  by  56  in,  or 
a8  by  78  in.    Steel  sinks  are  made  in  all  of  the  above  sizes  up  to  ao  by  40  in. 

Porcelain  Sinks.  Common  sizes  of  porcelain  sinks  are  ao  by  30  in,  a3  by  36  in 
and  a4  by  4a  in. 

Cast-iron  Stop-Sinka,  conunon  sizes,  are  16  by  z6  m,  z6  by  ao  in,  z8  by  aa  in 
and  20  by  a4  in;  za  in  deep. 

Copper  Putry-abikB.  Common  sizes  are  za  by  z8  in,  Z4  by  ao  in  azid  z6  by 
24  in. 

Lavadry^Tttbs  of  slate  or  soapstone  are  commonly  made  a  ft  wide  over  all, 
and  z6  in  deep.    l4C&gth9  over  «ll,  two-p^rt  tubs,  4  ft  and  4  ft  6  in;  thre^ 
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part  tubs,  6  ft,  6  ft  6  in  and  7  ft.  Earthen  and  poredain  tubs  come  aeparatdy, 
and  are  connected  as  required.  The  dimensions  of  each  tub  axe  2  ft  or  2  ft 
7H  in  in  length,  2  ft  iH  in  in  iridth  and  15  in  in  depth,  inside.  The  length 
required  for  two  3-ft  tubs  is  4  ft  i  in;  for  three  tubs,  6  ft  2  in;  and  for  four  tubs, 
8  ft  3  in.  Wolff's  roU^rim  enameled-iron  wash-tubs  are  55  in  over  all,  fior  two 
tubs,  and  82  in  for  three  tubs. 

Range-Boaefs  are  12  in  diameter  for  30-gal,  14  hi  lor  40-gal,  x6  in  for  52- 
gal  and  63 -gal,  22  in  for  loo-gal  and  x20-gal  boilers. 

Dimenaiona  «f  Caxriacea.    Covered  Bnggjr  (Qoddard).    Length  over  all, 
14  ft;  width,  5  ft;  height,  7  ft  4  in.    Will  turn  in  space  from  14  to  20  ft  square, 
according  to  skill. 

Cottp6.    Length  over  all,  x8  ft;  width,  6  ft;  height,  6  ft  6  in. 

BnuF  (naa»-Boz).    Length  over  all,  14  ft;  width,  4  ft  10  in. 

Landau.  Length  over  all,  19  ft  6  in;  width,  6  ft  3  in;  height,  6  ft  3  in;  length 
of  pole,  8  f  t  o  in. 

Stanhope  Oig,  Two  Wheels.  Length  over  all,  10  ft  6  in;  width,  5  ft  8  in; 
height,  7  ft  6  in. 

Vlctoila.  Length,  vdtfaout  pole,  9  ft  6  in;  length  of  pole,  8  ft;  width  over 
all,  5  ft  4  in. 

Ught  Bron^iun.  Length,  without  pole  or  shaft,  9  to  11  ft;  width  over  all 
5  ft  4  in;  height,  6  ft  4  in. 

AntomobUes.    Length,  from  11  to  19  (average  16)  ft;  width,  6  ft;  height,  7  ^t 

Dimeniiona  and  Weight  of  FIre-EngineB.  From  measurements  of  differ- 
ent fire-engines  belonging  to  the  dty  of  Boston,  it  was  found  that  the  greatest 
length,  including  pole,  was  22  ft  6  in.  The  widths  varied  from  s  ft  to  5  ft  n  in. 
the  average  height  being  8  ft  8  in.  The  average  weight  (computed  from  39 
engines),  8  000  lb;  the  greatest  weight,  9  420  lb  and  the  least,  4  780  lb. 

Dimensions  and  Weight  of  Hoae^Carriages.  Extreme  length  with  horse. 
19  ft  6  in,  without  horse,  17  ft  6  in;  width,  from  5  ft  9  in  to  7  ft;  height,  from  6  ft 
8  in  to  7  ft;  average  weight  (computed  from  ix  carriages),  2  943  lb;  greatest 
weight,  3  500;  least  weight,  2  120. 

Dimenaiona  and  Weight  of  Ladder- Wagons.  Length  ol  truck,  S3  ^t; 
total  length,  with  ladders  on,  45  ft;  width,  6  ft  2  in;  average  weight  (com- 
puted from  12  wagons),  6  660  lb;  greatest  weight,  8  800;  least,  4  350. 

Dimensions  of  Locomotives  and  Cars.  The  dimensions  of  locomotives 
and  freight-cars  vary  considerably,  but  the  following  will  cover  those  in  com- 
mon use: 

Locomotives.  From  15  ft  4  b  to  15  ft  10  in  to  top  of  stack  from  top  of  rail; 
extreme  width  of  cab,  10  ft  2  in.  Doors  to  admit  locomotives  should  be  frum 
12  to  13  ft  wide  and  x8  ft  high. 

Furniture-Can  are  14  ft  i  in,  from  top  of  track  to  top  of  brake-staff;  floor, 
3  ft  8  in  from  track;  extreme  width,  9  ft  10  in. 

Stock-Caxa,  13  ft  5  in,  from  top  of  track  to  top  of  brake-staff;  floor,  4  ft  from 
track;  extreme  width,  9  ft  8  in. 

Refrigerator-CarB,  14  ft  6  in,  from  top  of  track  to  top  of  brake-staff;  floor,  4  ^t 
from  track;  extreme  width,  9  ft  7  in. 

Ordinary  Freight-Cars  are  about  X3  ft  high  to  top  of  brake-staff  and  9  ft  ^  in 
in  extreme  width.  The  height  of  floor  of  freight-cars  varies  from  3  ft  8  in  to  4 
ft  above  top  of  track  for  standaki>-gaugb,  and  from  3ftte3ft6mfbr  nax- 
Row-GAtTGE  cars. 
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DimensioiM  of  Bowlin^AUeys  1M3 

PuMOger-CMohM  vary  from  14  to  16  ft  in  lieight  ind  from  10  to  11  ft  in 
width.  Doors  to  admit  cars  should  give  at  Isaat  la  in  clwtfmce  on  each  ndc^ 
»Qd  9  It  overhead. 

8ti«et  TA4tty-Car«  are  about  8  ft  6  in  wid*  for  the  car  proper.  M»d  the  itqw 
project  about  8  in.  Height  from  track  to  top  of  «oach,  xi  ft  6  in;  the  troUey- 
stand  is  18  in  higher.  The  length  varies^  up  to  42  ft.  Trucks  for  a  41  ft  6  in 
car  arte  about  34  ft  apart.  Wheel-bases,  4  ft  center  to  center.  Radius  of  short- 
est curve  in  Denver,  Colo.,  35  ft  to  midway  between  rolls.  The  oauoe  of  a  rail- 
road track  Is  the  distance  between  the  inner  sides  of  the  heads  of  the  two  rails. 
The  standard  or  bkoad  gauge  Is  4  ft  SH  in;  standard  kaxrow  gauos,  3  ft  3H  in. 

Capacity  of  Freight-rCan,  Car-toaiU.  The  capacity  of  freight-cars,  and 
the  minimum  car-loads,  vary  so  greatly  that  no  acciurate  general  information 
can  be  given.  For  heavy  freight,  25  tons  is  an  average  load;  for  light  freight, 
from  13  to  15  tons;  for  hoosefaold  goods,  10  tons  is  about  the  mlnimumt  for 
lime,  15  tons  ia  about  a  minimum  load;  for  cement,  so  torn.  The  minimum 
car-load,  to  obtain  carload  rates,  varies  with  different  roads,  and  also  with  the 
rate  made;  a  low  rate  is  usually  madf  on  the  basis  of  a  big  load.  Thirty  tons 
is  a  good  load  for  heavy  freight,  and  40  tons  is  about  the  marimum,  except  for 
spedal  cam. 

Miscellaneoua  l>imesitiQii9.  Hone-St«ns.  Width*  from  3  ft  10  in  to  4  ft 
or  else  s  ft  or  over;  length,  9  ft  The  width  should  never  be  between  4  ft  and 
5  ft.  as  a  horse  is  liable  to  cast  himself. 

Dimenaioiis  of  Stawlanl  Bowling-AUeya.*  For  onk  pais  or  aixeys:  ^oom 
necessary,  83  ft  over  all;  11  ft  6  in  wide,  60  ft  from  foul-line  to  head  pin,  3  ft 
for  pins  to  back  of  alley,  4  ft  for  pinrpit,  8  in  deep  in  front.  6  in  in  back;  alleys, 
of  maple  dooiing,  should  extend  on  and  beyond  the  foul-line  12  ft,  and  then 
4  ft  nu>re,  making  a  i6-ft  approach  to  the  foul-line  for  the  player  to  nm  to  deliver 
the  ball.  For  one  ajxey:  Same  length.  83  ft;  width,  6  ft  3H  ia;  closer  dimen-* 
sions;  beds  42  in,  guttera  9  io,  divi«porpi<cea  2H  in,  ball-return  9M  in. 

In  In 

One  AiXEY!  Ban-retuzn 994  OUBPAiKorAUjnrs:  Ball-r«tam  9H 

First-division  pleee tH  FfMt-divlslon  piece aH 

Gutter 9  Gutter 9 

Bed 4S  Bed 42 

Gutter 9  Gutter 9 

Second-division  piece 994  Second-division  piece sH 

6ft3HiQ'-    7SH  6ft3Hip-.7^H 

To  the  75V4  m  of  the  paie  or  alleys,  should  be  added 

Gutter , . , , , . . , , 9 

Bed , , , , 42 

Gutter ♦.,.,.. 9 

Tbird-dtvifllon  piece ,,.*»,,«.«.» * «. ,    2H 

Additional  room  should  be  provided  for  the  bofvrlers  and  apoctatora  ••  these 

dimensions  are  for  the  alleys  only. 

Dimenaipna  of  Drawings  for  Patents  (United  States).  16  by  15  in^  with 
border-line  x  in  inside  all  aroimd. 

^  *  DimcnsioDS  furnished  by  The  Brunswick-Balke-Coilcndtr  Company,  New  ¥oik  City. 
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€i  a  Buret.    Diameter  of  head,  17  in;  diameter  at  bung,  19  in; 
length,  28  in;  volume,  7  680  cu  in. 

MisceUaneous  Memoranda.  Weight  of  Men  and  Women.  The  average 
weight  per  person  of  twenty  thousand  men  and  women  weighed  at  Boston,  Mass., 
in  1864,  was,  men,  i4iVi  lb;  women,  124^  lb. 

Wooden  Flagpoles.  For  a  flagpole,  extending  from  30  to  60  ft  above  the 
roof,  the  following  proportions  give  satisfactory  results:  The  diameter  at  the 
roof  should  be  Ho  the  height  above  the  roof,  and  the  top  diameter  one-half  the 
lower.  To  profile  the  pole,  divide  the  height  into  quarters;  make  the  diameter 
at  the  first  quarter  above  the  roof,  fifteen-sixteenths  of  the  lower  diameter; 
at  the  second  quarter,  seven-eighths,  and  at  the  third  quarter,  three-quarters 
the  lower  diameter.* 

Steel  Flagpoles,  t  The  Department  of  Education,  City  of  New  York,  has 
abandoned  the  use  of  wooden  flagpoles  and  is  using  steel  flagpoles.  For  an 
ordinary  building,  60  ft  in  height  above  the  curb,  a  pole  43H  ft  in  height  b  used, 
which  is  sufficient  for  the  tackle  of  a  large  or  post-flag,  for  the  reason  that  roof- 
parapets  are  very  low.  Each  pole  is  required  to  be  fitted  complete  with  a  cast- 
iron,  galvanized,  revolving  truck,  mounted  on  crucible-steel  pins,  the  cap  be- 
neath it,  also,  being  of  galvanized  iron.  The  truck  is  fitted  with  two  4H-in 
bronze  sheaves  on  Tobin-bronze  pins,  surmounted  with  an  S-in  20-oz  copper 
ball,  add-cleaned  and  painted  with  four  coats  of  the  best  English  weather-proof 
sizing,  and  covered  with  XXXX  leaf-gold.  One  or  more  field-joints  are  per- 
mitted in  the  length  of  the  pole,  which  are  determined  according  to  standard 
details,  the  bands  being  secured  to  the  male  tube,  and  both  edges  of  the  inner 
band  and  the  shoe  being  machine-beveled  to  insure  a  perfect  fit.  The  female 
tube  is  drilled  and  secured  to  the  male  shoe  with  tap-screws  of  s\ifficient  strength 
to  carry  the  upper  section  of  the  pole,  and  the  ends  of  the  screws  are  apset. 
The  exposed  ends  of  the  female  tube  are  chamfered  and  caulked  tight.  A  steel 
collar  or  band,  to  receive  the  copper  flashing,  is  secured  to  the  pole  and  braced 
just  above  the  roof-lines. 

Dimensions  of  Scho<^ooms,  Boston  Schools.!  The  sizes  of  the  rooms  in 
the  Boston  school-houses,  as  adopted  by  the  school  board,  are,  for  granmuu-- 
schools,  28  by  32  ft  in  plan  by  13  ft  6  in  in  height;  for  primary  schools,  24  by 
32  by  12  ft.  This  accommodates  56  scholars  per  room,  in  each  grade,  allowing 
216  cu  ft  per  scholar  in  the  grammar  schools,  and  165  cu  ft  in  the  primary  grade. 
A  width  of  27  ft  is  very  satisfactory  for  schoolrooms,  and  is  commonly  adopted 
because  it  permits  of  the  use  of  28-in  joists,  without  waste. 

Heights  of  Blackboards  In  Schoolrooms.^  The  heights  from  floor  to  top 
of  chalk-rail  should  be  about  as  follows: 

'   For  third  and  fourth  grades,     chalk-rail 2  ft  x  in  from  floor 

For  fifth  grade,  chalk<rail 2  f t  2Vi  in  from  floor 

For  sixth  grade,  chalk-rail 2  ft  4  in  from  floor 

For  seventh  and  eighth  grades,  chalk-rail 2  ft  6  in  from  floor 

Slate  blackboards  are  made  3  ft  6  in,  4  ft  and  4  ft  6  in  high,  4  ft  being  a  very 
common  and  satisfactory-  height. 

*  The  Building  Trades  Pocketbook. 

t  From  data  compiled  by  E.  S.  Hand  from  notes  furnished  by  C.  B,  J.  Snyder.  Super* 
intendent  of  School  Buildinipi,  New  York  City. 
t  F.  e.  Kidder,  ia  previous  editions. 
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Space  occupied 

Number  of 
desk 

Age  of  scholar 

Height  of  seat 
or  chair 

Height  of  desk 
(next  scholar) 

by  desk  and 

seat  (back  to 

back) 

years 

in 

in 

ft       in 

x6tox8 

i6H 

29H 

a          9 

i4toi6 

xsW 

38 

a         9 

TatoX4 

is>i 

r/H 

a          8 

xotoia 

I4H 

36H 

a          7 

Stoic 

I3M 

2SH 

a          5 

7to  S 

xaW 

24 

a         4 

6to  7 

ixV4 

22Vi 

a         3 

7 

5to  6 

loH 

ax 

a         a 

4to  5 

9^ 

19 

'a          0 

Desks  for  two  scholars  are  3  ft  xo  in  long,  and  for  a  single  scholar,  a  ft  long. 

Aisles  are  from  2  ft  to  a  ft  4  in  wide,  according  to  age  of  acholan  and  sixe  of  room.     . 

Additionil  Dataf  on  School-Houses 

Sizes  of  Rooms.  The  Department  of  Education,  New  York  City,  has  adopted, 
for  the  dimensions  of  the  schoolrooms,  the  German  standafd  of  a  a  by  30  ft  in 
plan  by  14  ft  in  height,  with  unilateral  lighting.  These  dimensions  are  used  for 
all  grades  of  elementary  schools,  the  sittings  being  on  the  basis  of  xj  sq  ft  of 
0oor-space  per  pupil.  Good  light  cannot  be  had  on  desks  which  are  placed  at  a 
greater  distance  from  the  windows  than  one  and  one-half  times  the  hdght  of  the 
top  of  the  upper  sash  from  the  floor. 

Sizes  of  Seats  snd  Desks  for  Sleuentsfy  sad  High  Schools 


Space!  occupied 

Number  of 
desk 

Age  of  scholar 

Height  t  of  seat 
or  chair 

Height  t  of  desk 

by  desk  and 

seat  (back  to 

back) 

years 

in 

in 

in 

x6  to  x8 

31 

3a 

X4tox6 

30 

32 

iatox4 

a8 

31 

lotoxa 

26 

30 

8toxo 

a4 

a9H 

7to  8 

a3 

a7 

6to  7 

aa 

a7 

7 

5to  6 

aoVS 

26 

Blackboards.  For  first  and  second-year  scholars  the  chalk-rail  is  placed  a  ft 
from  the  floor,  and  the  boards  are  4  ft  high.    This  allows  the  smaller  children 

•  F.  E.  Kidder,  in  previous  editions. 

t  From  daU  compiled  by  E.  S.  Hand  from  notes  furnished  by  C.  B.  J.  Snyder,  Super- 
intendent of  School  Buiklings,  New  York  City. 

X  Heights  are  measured  as  foUows:  From  the  floor  to  the  top  of  ink-well  strips  of 
desks,  and  from  floor  to  top  of  front  edge  of  seats,  and  should  not  vary  more  than  H  in 
from  the  heights  given  in  this  table. 

Aisles  have  a  minimum  width  of  x8  in  for  the  lower  grades  and  2  a  in  for  the  upper 
grades.  4 

S  If  chairs  are  used,  this  distance  must  be  increased  from  xH  to  2  in. 
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to  use  the  lower  portion.  The  xtppcr  part  of  the  surface  is  at  a  height  convenient 
for  the  use  of  the  teacher,  there  being  much  display-work  employed  in  the  lower 
grades.  For  scholars  in  ^ades  from  the  third  to  the  eighth  year,  inclusive,  and 
for  high  schools  the  chalk-rail  is  placed  a^  ft  from  the  floor  and  the  boards  are 
3  ft  6  in  \n  height. 

DoocB  and  Stairways.  Wardrobes  should  be  entered  from  the  dasarooms 
only.  Classroom-doors  should  open  into  the  rooms,  so  as  to  afford  the  teacher 
control  in  case  df  panic.  All  exit-doors  should  open  out.  All  stairways  should 
be  shut  off  from  corridors  by  means  of  self-closing  doors,  which,  together  with 
the  stairways  and  the  enclosures,  should  be  of  fire-proof  materials.  Stairways 
should  be  of  sufficient  number  to  permit  of  the  building  being  vacated  within 
three  minutes  from  the  time  a  signal  is  given.  This  can  be  effected  by  allowing 
a  linear  width  of  4  ft  for  the  first  50  persons  and  12  in  additional  for  each  100 
persons  in  excess  thereof.  No  stairway  is  to  be  less  than  4  ft  nor  more  than 
5  ft  in  width.  Exits  should  be  planned  so  as  to  provide  15  Un  ft  for  the  first  500 
persons  and  6  in  additional  for  each  100  persons  in  excess  thereof.  No  stairway 
should  have  more  than  15  steps  in  any  one  flight,  changes  in  direction  being 
effected  by  a  square  platform  and  no  winders  being  used.  No  stair-door  or 
exit-door  should  open  out  over  a  step.  Platforms  are  to  be  provided  for  such 
doors  and  are  to  extend  at  least  x  ft  beyond  the  edge  of  the  door  when  standing 
open. 

Stairs.*  The  rise  of  a  stair  is  the  height  from  the  top  of  one  step  to  the  top 
of  the  next.  The  total  rise  is  the  height  from  floor  to  floor.  The  run  is  the 
horizontal  distance  from  the  face  of  one  riser  to  the  face  of  the  next.  Risers 
are  the  upright  boards  or  other  materials  forming  the  faces  of  the  steps,  and 
the  TREADS  are  the  horizontal  pieces  or  surfaces  on  which  the  feet  tread. 
Treads  are  usually  from  iH  to  iH  in  wider  than  the  run,  on  account  of  the 
NOSING.  The  height  of  an  individual  riser  or  th(e  rise  of  any  stairs  is  found 
by  dividing  the  total  rise  by  the  number  of  risers.  The  run  of  the  stairs 
may  be  fixed  at  will  unless  the  space  is  cramped,  but  to  secure  a  comfortable 
stair  the  run  must  bear  a  certain  relation  to  the  rise. 

Rules  for  Dimensions  of  Treads  and  Risers.  For  ordinary  use  a  rise  of  from 
7  to  7Vi  in  makes  a  very  comfortable  flight  of  stairs.  For  schools  and  for 
stairs  used  by  children  the  rise  should  not  exceed  6  in.  Stairs  having  a  rise 
greater  than  7H  in  are  steep.  The  widtji  of  the  run  should  be  determined  by 
the  height  of  the  rise;  the  less  the  rise  the  greater  should  be  the  run,  and  vice 
versa.    Several  rules  have  been  given  for  proportioning  the  run  to  the  rise: 

(i)  The  sum  op  the  rise  and  run  should  be  equal  to  from  17  to  zyVi  in. 

(2)  The  sum  of  two  risers  and  a  tread  should  not  be  less  than  24  nor  more 
than  25  in. 

(3)  The  product  of  the  rise  and  run  should  not  be  less  than  70  nor  more 
than  75. 

These  rules  apply  only  to  stairs  with  nosings.  Stone  stairs  without  nosings 
should  have  at  least  12-in  treads  for  adults.     (See  Tables,  pages  1566-7.) 

Height  of  Hand^RsU.  In  dwellings,  hotels,  apartments,  etc.,  the  height  of 
the  rail  should  be  about  2  ft  6  in  above  the  tread,  on  a  line  with  the  fate  of  the 
riser.  For  grand  staircases  the  height  may  be  reduced  to  2  ft  4  in.  On  steep 
stairs  the  height  should  be  from  2  ft  7  in  to  2  ft  9  in.  The  rail  should  also  be 
raised  over  winders.  On  landings,  the  height  of  the  rail  should  be  equal  to  the 
height  of  the  stair-rail,  measured  at  the  center  of  the  tread,  the  usual  height  in 
residences  being  from  2  ft  8  in  to  2  ft  xo  in. 

*  This  subject  is  quite  fully  treated  in  Building  ConstnictioQ  and  Superinteodenoe, 
Part  II.  Carpenters'  Work,  by  F.  E.  Kidder. 
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St8li-Cord8.*    Until  a  few  years  ago,  linen  or  cotton  cord  oniy  was  used  for 
connecting  weights  with  the  sashes  of  double-hung  windows,  and  cord  is  still 
more  extensively  used  than  either  ribbons  or  chains.    For  windows  of  ordinary 
size  a  good  braid  of  cord  will  wear  lor  a  long  time,  and  this  material  will  prob- 
ably never  be  entirely  displaced  by  metal.    "Tests  made  at  the  Massachusetts 
Institute  of  Technology  show  that  cords  wear  much  longer  than  chains,  though 
they  have  less  tensile  strength.    Cords  should  be  smooth  and  round,  so  that  each 
strand  bears  its  part  of  the  stress,  and  well  glazed,  so  that  they  have  a  smooth 
surface  and  consequently  less  wear  from  friction  with  the  wheel  of  the  pulley." 
It  has  been  found  that  cord  can  be  braided  too  hard  for  durability,  yet  if  it  is 
braided  so  as  to  be  very  flexible  it  may  be  so  soft  that  it  will  stretch  and  cause 
great  annoyance  by  permitting  the  weight  to  hit  the  bottom  of  the  weight-box. 
The  architect,  however,  should  always  specify  the  particular  bkand  and  size 
of  cord  to  be  used,  and  also  the  diameter  of  the  pulley.    Among  the  leading 
brands  of  sash-cord  at  present  are  the  Samson  Spot,t  and  the  Silver  Lake  A.t 
These  brands  are  superior  to  the  ordinary  braided  cords,  which  are  made  from 
inferior  yams  to  meet  the  jobbers*  requirements  for  price.    In  addition  to  other 
most  excellent  qualities,  the  Samson  cord  offers  an  additional  advantage  that 
architects  will  appreciate;  it  has  a  colored  strand  woven  through  it,  which  shows 
in  spots  on  the  surface  and  thus  enables  one  to  tell  at  a  glance  that  no  other  cord 
has  been  substituted.    The  Silver  Lake  A  sash-cord  has  the  name  Silver  Lake  A 
branded  on  every  foot  of  cord;  but  unless  the  letter  A  accompanies  the  name  a 
second  grade  of  cord  is  denoted.    The  marking  of  the  cord  by  color,  or  any 
other  device,  does  not  alter  the  quality  of  the  cord.    Special  marks  may  be 
applied  to  inferior  cords  as  well  as  to  the  best.    The  following  numbers  should 
be  specified  for  the  different  weights  of  sash-wdghts: 


Relative  Sizes  of  Sash-Corda,  Weights  and  PoUeys 

Siz^nuxnber 

6 
Me 
66 

5 

7 
55 

12 

8 
M 

44 
ao 

2 

9 

Ha 
36 

30 

xo 

M« 

40 

2H 

12 

H 
ao 

so 

3 

Diameter  in  inches 

Suttoble     for    weighta     in 
pounds  up  to 

Minimum  diameter  in  inches 
of  pulley  allowable 

For  hanging  sashes  weighing  over  40  lb,  only  the  largest  size  of  Samson  or 
Silver  Lake  A  cord,  or  some  form  of  sash-chain  or  sash-ribbon,  should  be  used, 
and  the  pulleys  should  be  selected  to  fit  th(f  cord  or  chain.  A  guarantee  that  the 
cord  will  last  at  least  twenty  years  may  be  had  from  either  of  the  manufacturers 
mentioned  above.  The  Samson  wire-center  sash-cord  has  recently  been  put  on 
the  market.  This  is  really  a  metal  sash-cord  protected  by  a  braided-cotton  sur- 
face which  acts  as  a  noiseless  cushion.  It  is  claimed  that  it  harmonizes  with  the 
window-finish  and  that  it  has  greater  durability  than  other  sash-cords  or  metal 
devices.  (See  record  of  tests  made  at  Massachusetts  Institute  of  Technology, 
p04Se  157 1.)  The  standard  color  is  that  of  dark  mahogany,  but  this  cord  is 
made  to  order  for  large  buildings  in  other  colors  to  match  the  finish. 

*  The  foDoiriog  notes,  rdating  to  Sash-Cocds.  Sash-Chains.  Saah.Ribbons,  Sash- 
Weights  and  Sash-BaUncea,  are  condeosed  and  revised  from  artkles  by  Professor  Thooaas 
Nolan,  in  Kidder's  BuikUng  Gmstructkm  and  Superintendence,  Part  11,  Carpenters' 
Work. 

t  Manufactured  by  the  Samson  Cordage  Works,  Boston,  Mass, 

t  Manufactured  by  the  Silver  Lake  Company,  Boston,  Mass, 
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Saah-Ghaim.  OC  lovcral  styles  of  sash-cliains  on  the  market,  tlie  stjrie  most 
largely  used  is  the  flat-Unk  chain.*  This  chain  is  made  either  of  steel,  or  of  brcMiae 
composed  of  99%  copper  and  5%  of  tin.  For  suspending  very  heavy  nahea, 
doon  and  gates,  a  cahle-chain  has  been  extensively  used.  Star  f  sash-chain  is 
made  of  bronae-metal.  The  manufacturers  of  the  Norria  sash-pulley  daim  that 
a  riveted  chain  that  has  joints  only  one  way  is  almost  sure  to  break  when  even 
slightly  twisted,,  and  that  it  b  better  to  use  two  chains  of  the  Hnk-pattem  run- 
ning side  by  side  over  the  same  pulley.  The  strongest  sash<haias  are  of  steel, 
made  rust-proof  by  the  hot-galvanizing  process,  and  electro-coppeiplated  to 
give  a  bronae  finish;  and  of  a  bronjEe>mixture  which  k)oks  like  ooj^wr,  but  is 
tougher  and  harder.  One  firm  t  claims  that  its  galvanised^eel  sash-dudn  is 
from  IX  to  45%  stronger  than  any  bronse  or  copper  sash-chain  and  that  it  will 
resist  fire  for  a  much  kingtr  period.  The  tensile  strength  of  their  chain  varies 
from  475  to  850  lb,  according  to  the  weight  used. 

Sash-Rlbbont.  These  are  now  also  extensively  used  in  hanging  the  sashes  of 
the  better  class  of  buildings.  The  ribbons  are  made  of  steel  and  aluminum- 
bronae  or  of  some  mixture  of  aluminum,  and  in  H>  H>  H*  H  and  H-ia  widths. 
They  are  claimed  to  be  practically  indestructible,  but  according  to  one  series  of 
tests  it  would  appear  that  in  some  cases  they  do  not  wear  as  long  as  sash-cords 
or  sash-chains.  Some  people  object  that  the  ribbons  snap  against  the  pulley- 
stiles,  when  the  sash  is  raised  or  lowered,  and  thus  make  conaderable  noise. 
The  H-in  ribbon  may  be  used  for  a  sash  weighing  up  to  100  lb  and  requiring 
50-lb  weights.  For  a  window  6  ft  10  in  high  and  3  ft  wide,  glazed  with  plate  glass, 
the  ribbons  with  attachments  cost  about  75  cts.  Sash-ribbons  are  now  manu- 
factured by  a  nimiber  of  firms  who  also  make  the  necessary  attachments  for 
weight  and  sash.  For  the  best  working  of  windows  hung  with  ribbons,  pulleys 
of  the  following  sizes  should  be  used: 


For  sashes  weighing  not  over  40  lb,  2  in 
For  sashes  weighing  not  over  60  lb,  2^  in 
For  swihea  weighing  not  over  zoo  lb,  2H  in 
For  sashes  weighing  not  over  150  lb,  3  in 
For  sashes  weighing  not  over  250  lb.  3H1  in 
For  sashes  weighing  not  over  300  lb,  4  in 
For  sashoi  weighing  not  over  350  lb,  4H  in 


Comparative  Strength  of  SashoCorda  and  Chains.  The  comparative  strength 
and  durability  of  sash-cords  and  chains  have  been  determined  by  careful  tests* 
but  there  is  a  great  variation  in  both  cases,  due  partly  to  variation  in  mate- 
rial, but  principally  to  the  relative  sizes  of  the  chain  and  pulley  or  cord  and 
pulley.  The  cords  or  chains  may  be  too  light  for  the  weights  used,  or  the 
pulleys  too  small  in  diameter  to  carry  the  cord  without  undue  bending.  The 
pulleys  may  also  have  too  narrow  a  groove  or  an  imeven  groove  with  sharp 
edges  which  cut  the  cords.  The  larger  the  diameter  of  the  pulley^  the  longer 
the  wear. 

Tests  I  on  ^IHre-'Canttr  Saah-Gord  aad  Bronza  Saah^Chains.  The  cord 
tested  was  size  No.  8,  H-in  diam«  Samson  solid  braided  cotton  cord  with  iteel- 

*  One  type  of  this  kind  of  sash<chahi  k  manaf actured  by  ths  Bridgeport  Chain  Com- 
pany, Brklgeport,  Conn. 

t  Manufactured  by  the  U.  T.  Huogcrford  Brass  Ac  Copper  Company,  New  York  City. 

X  The  Oneida  Community,  Ltd.,  Oneida.  N.  Y. 

i  Made  at  the  Masaachuaetta  Inatitute  of  Technology,  May,  19x4,  by  Profaaaor  E.  F. 
Miller. 


Digitized  by 


Googk 


Sash-Cord8,  CfaaioB  aad  Weights 


1571 


wire  cable  osnter,  H«  in  in  diftnu  The  chains  tested  fpere  of  two  different 
makes  of  brooce,  tat  No.  a,  purchMod  in  the  open  market  as  typical  bronze^ 
saah-chauia>  each  recommeftded  by  a  reputable  dealer  as  the  proper  chain  for 
uee  with  a  as*lb  windo wwdght.  The  tests  for  the  better  of  the  two  chains  are 
those  givea.  Durability-tests  were  made  by  raising  and  lowering  a  254b 
weight  over  a  a-ia  pulky,  each  movement  corresponding  to  ooce  opening  and 
shutting  a  window.  The  cord  was  tested  over  the  regular  round  grooved 
pulley  ortiinarily  used  for  cords,  and  the  chains  were  tested  over  the  oorabina^ 
tbn  grooved  pulley  uauttfy  furnished  for  sash-chaias.  For  the  fire-tesU  the 
cords  or  chaias  were  hung  through  an  asbestos  box  in  which  a  Bunsen  flame 
under  pfeasuie  wis  applied  to  all  alike^  the  temperature  being  about  s  aoo"  F. 
A  a54b  weight  was  attached  la  esch  case  to  keep  the  coid  or  chain  under  the 
same  tension.  The  wire-center  cord  took  about  twice  as  kmg  to  bum  through 
and  wore  about  seventeen  times  As  long  as  the  bn>nae  diain. 


Tests  en  Wlrt-Geater  Sash^Coi^  and  Bronte  Sasii<<:hai& 


Ifin^tests 

Number  of  lifts  before  breaking 

Length  of  time  before  parting 

Sanasaa  wir»* 
center  cord 

Bronae  chain, 

see 

Samson  wire- 
center  ocnrd, 
sec 

34  944 
37486 
37  381 
33  918 
4D3S6 
31334 
4D790 
27874 

Average  35  377 

65989a 
592559 
633330 
594X14 
63x386 
sn  154 
504  Q33 
637796 

Avenge  603  633 

43.S 
40 
39 
3t 

785 

75. 5 

77 

75 

Avenge  38-4 

Avefage  76.5 

Walghli  af  8t8liM  aad  OIms.  In  figuring  the  weighu  of  windows,  the 
weight  of  the  glass  may  be  taken  at  3H  lb  per  sq  ftj  for  pUte  glass»  iHlb  for 
double-strength  gtass  and  i  lb  for  dhigle-stfength  ghss.  For  the  weight  of  the 
wooden  sash,  add  together  the  height  and. width,  in  feet,  of  each  sasfc,  and  mul- 
tiply by  2.1  for  aH-m  sash,  by  1 94  for  t^i-in  sash  and  by  iH  for  iH-in  sash. 
These  values  are  sufficiently  accurate  for  determining  the  sine  of  sash-oords 
and  pulleys  but  the  weights  shoukl  be  determined  by  weighing  each  sash  after 
it  is  glased,  as  the  weight  of  the  glass  varies  considerably. 

Iroft  Sath-Waightt.  The  weights  ordhiarily  used  for  balaadng  windows  are 
made  of  cast  iron,  in  the  fotn  of  solid  cylinders  from  iH  to  sH  in  in  diameter,  and 
from  7H  to  51  Sn  hmg,  with  an  eye  cast  in  the  upper  end  of  each.  The  lengths 
vary  with  the  weights,  which  are  from  2  to  as  lb.  Flat  weights,  which  usually 
are  called  for  ia  the  Philadelphia  and  some  other  markets,  are  from  6  to  34H  in 
kmg,  from  a  to  30  lb  in  weight,  and  from  m  by  iM  to  t%  by  fV4  in  in  cross- 
section.  In  ordering  sash-weights  the  number  of  pounds  of  each  weight,  and 
the  sections  and  lengths  of  the  boxes  in  which  the  weights  will  work,  should  be 
given.  Ordinaiy  weights  have  veiy  rough  eyes  for  the  sash-cords.  There  are 
a  few  manufacturers  in  the  East  who  make  weights  with  a  pateoMye  that  will 
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not  cut  the  cord.  A  sectional  sash-weight  *  made  with  a  well-designed  hooking- 
^evice  which  has  given  satisfaction,  is  said  to  be  one  of  the  best  on  the  market. 
Usually  from  three  to  six  sections  are  required  on  each  side  to  balance  a  sash 
properly.  If  the  booking-device  fails  near  the  top  the  upper  sash  cannot  be 
dosed  and  if  at  the  bottom  the  window  cannot  be  opened.  It  is  then  necessary 
to  open  the  weight-box  and  rehang  the  sections  before  the  window  can  be  oper- 
ated. In  theory,  sectional  weights  are  ideal;  in  practice,  however,  they  are 
not  considered  as  satisfactory  as  solid  weights.  The  Brown  t  sectional  weights 
are  made  aVi  by  2H  in  and  in  weights  of  6,  7,  8,  9  and  10  lb.  They  are  made 
of  both  cast-iron  and  lead.  It  frequently  occurs  after  a  contract  is  let,  that  the 
glass  is  changed  from  double-thick  to  plate  or  prism  gUss.  This  means  increased 
weight;  but  the  length  of  the  sash-weight  camiDt  be  increased  and  it,  therefore, 
becomes  necessary  to  increase  the  area  of  its  crossrsection.  If  the  weight-box 
is  detailed  to  take  the  regular  round  sash-weight,  its  general  construction  will 
be  such  that  it  will  take  a  a-in  round  sash-weight,  but  not  a  2-in  square  sash- 
weight.  Thb  difficulty  can  be  avoided  by  a  little  thought  at  the  start.  An 
added  depth  of  hi  in  in  the  weight-box  permits  the  use  of  a  rectangular  cast-iron 
sash-weight.  The  Sanborn  sectional  sash-weight  t  is  intended  for  use  in  large 
buildings  of  heavy  constmaion.  Because  of  the  lack  of  uniformity  in  the 
weight  of  plate  glass  the  required  weights  of  sash-weights  cannot  be  accurately 
determined  previous  to  the  hanging  of  the  sashes.  By  the  use  of  a  sectional 
sash-weight,  combinations  of  units  can  be  made  up  to  suit  the  requirements. 
The  units  are  made  square  or  rectangular  in  section  in  order  to  secure  a  max- 
imum weight  with  a  minimum  length.  An  opening  of  12  in  in  the  side  of  the 
pocket  is  sufficient  for  hanging  the  largest  unit.  These  units  are  manufactured 
in  standard  sizes  to  meet  the  general  conditions  found  in  the  buikiing  tradef. 

Lead  Sash- Weights.  It  often  happens  that  for  wide  and  low  windows  the 
weights  if  of  iron  would  be  so  long  that  they  would  touch  the  bottom  of  the 
pocket  before  the  bottom  sash  was  fully  raised.  In  such  cases  lead  weights  are 
.  usually  resorted  to,  lead  being  80%  heavier  than  cast  iron.  By  casting  the 
weights  square  in  section,  whether  of  iron  or  lead,  a  considerable  saving  can  be 
made  in  the  lengths.  One  sash-weight  manufacturer!  makes  a  specialty  of 
compressed-lead  sash-weights,  with  wrought  and  malleable-iron  fastenings 
centered  so  that  the  weights  hang  perfectly  plumb;  and  when  lead  weights  are 
necessary  the  architect  will  da  well  to  specify  the  weights  made  by  tlus  com- 
pany. These  weights  are  made  under  hydraulic  pressure,  by  which  greater 
smoothness,  solidity  and  density  of  metal  b  secured  than  is  possible  by  the 
casting-process.  A  wrought-iron  rod  is  run  through  the  center,  to  which  arc 
securely  attached  the  malleable-iron  fittings.  In  hanging  the  sashes  the  weights 
for  the  upper  sash  should  be  about  ^i  lb  heavier  than  the  sash,  and  for  the  lower 
sash,  H  lb  lighter. 

Sash-Balances.  Within  a  comparatively  few  years  several  devices  have 
been  patented  for  balancing  sashes  by  means  of  springs  instead  of  weights,  but 
the  author  believes  that  only  one  type,  known  as  the  SASH-BAi.AtfCE,  has  proved 
a  practical  success.  The  sash-balance  consists  of  a  drum  on  which  the  ribbon 
is  wound,  and  which  contains  a  coUed-steel  clock-spring,  immersed  in  oil;  the 
spring  sustains  the  weight  of  the  sash.  The  common  t3rpe  very  much  resembles 
in  outward  appearance  the  ordinary  sash-ptUley,  and  is  applied  in  practically 
the  same  way;  the  ribbons,  which  are  made  usually  of  aluminum-brooae.  are 

*  Manufactured  by  E.  E.  Brown  &  Company,  Philadelphia,  Pa. 

t  Manufactured  by  E.  £.  Brown  &  Company.  PhiUdelphia,  Pa. 

X  Manufactured  by  the  Lidgenrood  Manufacturing  Company,  New  York  City. 

{  RayoDOd  Uad  Company,  CUcngo.'lIl. 
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a,ttached  to  the  sa^es  in  the  same  manner  as  cords  when  weights  are  used. 
'M^le  the  sash-balance  m  its  best  form  works  very  satisfactorily,  it  will  probably 
soever  entirely  supplant  the  weight  and  axle-pulley  for  ordinary  windows.    There 
9jre  many  windows,  however,  for  which  sufficient  pocket-room  for  weights  cannot 
be  obtained  without  spoiling  the  effect  desired  or  narrowing  the  glass,  as  in  some 
bay  windows,  or  where  it  is  undesirable  to  break  the  frame  into  the  brick  jamb. 
In  such  cases  the  sash-balance  is  almost  invaluable.     For  hanging  the  glass 
doors  of  sbow<ases,  sash-balances  are  usually  preferable  to  weights.    Sash- 
balances  are  made  in  both  side  and  top-patterns,  but  the  former  are  recommended 
-wherevec  there  is  room  at  the  side  of  the  frame  for  the  depth  of  mortise  required. 
For  windows  of  the  sizes  usually  found  in  residences,  the  depth  of  the  sash- 
balance  measuied  from  the  face  of  the  pulley-stile  will  vary  from  3  to  4  in; 
this  can  be  provided  for  usually  by  cutting  a  hole,  if  necessary,  in  the  masonry 
or  studding  back  of  the  frame.    As  sash-balances  require  only  a  plank  frame, 
the  consequent  reduction  in  the  cost  of  the  frame  offsets  the  extra  cost  of  the 
balance.    In  remodeling  old  buildings  which  have  plank  frames  without  weights, 
sash-balances  are  found  to  be  a  great  convenience,  since  they  can  easily  be  in- 
serted in  the  old  frames.    An  advantage  which  all  spring-balances  possess  b 
that  they  act  most  strongly  when  the  sash  is  down,  and  so  enable  one  to  raise 
a  binding  window  more  readily  than  if  it  were  hung  with  weights;  while  when 
the  sash  is  up  the  springs  barely  suffice  to  hold  it  in  position,  and  do  not  offer 
resistance  to  drawing  it  down.    Of  the  various  sash-balances  on  the  market,  the 
Pullman  *  and  the  Caldwell  t  are  the  most  extensively  used,  and  are  undoubtedly 
reliable.    The  Pullman  Unit  sash-balance  has  been  on  the  market  many  years 
and  has  proved  satisfactory.    These  balances  are  now  made  with  uniform-size 
face-plates  for  the  various  weights  of  sash  with  which  they  are  to  be  used,  and 
thus  make  it  possible  to  have  all  mortises  for  the  balances  cut  at  the  mill,  as  is 
now  done  for  the  regular  cord-pulleys.    The  Caldwell  sash-balance,  both  top 
and  side-tjrpes,  is  much  used  by  the  United  States  Post  Office  and  Navy  Depart- 
ments.   It  is  used  also  by  the  leading  car-builders.    The  springs  are  made  of 
high-grade  cold-rolled  tempered-steel  wire,  a  material  similar  to  that  used  for 
dock-springs.    The  manufacturers  guarantee  these  sash-balances  for  from  ten 
to  fifteen  years. 

Saatlng-Space  In  Churchet  and  Theaters.  The  minimum  spacing  for 
pews,  back  to  back,  is  30  in.  This  spacing  is  fairly  comfortable  for  occupants, 
but  is  a  little  cramped  for  persons  passing  by  others  into  or  out  of  the  pews. 
A  spacing  of  3  a  in  is  to  be  preferred,  and  if  there  b  abundance  of  room,  the  spac- 
ing may  be  made  33  in.  Anything  over  33  in  is  a  waste  of  room.  A  space  of 
18  in  m  the  length  of  the  pew  b  considered  a  siTTiNct 

Opera  or  Theater-Chairs  are  made  ig,  20,  21  and  22  in  wide,  center  to  center 
of  arms,  and  in  arranging  them  in  rows  where  the  aisles  converge,  the  ends  are 
brought  to  a  line  on  the  ables  by  using  a  few  chairs  that  are  either  narrower  or 
wider  than  the  standard  width.  For  churches,  a  standard  width  of  ao  in  is 
the  least  that  is  desirable.  For  theaters,  21  or  a2-in  chairs  are  commonly  used 
in  the  parquet,  20  or  2x-in  in  the  dress-circle,  and  20  and  19-in  in  balcony  and 
gallery,  although  there  b  no  accepted  rule  in  thb  respect.  On  account  of  the 
seat-lifting,  opera  or  theater-chairs  may  be  comfortably  spaced  31  in,  back  to 
back,  and  this  is  the  usual  spacing  in  haUs  and  churches.  In  theaters  the 
chairs  are  usually  set  on  steps.  In  the  upper  gallery  these  steps  should  not  be 
more  than  30  in  wide;  in  the  balcony  they  are  usually  made  either  30  or  31  in 

*  Manufactured  by  the  Pullman  Manufacturing  Company,  Rochester.  N.  Y. 
t  Manufactured  by  the  Caldwell  Manufacturing  Company,  Rochester,  N.  Y. 
I  For  dimensions  of  pew4iodi«  see  page  48  of  Churches  and  ChapeMv  F.  Sj.  Kiddr 
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wide,  and  in  the  parquet,  31  or  32  in  wide.  As  a  rule  the  higher-priced  seats 
are  more  commodious  than  the  lower-priced. 

Bstiinatbic  Seating  Capacity.  The  actual  seating  capacity  o(  theaters  and 
audience-rooms  can  be  determined  only  by  drawing  the  seats  to  an  accurate 
scale,  on  the  floor-plan,  and  then  counting  the  number  of  chairs^  or  meawiring 
the  linear  feet  of  pews. 

Approiiniate  Seating  Capacity.  For  approximate  purposes  the  seating  capac- 
ity or  requhred  size  of  room  may  be  determined  by  aUowing  from  7  to  S  aq  ft 
to  each  seat,  or  sitting,  when  on  a  curve,  and  from  6  to  7  aq  ft  to  each  sitting 
when  in  straight  rows,  the  smaller  number  being  used  only  far  huge  rooms. 
This  allows  for  aisles  and  pulpit-platform.  For  small  conoert-halla  and  narrow 
rectangular  rooms,  6  sq  ft  per  sitting  will  usually  be  sufficient  allowance,  pro- 
vided only  that  the  actual  floor-space  utilized  for  seats  and  aisLea  is  oooaadered. 


Seating  Capacity  of  Serersl  of  the  Older  Cathednls,  Churehes,  Theaters 
and  Opera-Homes* 


European  Cathedrals  and  Churches 
Estimating  that  one  person  occupies  an  area  ol  19.7  squaze  inches 


St.  Peter's,  Rome 

Milan  Cathedral 

St.  Paul's.  Rome 

St.  Paul's.  London 

St.  Petronio's,  Bologna 

Florence  Cathedral 

Antwerp  Cathedral 

St.  Sophia's,  Constantinople. 
St.  John  Lateran,  Rome . . . . 


54  000 
37000 
32000 
35600 
S4  4Q0 
34  300 
34000 
23000 
33900 


Notre  Dame,  Pahs 

Pisa  Cathedral 

St.  Stephen's,  Vienna 

St.  Dominic's,  Bologna. . . 

St.  Peter's.  Bologna 

Cathedral  ol  Sienna 

St.  liark's.  Venice 

Spurgeon's     Tabernacle, 
London 


000 
000 
400 
000 
400 


7000  I 


European  Theaters  and  Opera-Uouses 


Carlo  Felice,  Genoa 

Opera-House.  Munich 

Aleiander.  St.  Petersburg. . 

San  Cario.  Naples 

Imperial,  St.  Petersburg 

La  Scala,  Milan 

Academy  o(  Paris 


2560 

3370 

3333 

3840 

3160 

3  1X3 

3093 

Drury  Lane,  London 

Covent  Garden,  London . 

Opera  House,  Berlin 

Adelphi,  London 


Globt,  London. 


1948 
3000 
1636 
3300    I 
lt9D     I 
I  too     i 


Some  Early  American  Theaters  and  OperarHouses,  outside  of  New  York 


The  Auditorium,  Chicago 
Academy  ol   Musk,   Phila- 
delphia  

Boston  Theater.  Boston. . 


4300 


3134 
3000 


Castle  Square  Theater. 
Boston 


Gaiety  Theater,  Boston. . .  | 
Grand   Opcsa-Hoose*   Cif>> 


1600  to 
x8oo 

nearly 
3000 

1736 


*  Hie  tabk  folknriBg  thisoae  gives  the  seating  capacities  of  theaters  fai  use  In  1914  fa 
BOOM  of  the  boroughs  of  New  York  Ci^.  The  above  Ubie  of  seating  capacities  of  some 
of  the  earlier  churches  and  theaters  is  retained  for  purposes  of  comparison.  So  maay 
important  structures  of  these  types  have  been  erected  in  recent  years  in  the  Uiger  dticsof 
the  world,  or  are  now  (1915)  hi  process  of  erectiott.  that  It  has  been  found  impowible  to 
laks  any  list  tbat  would  U  and  would  remain,  ior  any  length  o^time.  ^mptete. 


Seating  Cq^Mdty  of  New  York  Theaters 
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Name 


Academy  of  Music , 

Aihambra 

American 

AjDQcrican,  Roof 

Aetor 

Bdesoo 

Berkley  Lyceum 

Btjou 

Braedway 

Bronx 

CaraegieHall 

Cemegie  Lyceum. ....... 

Caeino 

Century 

Century,  Roof 

Cifde 

City 

Clinton  Street  (Odeon) . . . 

Georfe  M.  Cohan 

Colonial 

Columbia 

Comedy 

Criterion 

Daly-te 

Dclancy  Street 

Poxec  (Dewey) 

86th  Street 

Eltinge 

Bmpiie 

Family 

Fifth  Avenue  (Proctor's) . 

14th  Street 

48th  Street  (Brady's) 

Pulton .' 


Seating 
capacity 


fl6S3 

I9B9 

xtt3 

1134 

1 137 

9B4 

416 

«I4 

177« 

1764 

640 
I4£S 
9078 
1 150 
Itt4 

9«H 

X073 

X54I 

I  315 

«96 

9x6 
1074 
X  242 
X310 
1436 

1099 

IM4 
IISS 

9«9 
«e 


Name 


Oaiety 

Oerden :.... 

Garrick 

Globe 

Gotham 

Onind 

Grand  Oyera-House 

Gieeley  Square  (Loew's) . . . 

Hariem  Casino 

Harlem  Opera-House 

Harris 

Herald  Square 

Hippodrome 

Hudson 

Hurtigand  Seamen's  (Music- 
Hail) 

Illiagton 

Irving  Place 

Keith's  Union  Square 

Kessler's  and  Avenue 

Kessler's  and  Avenue.  Roof 

Knickerbocker 

Lafayette 

Liberty 

Lincoln  Square 

Lipzin 

Uttle 

Lonoacre. 

Loev*8  Fifth  Avenue 

Loew's  7th  Avenue 

Loew*B  National 

Lyeeum 

Lyric 

Madiaon  Square  Garden — 


Seating 
capacity 


8c6 
X090 

844 
1x94 

Xfi36 

1888 

2093 
X906 

• 

1393 

847 
X160 
4S88 
1077 

1093 

• 

X079 
xo8d 
1803 
734 
I  351 
1042 

I  2X1 

IS47 

xoao 

299 

• 

964 
Idas 
a333 

9S7 
I4S3 

33y,. 


?  Dtta  not  f  vniriied. 
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8«mtlnc  Capacitj  of  Hew  York  ThMtwt  (19x4)  (ContiAned) 


Borooghs  <jf  Manhattan  and  the  Bronx 


Name 


Biadiflon  Sq  Garden.  Roof. 
Manhattan  Opera-House. . . . 

Maxine  Elliott 

Metropolis 

Metropolitan  Opera-Houae. . 

McKinley  Square 

Miner's  Bowery 

Miner's  Bronx  (Acme) 

Miner's  8th  Avenue 

Minsky 

Moulin  Rouge 

Murray  Hill 

Mount  Morris 

Nemo 

New  Amsterdam 

New  Amsterdam,  Roof. . . . 
New  York  Theater.  Roof. . 

Olympic 

xx6th  Street 

Odeon  X45th  Street 

Park 

People's 

Phmppa 

Plasa 

Playhouse 


Seating 
capacity 


700 

3900 

904 
X  150 
33QS 
1500 
xx68 
I79» 
XX7« 
x866 
16x5 

1324 

94X 
16x8 

610 
XJ37 

745 
1743 

904 
X5X3 

1693 

• 

1544 
g79 


Name 


Proctor's  33rd  Street 

Pxoctor's  s8th  Street 

Proctor's  lasth  Street 

Prospect 

Republic 

Richmond 

Riverside 

Savoy 

Star 

St.  Nicholas 

Thalia 

Third  Avenue  (Keeney's) . . . 

39th  Street 

Tremont 

Victoria 

Victoria.  Roof 

Wadsworth 

Wallacks 

Washington 

Weber's 

West  End 

Weber  and  Field  Muaic-Hall. 

Winter  Garden 

Yorkville 


Seating 
capacity 


xa6a 
1673 
1663 
1475 

900 

665 
X7«3 

857 
ta68 

* 

1380 
xi7a 

fi77 
xooo 
1400 

84a 

996 
xaQ3 
I  517 

800 
1835 
IS3S 
X494 
I  191 


*  DaU  not  furnished. 


Borough  of  Brooklyn 


Academy  of  Music. . . 

Amphion 

Bijott 

Broadway 

Buahwick 

Casino 

Columbia , 

Comedy 

Crescent 

DeKalb 

Empire^ 

Fifth  A'venue 

Polly 

Fulton 

Gayety 

Gotham 

Grand  X)pera- House . 
Greenpoint 


3300 

1589 

isto 

I9«9 

3338 

isn 

1673 

1133 

x  6X0 

3333 

1740 

XC63 

1840 

149a 

I4SS 

958 

I  515 

1776 

Jones.... 
Liberty. 


Lyceum 

Lyric 

Majestic 

Myrtle I 

NewMontauk 

Novelty , 

Olympic ...j 

Orpheum 

Oxford 

Payton*8 

Prospect  Hall 

Royal 933 

Shubert's 1779 

Star 1517 


860 

t333 

647 

999 

956 

I89X 

807 

X333 

1033 

1530 

I  811 

704 

1483 


y  Google 
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IMmentioiM  of  Sobm  Th«ftt«n  and  Open-HoosM  ** 

The  foUowing  ife  the  dtmensioiis,  in  feet,  of  some  oC  the  earlier  theater*  in  thia  oountiy 
and  in  Europe. 


Name  and  location 


Auditarinsn 


Proscenium- 
opening 


I 


8t*8B 


Alexander.  St.  Petersburg. . 

.Berlin 

La  Scala.  Milan 

San  Carlo.  Naples , 

Grand.  Bordeaux 

Salle  Lepeletier.  Paris 

Covent  Gacden,  London. . . 

Drury  Lane.  London 

Boston,  Boston 

Academy  of  Music,  New 
York 

Academy  of  Music.  Philar 
delphia 

Globe,  Boston 

Museum.  Boston 

Metropolitan  Opero-House, 
New  York! 

The  Auditorium,  Chicago. . 

Empire.  New  York 

Knickerbocker,  New  York. 

Garrick.  New  York 

Fifth  Avenue,  New  York. . . 

American.  New  York 

Proctor's  Pleasure  Palace. 
New  York 

Hudson,  New  York 

Grand  Opera-Houae.  Cin- 
cinnati  

Castle  Square.  BostonlT .... 

Gaiety,  Boston 


66 
60 

68 


69 

'74U 

74W 
67W 

67 

77 


58 
47 
64 
&3 
57 


76         66 
66 
64 
71 


66 
79 
53 

'74W 

74W 
67 

69 

•5V4 
80H 


74 


S6 
41 
49 
52 

37 
43 
3» 
32 
46 


48 
31 
54 


34 

47Ht      35 
27 

39 


34 
32 

36 

40 


7ot 


34 
34 


34  V 
30 


I    34 
I    34 


75 
92 
86 
66 
80 
78 
86 
48 
«7 


90 
6a 
68 

100 
no 

67 

40 

71H 

80 

77« 

70 
67H 

67 
68 
60 


84 
76 
78 
94 
69 
82 
55 
80 
68 

71 

72 
38 
46 

73 
70 
30 
65H 

26^ 

35 

43H 

40 

30H 

41 

4SVi 
42 


88 
95 
65 


73W 


70 


Notes  on  TlieAtar-Dlme]i8ion8.tt  "The  utmost  distance  from  the  front  of 
the  stage  to  the  rear  ought  not  to  exceed  75  ft,  or  the  limit  the  voice  is  capable 
of  expanding  in  a  lateral  direction/' 

"Measured  from  the  curtain-line,  the  San  Carlo  Theater  in  Naples  is  73  ft;  the 

*  From  the  curtain  or  back  line  of  proscenium  opening, 
t  Measured  from  stage  to  center  of  ceiling. 
X  To  the  "gridiron"  or  rigging-loft. 
{  As  remodeled  in  1893. 
II  Can  be  enlarged  to  40  by  40  It. 
IT  The  plan  of  this  theater  is  in  the  shape  of  a  horseshoe. 

**  See  footnote  with  table  of  Seating  Capacities  of  Churches,  Theaters,  etc,  page  i574t 
in  regard  to  data  relating  to  recently  constructed  buildings  of  these  types. 
ft  From  The  Planning  and  Constnictioa  of  American  Tbeateis,  hy  Wm.  H.  Birkmire. 
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theater  at  Bologna,  74  ft.  Of  the  London  thea(ec%  the  AdeH^ii  is  74  h,  Covent 
Garden  80  ft,  the  Gaiety  53  ft  6  in,  Lancaster  58  ft  4  in,  Marylebone  74  ft  and 
the  Globe  47  ft  6  in/' 

I  The  width  of  the  ideal  theater,  between  inside  wails,  should  be  from  70  to 
75  ft,  and  "the  ceiling  should  be  from  55  to  6$«  or  even  70  ft  above  the  stage- 
level." 

"The  depth  of  the  parquet-floor  at  tiM  Ofchestra-rail  is  governed  by  the 
stage-level,  and  is  genenilly  from  3  ft  6  in  to  4  ft  3  in  below  the  stage.  A  depth 
of  3  ft  9  in  it  a  good  height,  as  it  fixei  the  eye  of  the  spectatM  $  fai  above  the 
stage-lev4." 

"The  httight  of  the  stage,  that  is,  from  Che  floor  to  the  bottom  of  the  'gridiron ' 
or  rigging-loft,  should  be  a  or  3  ft  over  twice  the  height  ot  proscenium-opening, 
in  order  that  the  flre-curtain  may  be  raised  the  full  height  of  the  openings" 
There  should  be  a  height  of  7  ft  above  the  gridiron  to  enable  the  fly-men  to  adjust 
their  ropes  with  lacflity. 

PropottioiiiiiC  Oiittert  tud  Cdiidticton  to  tho  Rdof-Sufftce.    The  size 

of  gutters  and  down-spouts  and  thdr  distiince  4pait  for  roofs  of  mifl-buikfings 
with  a  H  pitch  and  of  different  spans  are  shown  in  the  following  table:  * 


One-half  roof-span,  in  feet 

Size  of  gutter,  in  inches 

Sixe  of  dowiMpouts.  in  inches. . 
Spacing  of  downspouts,  in  feet . 


to  20 

5  S 

3  3 

90  80 


30  4»  50 

«  6  7 

4  4  S 

50  50  40 


60 

7 
S 

40 


70 
8 
6 

40 


8 

6 
40 


The  specifications  of  the  American  Bridge  Compattjr  ptnVide  as  follows  for 
the  size  of  gutten  and  conductors:  t 


Spanofnxif 

Gutters 

Up  to  90  ft 
Prom  so   to  70  ft 
Prom  70  to  100  ft 

Oin 
7  in 
tin 

4iflevery  4ofk 
5  in  every  40  ^ 
3  in  every  40  ft 

Hanging  gutters  should  have  4  slope  of  alMut  x  Ift  in  evecy  16  ft. 

"The  Ptoduoe  Exchange  Building  in  NeW  York  City,  wHh  a  txx>f-af«a  of 
three-fourths  of  an  acre,  roughly  speaking,  has  twdve  Inders,  e9U:h  about  5  in 
in  diameter.  The  roof,  which  is  paved  with  fire-brick,  b  graded  with  slopes  of 
perhaps  one  in  fifty  toward  the  points  at  which  the  leader-openinfs  are  pU«sd, 
most  of  these  draining-surfaces  being  about  40  by  70  ft  each.  The  provision 
here  made  is  equivalent  to  about  i  sq  in  of  leader-opening  to  140  aq  ft  of  roof- 
sujface.  On  the  Sloane  Building,  at  19th  Street  and  Broadway,  New  York 
City,  with  a  roof-area  of  18  000  or  20  000  sq  ft,  sloping  one  in  twenty-five,  there 
are  two  leaders,  each  about  6  in  in  diameter,  and  a  third  rectangular  leader, 
4  by  6  in  in  cross-section.  This  gives  an  allowance  of  240  sq  ft  of  surface  lo  the 
square  inch  of  leader-opening,  while  on  the  MasHachnsetts  Hospital  Life  Insur- 
ance Company's  Building  and  the  Hemenway  Building,  in  Boston,  the  pn^ortion 
is  only  from  60  to  70  sq  ft  to  the  square  inch  of  spsniag.  *'  % 


•  «.  a.  Tyrrai 

T  SK.  9>  KreceMMBr. 

t  DWlght  Potter  to  the 
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Elevator-Sefvke  In  Buildings  1579 

ELEVATOB-SEBTICE  IN  BUILDIlfGS* 

GMitml  Connd«fftti<ms.  An  efikjent  elevator-Betvice  may  be  obtained  by 
nuduAes  of  any  one  of  several  types,  the  choice  of  the  one  deckled  upon  for  any 
building  depending  upon  varying  conditions.  The  following  is  a  general  daeai- 
fication  of  elevators  (lee,  abo^  page  i$88): 

I.  Hydraulic  devatora: 

(i)  Vertical,  geared  hydraulic  type. 

(2)  Hotiimntal,  geared  hydraulic  type. 

(3)  Dit«dt-lift  plunger^ype. 

(4)  Inverted  (high  pressure)  plunger*type. 
3.  Electric  elevators: 

(i)  Drum- type. 

(2)  Worm-gear  traction-type. 

(3)  Melical-gear  type. 

(4)  Gearless,  traction-type. 

(a)  Direct-drive  (one-to-one)  type. 

(b)  Two-tp-one  type. 

In  addition  to  these,  there  are  also  the  belt-orivem  tjrpe  of  elevators,  and  the 
HAND-POWER  elevators.  The  belt^lriven  type  may  be  either  singu-bblt  or 
DOCBLE-fiSLT  driven,  the  former  being  used  with  a  reversible  motor  and  the 
latter  where  driving-power  is  taken  from  a  line-shaft.  In  view  of  varying  and 
sometimes  conBicting  claims  of  competing  manufacturers,  the  architect's  de- 
cisbn  must  be  governed  by  impartial  engineering  judgment  rendered  after  a 
careful  study  of  the  problem  in  each  case. 

6«ar«d  V«rsua  GMdeas  Types  o!  St«t*ton.  (See^  also,  page  1589.) 
There  has  been  much  discussion  regarding  the  merits  and  demerits  of  geared 
and  gearless  machines  for  elevators  and  the  efficiency  and  future  of  each. 
ManufActurers  of  gearless  traction-machines  have  claimed  that  the  use  of  the 
helical  gear,  for  example,  for  elevator-nuicfaines,  being  k  relatively  recent  devel- 
opment, has  not  extended  over  a  sufficient  length  of  time  to  permit  of  extensive 
or  definite  data;  that  they  are  used  for  different  and  less  severe  service  than 
that  for  which  the  geariess  traction-machines  are  employed;  and  that  they  can- 
not rival  the  gearless  traction-machines  from  the  standpoint  of  efficiency.  On 
the  other  hand,  the  manufacturers  of  helical-gear  elevator-machines  claim  that 
gears  have  been  in  successful  use  for  many  years,  the  substitution  of  helical 
gears  for  worm-gears  being  the  only  difference  made  in  the  application  to  their 
type  of  elevators;  that  the  helical-gear  elevators  installed  in  some  of  the  highest 
office-buildings  are  doing  as  much  work  as  any  geariess  traction-machines;  and 
that  the  mechanical  efficiency  of  the  heUcal-gear  machines  is  only  a  little  below 
that  of  the  geariess  traction  the  electrical  efficiency  under  local  or  ordinary 
running  conditions,  greater,  and  the  car-mile  consumption  in  kilowatt-hours,  less. 

QvMtioiia  of  Coit  And  Bffidency  of  Blevatert.  The  principal  demerit 
of  elevator-machines  of  the  geariess  type  is  their  relatively  Ugh  first  cost,  al- 
though even  that  is  much  lower  than  the  initial  cost  of  elevators  of  the  plunger- 
type.  The  use  of  any  gear,  whether  of  the  helical,  worm  or  spur^ype,  Is,  in  the 
opinion  of  many  engineers,  to  be  reconmiended  only,  for  the  purpose  of  obtaining 

*  The  matter  rclatfalg  to  elevaton  and  devator-service  is  condeMed  and  sdatsted  by 
penniiBiM,  from  dau  furaisbed  by  vsrioos  engineers  and  maniifaetiiren,  and  papers 
by  the  Otis  Elevator  C9iap«iy,  New  York  Ctt^',  The  H.  J.  Reedy  Company.  Ctodiihati, 
Ohio;  &.  P.  Bolton  of  The  R.  P.  Boltoft  Company.  Consultfng  fin^ineers,  New  Yorit, 
«irf  auitar  of  "  Slevitor  Sef^^ce*';  C.  B.  Knok.  Coasalttog  Eagiaeer,  Naur  York*,  M.  W. 
Ehxlicb,  Coosultiag  Engineer,  New  York;  and  others. 
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a  higher-speed  motor,  becaiue  a  higher-speed  motor  costs  less  than  a  low-speed 
motor.  The  helical  gear  is  generally  considered  a  more  efficient  tjrpe  of  gear 
than  the  worm>gear  and  has  a  deserved  place  in  the  development  of  the  eleva- 
tor-industry. The  helical-geared  traction-elevators  will  undoubtedly  be  ex- 
tensively used,  for  the  reason  that,  even  if  they  are  not  considered  by  some 
engineers  to  be  as  good  in  some  details  as  machines  of  the  gearless,  traction 
type,  they  are  less  erpensive.  It  is  undoubtedly  true,  however,  that  the  intro- 
duction of  any  gear  means  some  loss  in  power,  and  it  is  claimed  that  tests  show 
that  low-speed  motors  can  be  designed  which  are  in  every  way  as  efficient  as 
high-speed  motors.  The  data  and  statements  in  the  following  paragraphs  relat- 
ing to  elevator-service  in  buildings  are  presented  as  useful  aids  to  architects,  and 
include  some  opinions  and  conclusions  which  are  to  be  accepted  or  modified  in 
the  light  of  constant  additions  to  engineering  knowledge. 

A.  General  Condltiont  Affecting  the  Requirements  of  Speciilcations 
for  Elevator-SerYice  * 

Electric  Versna  Hydraulic  Elevators.  The  question  of  the  type  of  ele\-a- 
tors,  whether  electric  or  hydraulic,  is  best  determined  by  the  local  conditions,  or 
the  special  conditions  which  exist  in  every  plant.  The  relation  of  the  ^evator- 
equipment  to  the  entire  mechanical  equipment  should  be  carefully  considered, 
and  should  be  decided  only  after  mature  deliberation  and  consultation  with 
unprejudiced  engineers  and  elevator-manufacturers.  At  the  present  time  (1914  > 
about  90%  of  the  elevators  being  installed  are  electric,  and  this  includes  aH 
types  of  buildings  from  the  small  one  with  but  one  elevator  to  the  tall  sk>-- 
scrapers  of  the  big  cities.  The  electric  equipment  recommends  itself,  for  wbik 
it  has  all  of  the  safety-features  of  the  hydraulic  equipment,  it  is  a  more  flexible 
system,  is  more  adaptable  to  all  kinds  of  conditions,  and  requires  much  less  space. 
The  question  of  space  is  a  particulariy  important  consideration  in  office-buildings. 
Furthermore,  the  control-system  is  more  automatic,  the  acceleration  and  retarda- 
tion of  the  car  can  be  made  more  rapid,  and  the  stops  more  accurate;  the  effi- 
ciency, also,  is  higher  and  in  most  cases  the  cost  of  operation  lower.  (See,  also, 
paragraph  on  Comparison  of  Merits  of  Electric,  Traction  and  Hydraulic,  Plunger- 
Elevators,  page  1590 ) 

Location  of  Hoistways  and  Machinery-Room.  The  location  of  the  hoist- 
ways  is  rather  a  matter  for  the  good  judgment  of  the  architect.  In  the  larger 
equipment  all  elevators  serving'one  portion  of  the  building  and  for  the  same 
character  of  service,  should  be  placed  in  one  bank  and  not  distributed  or  sepa- 
rated. Thus,  all  express-elevators  should  be  together  and  in  one  bank,  as  shouM. 
also,  the  locals.  The  hoistways  should  be  so  placed  that  the  entrances,  in  all 
stories,  are  on  the  same  side  of  the  car.  In' some  of  the  larger  cities,  two  en- 
trances for  a  passenger-car  are  not  permitted,  unless  the  doors  can  be  controlled 
by  the  attendant  without  leaving  the  operating-device.  The  machinery-room 
should  be  well  ventilated,  light  and  clean  as  possible,  in  order  that  the  machioeo' 
may  be  given  proper  attention.  This  room  should  also  be  large  enough  to  make 
the  machines  readily  accessible  for  repairs  and  inspection.  Where  the  machines 
have  heavy  parts,  which  it  may  be  necessary  to  remove  from  time  to  time  for 
repairs,  it  is  advisable  to  kxate  a  trolley-beam  with  hand-hobt  above  them  to 
facilitate  the  handling  of  these  parts. 

*  The  Otis  Elevator  Company,  New  York,  has  been  of  assistance  in  foinisiiinff  much 
of  the  engineering  data  of  Section  A,  of  this  article  on  elevaton.  Among  other  details 
it  considers  especially  those  conditions  which  should  be  considered  and  made  definite 
by  the  architect  preliminary  to  the  preparation  of  the  elevator-spedficatioos.  Tbe 
paragraphs  of  Section  A  should  be  read  in  connection  with  those  of  Section  B,  page  1587. 
and  the  data  compared. 
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Nvfliber  and  Sizes  of  BleTAton.  (See,  also,  pages  1593  and  1595.)  The 
number  and  sizes  of  elevators  are  govecned  by  the  following  considerations:  (i) 
the  character  of  the  building,  (2)  the  height  of  the  building,  (j)  the  rentable 
area,  (4)  the  time-intervaia  between  the  departures  of  cars,  (5)  the  number  of 
stories  to  be  served,  (6)  the  average  number  and  length  of  stops  per  trip^  (7) 
the  speed  of  the  elevators  and  (8)  the  type  of  elevators  used.  No  iron-dad 
rules  can  be  given  for  all  types  of  buildings*  but  the  larger  office-buildings, 
loft'bulldings  or  Ught-manufacturing  buildings  have  been  sufficiently  regular 
in  design  to  warrant  some  general  rules,  based  upon  experience;  even  in  these 
cases,  however,  the  governing  conditions  vary  with  the  size  of  the  building. 
One  of  the  most  essential  requirements  for  a  satisfactory  plant  is  quick  ser* 
VICE  and  in  first-class  office-buildings  the  intervals  between  cars  should  not 
exceed  30  seconds.  The  number  of  stories  to  be  served  by  a  car  should  be  a 
consideration.  For  example,  in  a  fifteen-story  building,  assuming  that  stops  are 
made  at  to%  of  the  stories  for  one  passenger  each,  and  allowing  2  sq  ft  for  each 
passenger,  and  4  sq  f t  for  the  operator,  the  car  diould  have  an  inside  area  of 
about  28  sq  ft.  In  order  to  facilitate  unloading  and  thus  increase  the  efficiency 
of  the  system,  it  is  desirable  to  have  the  width  of  the  car  greater  than  the  depth. 
In  the  above  case,  a  car  with  outside  dimensions  of  about  6  ft  wide  by  5  ft  deep 
would  give  the  best  results,  showing  a  difference  of  from  15  to  20%  between  the 
depth  and  width.  In  specifying  the  equipment,  it  is  better  to  call  for  several 
moderate-sized  cars  and  a  high  speed,  than  for  a  few  large  cars  of  slower  speed 
and  larger  capacities.  Thus,  three  cars,  each  carrying  one-third  of  all  the  passen- 
gers, are  better  than  two  cars,  each  carrying  one-half,  as  the  service  is  increased 
by  making  the  period  between  cars  less.  As  the  elevator-service  largely  deter- 
mines the  success  of  a  building,  it  is  of  vital  importance  that  a  sufficient  number 
of  elevators  be  installed  to  handle  the  regular  traffic,  as  well  as  emergenor-con- 
ditions  in  case  of  a  shut-down.  To  illustrate  what  is  considered  the  proper 
proportion  of  passenger-elevators  for  buildings  of  various  heights,  the  following 
table  is  given,  based  upon  a  rentable  area  of  8  000  sq  ft  per  story  and  125  tq  ft 
per  person.  This  table  shows  the  various  combinations  for  elevators  with  a 
speed  of  from  400  to  500  ft  and  of  600  ft  per  min  for  buildings  of  from  10  to 
30  stories  above  the  ground. 

Table  Showing  Ifumber  of  Blevaton  Required 
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Buildings  equipped  with  both  local  and  ezpms-wrvice  ihoiild  have  the  same 
number  of  elevators  for  each  daaa  of  lervioe.  In  the  case  of  the  twcnty-bve 
story  building  for  600  ft-per-min  speed,  it  is  to  be  noted  that  the  local  elevators 
are  shown  serving  from  the  first  to  fifteenth  stoiy,  whereas  the  ezprcas-elevators 
serve  from  the  fifteenth  to  the  twenty-fifth  stoiv.  The  qprrss  elevators  can- 
not serve  as  many  stories  as  the  locals  on  acoouni  of  the  extra  time  conamQcd  in 
the  run  to  the  first  express-landing.  With  the  distribution  as  shown,  the  service 
for  all  stories  is  about  equal,  and  both  express-elevators  and  lool  elevators 
operate  on  about  the  same  schedule.  In  the  fourth  and  fifth  «viiiwn»*  are 
shown  what  is  considered  the  best  arrangement  with  the  exprwn  bIi.  vators 
operating  at  a  600  and  the  locals  at  a  500  ft-per-min  speed.  Upon  oomparisoQ 
with  the  second  and  third  colunms,  it  will  be  noted  that  the  ezprea&-eievaton 
are  to  serve  one  additional  story.  Thb  is  due  to  the  difference  in  speed  between 
the  express^levators  and  local  levators  and  is  done  so  that  the  srhedule  may 
still  remain  the  same  for  both.  (See,  also,  paragraph  on  the  Local  and  Express 
Round-Trip  Time,  page  1595) 

Loads  and  Speeds.  The  sizes  of  the  machines  or  hobting-apparaJbis  are 
determined  by  the  loads  and  speeds.  The  loads  for  passenger-cars  should  be 
figured  on  a  basis  of  75  lb  per  sq  ft  of  inside  area  of  platform.  The  speed  h  i 
very  important  factor,  as  the  foregoing  indicates.  This  is  usually  limited  bj 
local  ordinances,  and  in  New  York  City,  cars  stopping  at  all  stories  are  not  per- 
mitted to  exceed  a  speed  of  500  ft  per  min.  For  express-service,  in  that  portioR 
of  the  shaft  where  no  stop  b  made,  a  speed  of  700  ft  per  min  is  allowed.  This 
NO-STOP  DISTANCE  must  be  at  least  80  ft  or  more.  The  best  companies  for  ek- 
vator-insurance  will  not  permit  electric-dnim  elevators  for  a  speed  much  ovt^r 
400  ft  per  min,  whereas  the  gearless,  traction-drive  type  and  the  hytlrauUc  types 
are  approved  up  to  the  limits,  as  noted  above.  In  hydraulic  plants  it  is  necessary 
to  specify  the  number  of  rotmd  trips  per  hour  for  the  entire  elevatorequipment.  I 
This  is  required  in  order  to  determine  an  adequate  pumping-plant. 

Hoistways.  The  hoistways  should  be  finished  to  plumb-line  dimensions,  so 
that  the  car  running  on  guide-rails  set  to  plumb-line  will  at  all  points  have  the 
same  clearance.  Supports  should  be  provided  adjacent  to  the  hoistway  for  the 
overhead  beams  at  a  distance,  if  possible,  of  at  least  4  ft  from  the  top  of  car- 
frame  when  the  platform  is  flush  with  the  top  landing.  This  distance  shouU 
be  increased  where  possible  so  that  the  car  will  have  ample  clearance,  thus 
preventing  accidents  due  to  striking  the  overhead  work,  in  case  it  should  run 
past  the  top  landing.  The  minimum  clearances  between  the  top  of  the  car- 
frame  and  the  overhead  apparatus  are  usually  limited  by  the  local  building  regu- 
lations, and  these  should  be  consulted.  In  the  case  of  the  devators  operating 
at  a  speed  greater  than  350  ft  per  min,  the  distance  given  above  would  probably 
have  to  be  increased  in  order  to  comply  with  these  regulations.  A  pit  diould  be 
provided  at  the  bottom  of  the  shaft.  This  should  be  at  least  3  ft  deep,  and  as 
is  the  case  with  the  overhead  clearances,  the  depth  b  usually  regulated  by  the 
buikiing  regulations,  in  accordance  with  the  speed  of  the  levator.  Wherever 
possible,  the  hoistways  should  be  so  planned  that  the  main  guide-raib  may  be 
placed  at  the  sides  of  the  car.  Supports  should  be  provided  at  all  the  floors  for 
these  raib,  and  where  the  distance  between  floors  b  greater  than  12  ft,  inter- 
mediate supports  should  be  provided.  The  distance  from  the  seaports  for  the 
overhead  beams,  to  the  penthouse  or  skylight-roof,  varies  with  the  type  of  in- 
stallation, but  can  be  sccuratdy  obtained  from  the  devator-manufscturer. 

Protection  of  Counterweights.  In  New  York  City  the  Bureau  of  Buildings 
fequires  that  where  the  counterwdghts  run  in  the  same  shaft  as  the  car,  they 
must  be  protected  with  a  substantial  screen  of  iran  tooMui  topnf  the  rail  to  a 
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point  15  ft  bebw,  except  where  the  plunger-type  or  traction-type  elevator  ia 
used. 

Building  Laws  GoTeming  Elevator-Installation.  The  Bureau  of  Build- 
ings, Borough  of  Manhattan,  New  York  City,  issued  regulations  •  governing 
the  construction,  inspection  and  operation  of  all  types  of  elevators,  and  the 
special  attention  of  all  architects  is  called  to  them,  as  they  are  not  only  obligatory 
there,  but  are  excellent  guides  to  practice  at  all  times.  The  foregoing  paragraphs 
are  intended  to  give  an  idea  of  what  the  architect  must  consider  and  provide 
in  a  building  for  the  reception  of  the  elevator-apparatus,  and  what  he  must 
determine  in  order  to  enable  the  manufacturer  to  intelligently  design  and  lay 
out  his  machinery. 

Standard  Designs  and  Special  Apparatus.  The  specifying  of  apparatus 
of  special  construction  is,  as  a  rule,  not  to  be  reconunended.  Standard  designs 
should  be  used  as  much  as  possible,  as  (i)  they  are  more  apt  to  be  well  designed, 
tested  and  built,  (2)  they  are  undoubtedly  less  expensive,  both  in  initial  cost 
and  mamtenance  and  (3)  repair-parts  may  be  more  easily  and  quickly  obtained 
and  at  less  cost. 

Specifications  for  Elevator-Installation.  The  specifications  aliould  include 
data  included  in  the  following  classification. 

(x)  Kinds  of  service  and  number  of  elevators  of  each  service, 
(a)  Maximum  load  wanted. 

(3)  Maximum  speed. 

(4)  Load  with  maximum  speed. 

(s)  Maximum  number  of  round  trips  per  hour  for  each  elevator. 

(6)  Method  of  control.    For  electric  elevators,  car-switch  control  should 

be  used  for  passenger-service  and  for  all  elevators  for  a  speed  over 
iSoftpermin. 

(7)  Size  of  hoistways  and  area  of  car-platforms. 

(8)  Travel  of  car-platform  in  feet,  number  of  car-landings,  and  number  of 

openings  at  each  landing. 

(9)  System  used.    If  electric,  direct  or  alternating  current,  the  voltage  and, 

also,  the  phase  of  cycles  for  alternating'  current  should  be  given.  If 
hsrdraulic,  the  steam-pressure  or  electric  current  characteristics  for 
the  pump-motors  or  the  water-pressure,  if  the  purchaser  provides  the 
pumps,  tanks  or  other  source  of  water-pressure  supply. 

(10)  A  sketch-elevation  showing  landings,  supports  for  overhead  beams,  space 

for  the  overhead  sheaves,  and  runb3rs  at  top  and  bottom;  a  sketch-plan 
showing  size  and  shape  of  hoistways,  entrances,  position  of  car  and 
counterweight,  guide-raHs,  and  location  of  space  available  for  machines, 
pumps,  tanks,  etc.,  with  reference  to  hoistways. 

(11)  Car  and  counterweight  guide-rails,  whether  of  wood  or  steel. 

(12)  Supports  for  fastening  the  rails,  character  of  these  supports,  and  where 

and  how  located. 

(13)  Value  of  finished  car  or  cage,  that  is,  the  specified  amount  to  be  allowed 

for  each,  the  design  being  subject  to  the  approval  of  the  architect. 

(14)  Number  and  size  of  ropes,  if  not  left  to  the  judgment  of  the  elevator- 

contractor,  The  largest  sheaves  possible  should  always  be  required, 
as  this  factor  determines  largely  the  life  of  the  ropes. 

(15)  System  of  signals,  that  is,  (a)  annunciators  in  the  cars  with  push-buttons  * 

at  the  landings,  {b)  up  and  down  signals  in  the  cars,  with  up  and  down 
buttons  at  the  landings,  so  arranged  that  a  car  going  up  receives  only 


*  Published  In  the  Record  and  Guide,  Jofjr  99th,  191  x, 
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UP  signals,  and  a  car  going  down  receives  only  down  signals^  each 
signal  being  automatically  reset  by  the  first  car  stopping  at  the  story 
from  which  the  signal  is  given.  This  system  adds  greatly  to  the 
efficiency  of  a  battery  of  elevators,  as  it  avoids  the  confusion  of  more 
than  one  car  answering  a  signal,  or  a  car  going  in  one  direction  stopping 
for  a  passenger  going  in  the  opposite  direction.  The  number  of 
stories  at  which  each  car  is  to  land  should  always  be  specified. 
(i6)  Indicators.  Whether  at  the  ground-floor  only,  for  the  infonnation  of 
the  starter  regarding  the  position  of  the  cars»  or  at  all  floors.  Indi- 
cators are  unnecessary  with  the  automatic  signals  last  described,  excepc 
at  the  ground-floor,  as  there  is  at  each  floor  an  itp  and  down  signal  to 
show  the  first  available  car  in  either  direction. 

(17)  Source  of  power.    It  should  be  specified  whether  the  connections  will  be 

brought  to  the  elevator-apparatus  by  the  purchaser  or  by  the  de- 
vatorrcontractor.  If  by  the  latter,  a  sketch  should  be  made  showing 
the  distance,  and  for  the  electric  system  the  specifications  should  state 
whether  the  wiring  is  to  be  open,  that  is,  on  cleats,  in  moldings,  or  in 
conduits;  the  sizes  of  wire,  and  the  switches,  cut-outs,  etc.  For  an 
hydraulic  ^stem,  the  size  of  pipe  for  steam-supply  should  be  given. 
The  sizes  of  water-piping  should  be  left  to  the  elevator-contractor  and 
he  should  be  held  responsible  for  them.  Also,  in  the  case  of  an  hy- 
draulic system  operating  from  street-mains,  the  specifications  should 
state  by  whom  the  piping  is  to  be  done  and  who  is  to  furnish  the  water- 
meter. 

(18)  Pumps  and  tanks  in  hydraulic  plants.    These  should  be  furnished  by  the 

contractor.  The  specifications  should  state  whether  the  capacity  is 
to  be  just  ample  to  do  the  work,  or  whether  there  is  to  be  a  reserve- 
capacity,  with  reserve-units,  to  provide  against  interference  with  the 
service  in  case  of  accident  to  a  pump  or  tank,  or  for  future  elevators; 
but  the  sizes  and  design  should  be  left  to  the  judgment  of  a  responsible 
elevator-contractor. 

(19)  Foundations  for  the  machine,  whether  they  are  to  be  provided  by  the 

purchaser  or  by  the  contractor. 

(20)  Miscellaneous.    Gratings  underneath  the  overhead  work,  pitpans,  paint- 

ing in  addition  to  the  standard  factory-finish  and  all  items  not  men- 
tioned above  are  generally  furnished  by  the  purchaser  under  separate 
contracts,  but  this  should  be  clearly  set  forth  in  the  devator-spedfi- 
cations. 

Safety-Devites  for  Elevatort.  (See,  also,  page  X593-)  The  question  of 
safety-devices  cannot  be  too  carefully  considered  for  sUl  elevators,  and  for 
passenger-elevators  in  particular  only  the  best  and  most  thoroughly  tested 
apparatus  should  be  installed.  Each  car  should  be  equipped  with  the  me- 
chanical device  designed  to' grip  the  rails  and  stop  the  car  in  case  it  exceeds  a 
predetermined  maximum  descending-speed,  either  from  breaking  of  the  cables 
or  from  any  other  causes.  This  safety-device  should  be  mounted  upon  the 
car-frame  beneath  the  platform,  and  should  be  operated  by  means  of  a  speed- 
governor  located  overhead.  For  speeds  above  150  ft  per  min,  this  grif^ng  of 
the  rails  should  be  done  gradually.  In  New  York  City  the  instantaneous  stop- 
ping  is  not  allowed  above  a  speed  of  too  ft  per  min.  A  switch  for  emergency- 
use  should  be  placed  in  the  car  of  electric  elevators.  The  opening  of  this 
switch  should  stop  the  car  immediately  and  mdependently  of  the  regular  oper- 
ating-device. All  electric  elevator-machines  should  be  equipped  with  an  electric 
brake.    This  brake  should  be  automatically  applied  when^the  car  ttopi  or  when 
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the  current-supply  is  interrupted.  The  brake  should  be  released  electrically  and 
applied  by  means  of  spring-pressure.  Automatic  limits  should  be  placed  at 
the  top  and  bottom  of  the  hoistway,  to  automatically  slow  down  and  stop  the 
car  at  the  Umits  of  travel,  independently  of  the  operator. 

Gearleu  Traction-Slevators.*  Among  the  more  recent  developments  of 
the  elevator  mdustry  is  the  electric,  gearless,  traction-elevator  (Figs.  1  and  2). 
(See,  also,  Fig.  5.)  The  designing  of  an  efficient  slow- 
speed  motor  made  it  practical  to  build  a  traction-machine 
with  the  driving-sheave  mounted  directly  upon  the  arma- 

ture-shaft,  thus  eliminating  the  ifte  of 

>^**X^  gears  to  reduce  to  the  desired  car- 
/  2)riTW  \  speed.  This  gearless  machine  is  used 
I    BhMT«  ^^^  speeds  from  250  ft  per  min  and 

above.  The  manufacturers  of  this 
^"^^^ma^R  type  of  machine  claim  that  it  is  the 
\  /        outcome  of  a  general  tendency  toward 

L/^^V/         simplicity  in  design  with  efficiency  in 
f  idkr^         operation.    The  machines  are  gener- 
V^^^         ally  located  over  the  hatchway.    The 
^*"'^^  car  is  supported  by  cables  which  lead 

from  the  car  directly  over  the  driving- 
sheave,  with  overhead  installation, 
then  partially  around  the  auxiliary 
idler  or  leading-sheave  and  again  over 
the  driving-sheave  to  the  counter- 
weight. With  this  arrangement  a 
complete  turn  around  the  driving- 
sheave  and  the  idler-sheave  is  ob- 
tained, giving  sufficient  tractive  effort 
to  drive  the  car.  The  machine  being 
placed  overhead,  the  cables  can  lead 
directly  to  the  car  and  counter- 
weights; and  as  this  allows  the  cables 

direction,  it  is  claimed  by  the  manufacturers  that 


/ 


Fig. 


1.    Roping  for 
to  I    Traction- 
machine 


2.    Roping  for 
3  to    I  Traction- 
machine 
weights;  and  as  this  allows  the  cables 
to  bend  in   the 

it  is  an  advantage  and  that  the  life  of  the  cables  is  appreciably  lengthened. 
Special  hitches  are  used  for  connections  to  the  car  and  counterweight  to 
counteract  the  twisting  effort  due  to  the  reaving  of  the  cables.  As  soon 
as  either  the  car  or  coimterweight  is  obstructed,  the  tension  in  the  cables  is 
decreased  and  consequenUy  the  tractive  effort  reduced.  This  arrangement, 
it  is  claimed,  brings  either  the  car  or  counterweight  to  rest  and  prevents 
running  by  the  limits  of  travel,  and  into  the  overhead  beams,  should  either 
member  land  on  ^thc  buffers  at  the  bottom  of  the  shaft.  Underneath  both  car 
and  counterweight  are  placed  oil-buffers  designed  to  bring  the  car  or  counter-^ 
weight  to  rest  at  the  limits  of  travel,  from  full  speed.  At  the  top  and  bottom 
of  the  hatchway  the  car  is  stopped  automatically  by  a  series  of  electric  switches. 
The  operation  of  these  switches  is  so  timed  that  the  car  is  brought  to  a  smooth 
and  gradual  stop.  The  slow-speed  shunt-motor,  with  its  control,  makes  a  flex- 
ible system.  The  acceleration  and  retardation  may  be  arranged  to  suit  the 
particular  service-requirements.  For  speeds  below  450  ft  per  min,  it  is  the  prac- 
tice to  obtain  the  slow  speed  by  passing  the  cables  around  sheaves  mounted  in 

*  For  full  and  valuable  data  relating  to  the  relative  advantages  of  the  helical-gear 
elevators  as  compared  with  those  of  the  traction-type,  see  papers  published  by  the  H.  J. 
Reedy  Company,  Cincinnati,  Ohk>,  and  others  advocating  the  geared  machines.    Editor. 
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the  crOsB-hMd  of  tbe  car  and  of  the  counterweiKht,  and  anchoring  the  ends  of 
the  caUeB  at  the  top. of  the  hoistway.  These  sheaves,  with  their  bail  bearings, 
are  specially  made  to  withstand  the  heavy  service  to  which  they  are  subjected. 
In  addition  to  the  above  details^  elevators  of  this  type  should  be  provided  with 
all  of  the  regular  safety-devices  used  with  passenger-elevators. 

Eltctrk  Elevators  with  Puak«-Btttto&  Control.  One  of  the  most  ingcaious 
and  serviceable  deveiopmsnts  in  the  elevator-industry  is  that  of  the  automatic 
electric  elevator  with  push-4iuttOn  contioL  In  New  York  City  this  type  of 
elevator  is  permitted  only  in  residences^  but  in  other  cities  it  is  used  in  apart- 
ments, hospitals,  and  other  places  where  the  service  is  very  light  and  intermittent, 
and  it  is  desired  to  dispense  with  an  attendant.  In  the  design  of  these  elevators 
it  has  been  the  aim  to  provide  all  safety^^ievicai  and  ^pliances  to  make  the  in- 
stallation absolutely  safe,  so  that  the  elevabora  may  be  operated  even  by  a  child 
alone,  without  danger.  In  each  story  is  located  a  button,  similar  in  appearance 
to  the  ordinary  signal-buttDn«  and  the  pasaedger,  by  pressing  this,  may  call  the 
car,  if  it  is  unoccupied  or  not  in  (ue»  to  any  stoiy.  Tbe  car  comes  to  the  story 
at  which  it  is  required»  and  stops  automatically.  When  it  comes  to  rest  in  this 
story,  the  entrance-door  to  the  hoistway  is  automatically  unlockod,  and  it  is 
then  pofiiible  for  the  passenger  to  open  tbe  door  and  the  car-gate,  and  enter  the 


X.,-. 


Fig.  8.    Standard  Hatchway  and  Car-    Fig.  4.    Standard  Hatchway  and  Car- 
platiorai.    Side^uides  plaifora. 


car.  The  hoistway^gates  and  the  car-gate  afe  so  arranged  that  the  macMne  is 
inoperative  until  both  are  tightly  cloaed.  The  hoistway-doors  can  be  opened 
from  a  hall,  only  when  the  car  is  at  the  landing  of  that  particular  hall.  In  the 
car  is  a  bank  of  buttons  corresponding  to  the  various  stories  served,  and  also 
a  stop-button  or  emergency-button.  After  entering  the  car,  and  dosing  tbe 
hatchway-door  and  the  car^atc,  the  passenger  can  push  the  button  In  the 
car  corresponding  to  the  story  to  which  he  desires  to  go.  The  car  win  proceed 
to  the  designated  story  and  stop  automatically.  Should  the  passenger  desire, 
for  any  reason,  to  stop  the  car  at  any  point  of  its  travel,  he  can  do  so  by  pushing 
the  stop  or  emergency-button.  The  car  is  in  the  complete  control  of  rtie  pas- 
senger, as,  after  the  initial  operation  of  calling  or  sending  it  to  a  landing,  its 
further  operation  cannot  be  interfered  with  unril  after  both  the  hatchway-door 
and  the  car-gate  are  opened  and  dosed.  This  means  that  no  other  penon  can 
call  the  car  until  after  the  passenger  has  reached  the  desired  landing,  left  the 
car,  and  closed  the  gate  and  door.  In  some  equipments  for  elevators  of  this  type, 
the  device  for  releasing  the  door-lock  js  prevented  from  operating  while  the  car 
^s  ia  motion.    ITiis  is  a  very  desirable  aafety-feature^  as  otherwise  each  lock 
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Is  temporarily  released  as  the  car  passes  up  or  down  the  hoistway,  and  a  person 
on  a  landing  can  open  the  door  during  the  momentary  period  that  it  Is  unlocked. 
I  n  aome  cases  the  gate  on  the  car  is  omitted;  but  this  b  a  very  dangerous  prac- 
tice and  should  not  be  permitted.  Elevators  of  this  type  are  designed  lor  oper^ 
ation  with  direct  current  or  alternating  current,  anid  single  or  multiphase 
circuits.  Single  phase  should  be  avoided,  if  possible,  and  before  deciding  upon 
this  type  of  current,  the  consent  of  the  electric  power  company  should  be  ob- 
tained for  pladng  upon  their  lines  a  motor  with  the  heavy  inrush  of  current 
required  at  starting. 

Standard  Relationa  of  Hatchway,  Platform  and  Car-Sizet.  (See,  also, 
pAge  1 595-)  In  Figs.  3  and  4  are  shown  some  typical  elevator  layouts  for 
electric  installations,  with  side  and  comer-posts  and  steel  construction.  (See, 
also.  Fig.  7.)  The  clearances  shown  are  for  elevators  traveling  at  a  speed  of 
450  ft  per  min  or  more,  and  may  be  reduced  about  iV^  in  for  elevators  of  slower 
speed.  Some  of  the  minimum  dimensions  given  with  Figs.  3  and  4  vary  slightly 
from  those  given  with  Fig.  7  and  in  Table  D,  page  159Q,  but  agree  in  the  essen- 
tial requirements. 

B.  Electric,  Passenger-Elevator  Systems* 

EleTStor-Development.  The  object  in  view  in  presenting  this  material  is 
not  to  discuss  all  the  details  of  elevator-construction  or  the  mechanical  features, 
but  to  outline  the  results  of  a  study  in  connection  with  the  economic  division  of 
passenger-elevators  and  an  efficient  elevator-service  for  the  trsCffic  of  the  modern 
commercial  or  distinct  type  of  office-building.  The  requirement  of  such  build- 
ings is  a  very  ample  and  adequate  elevator-service,  not  only  because  the  mon- 
etary value  of  the  building  may  otherwise  be  affected,  but  in  time  of  necessity, 
as  during  a  fire  or  other  panic,  the  occupants  must  be  readily  brought  to  safety. 
During  the  early  development  of  the  sky-scraper  the  necessity  for  a  proper 
elevator-service  was  partly  overlooked,  and  perhaps  not  altogether  realised,  for 
some  of  the  older  buildings  suffer  from  a  lack  of  traveling-facilities,  resulting 
in  an  inconvenience  to  the  many  occupants.  The  tenants  of  the  upper  stories 
are  therefore  obliged  to  wait  on  the  up  trip  of  the  elevator,  and  the  people  occu- 
pying the  lower  portion  of  the  building  are  left  behind  on  the  down  trip. 

The  Extensive  Use  of  Elevators.  To  fully  indicate  the  extensive  use  to 
which  the  elevator  has  been  adopted  for  passenger  traffic  in  large  cities,  the  in- 
stance of  the  Borough  of  Manhattan  of  New  York  City  is  given.  There  were 
in  1914  about  xo  000  machines  in  service,  twice  the  number  that  were  in  oper- 
ation in  1904,  and  these  were  divided  among  the  different  classes  of  buildings 
approximately  as  follows: 

5  000  elevators  in  ofiSce-buildings  over  xo  stories  high. 
I  500  elevators  in  office-buildings  under  10  stories  high. 
500  elevators  in  loft-buildings. 
700  elevators  in  residences. 
800  elevators  in  apartment-houses. 
500  elevators  in  department  and  other  stores, 
X  000  elevators  in  hotels  dubs^  institutions^  etc. 

*  The  matter  in  Section  B  of  this  article  oq  Elevaton  is,  hy  permission,  condensed 
and  adapUd  from  data  conUined  In  papers  by  M.  W.  Ehrlich,  consulting  engineer.  The 
papetB  6nt  appeared  in  the  April,  May  and  June,  x9t4»  Imum  of  Electrical  Engiateriog, 
and  afterwards  were  published  in  condensed  form  to  Lefax,  by  the  Standard  Corpora- 
tion of  Philadelphia.  Section  B  includes  a  brief  outline  of  elevator-devtlopmeat,  some 
economic  considerations  and  some  Installation-data,  and  the  paragraphs  of  this  Section 
should  be  read  in  coonectlon  with  those  of  Section  A,  page  1560,  and  thed^ta  coomared. 
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Besides  these  passenger-cars,  the  buildings  requiring  freight-service  involved 
an  additional  lo  ooo  machines. 

Two  Common  T]rpet  of  Elevators.  In  modem  elevator-practice  there 
are  but  two  common  tjrpes  of  successful  machines  in  use,  the  h3rdrauUc  and  elec- 
tric elevators.    These  may  both  be  subdivided  in  the  classification  according 


QEARLESS.TRACTION.ELECTRIC 

OVERHEAO-ORrVE 


Driving  SbMV* 


WORM-GEAR.  ELECTRIC 

BASEMENT- D«VE 


/^->v 


r\ 


i&rg«-Taak 

VERTICAL  CYLINDER.HYDRAULIC  OiRECT-ACTlNG,PLUNGER 

Fig.  5.    Some  Types  and  Varieties  of  Elevaton 

to  the  mode  of  drive  or  operation  and  the  transmission  of  power,  thereby  showing 
an  apparent  variety  of  elevators.  The  machine  of  the  hjrdraulic  type  may  be 
of  the  vertical-cylinder  pattern  or  of  the  plunger-tjrpe,  while  the  electrical  appa- 
ratus may  be  of  the  drum,  worm-gear  or  gearless  traction-tjrpe.  Some  of  the 
types  and  varieties  are  illustrated  in  Fig.  5.  (See,  also,  Figs.  1  and  2,  page  1535. 
and  general  classification  on  page  1579.) 

A  Short  Historical  Account  of  the  Development  of  the  Commercial 
Passenger-Elevator  brings  one  back  a  little  more  than  half  a  century  to  tb« 
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intrcxiuction  of  the  first  steam-elevatok.  This  fonn  of  drive  was  soon  replaced 
by  the  water>balance  type  of  hydraulic  elevator,  which,  even  though  a  faster 
machine,  proved  to  be,  in  operation,  quite  dangerous.  For  a  number  of  years 
this  type  enjoyed  the  distinction  of  bdng  the  only  high-speed  apparatus  until 
the  advent  of  the  vertical-cylinder  hydrauuc  elevator,  about  twenty 
years  later.  Running-speeds  as  high  as  400  ft  per  min  were  readily  attained, 
and  on  account  of  the  ease  in  handling  and  the  safety  in  operation,  these  ele- 
vators soon  gained  favor  and  were  the  only  types  of  machines  installed  in  the 
then  tall  buildings.  The  electric  drum-machine  made  its  first  appearance  in 
New  York  during  the  year  x.889,  and  owing  to  the  merits  of  this  new  system, 
the  electric  machine  soon  established  itself  as  a  successful  competitor  with  th^ 
hydraulic  type.  The  only  obstacle  remaming  was  to  overcome  the  slower 
speed,  and  this  brought  out  the  Sprague  long-screw  electric  elevator. 
Elevators  of  this  type  proved  quite  costly  to  maintain  and  operate,  but  on 
account  of  their  possibilities  of  speed  and  high  rise,  were  installed  in  several 
tall  structures.  These  different  types  of  elevators  helped  considerably  in  the 
development  of  the  sky-scraper  buildings,  and  as  further  building  projects 
brought  on  an  extension  in  height,  a  hitherto  unknown  condition  of  passenger- 
elevator  service  had  to  be  met.  About  the  year  1900  the  direct- acting 
PL17NGER  hydrauuc  ELEVATOR  was  introduced  to  fulfil  this  increasing  demand 
of  continued  high  rise  with  high  speed.  The  inherent  safety  in  operation  and 
the  relatively  high  economy  allowed  for  no  doubt  as  to  the  possibilities  of  the 
PLUNGER,  but  after  several  years,  experience  pointed  out  that  the  advantages 
of  the  hydraulic  plunger-elevator  were  somewhat  limited  in  certam  directions, 
and  only  under  conditions  of  a  rise  not  exceeding  150  ft  could  the  character- 
istics of  the  safe  and  economical  plunger-elevator  be  maintained. 

TraetioA  and  Geared  Sleratort.  (Sec,  abo,  page  1579-)  Recent  experi- 
ments conducted  to  perfect  an  electric  elevator  that  would  meet  the  growing 
requirements  of  heavy  passenger  traffic  in  the  newest  form  of  tall  office-build- 
ings have  resulted  in  the  production  of  what  is  now  commercially  known  as  the 
ONE-TO-ONE,  or  GEARLESS  TRACTION-ELEVATOR.  Among  the  earliest  New  York 
installations  of  this  type  of  electric  elevator  may  be  named  those  in  the  Singer 
Building  and  Tower,  and  later  those  in  the  Metropolitan  Building  and  Tower, 
while  the  latest  developments  include  the  Woolworth  and  the  Equitable  Build- 
ings. The  ai^Niratus  used  in  the  Municipal  Building  is  one  in  which  the 
machines  are  an  adaptation  of  the  usual  double-worm-and-gear  drive  between 
a  relatively  high-^ieed  motor  and  a  cable-dnmi,  a  double  set  of  intermeshing 
spur-gears  being  employed  between  the  two  gear-shafts.  In  summarizing,  it 
might  be  well  to  mention  that  the  commercial  or  useful  life  of  an  elevator  and 
its  combined  mechanisms  seldom  exceeds  fifteen  years,  and  that  where  remod- 
eling has  been  resorted  to,  the  electric  drum  and  worm-gear  traction  have 
usually  been  substituted  for  the  hydraulic  type  in  buildings  not  exceeding 
from  twelve  to  sixteen  stories  in  height;  and  that  in  higher  structures  the 
gearless  traction-elevator  or  its  modification  in  the  form  of  an  electric  two- 
TO-ONE  TRAcnoN-ELEVATOR  has  been  resorted  to. 

Safety  of  Blaetric  and  HydranUc  EleTatora.  (See  page  15S4.)  It  is 
true,  however,  that  both  the  electric  and  hydraulic  types  of  elevators  have 
been  perfected  to  a  state  of  high  efficiency,  and  they  may,  therefore,  be  used 
with  entire  safety.  Of  the  hydraulic  types  it  may  be  said  that  the  plunger- 
elevators  are  inherently  safer  than  those  which  are  suspended,  or  than  even  the 
more  modem  electric  traction-elevators;  but  it  cannot  be  denied  that  the  many 
refinements  and  improved  appliances  attached  to  elevators  of  the  various  electric 
types  have  made  the  latter  as  reliable  as  hydraulic  machines  designed  according 
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to  bMt  pfftctice.  It  is  claimed  that  the  electric  traction-elevator  is  relatively 
free  from  the  element  of  danger  because  of  the  imiiroved  methods  of  poWer> 
transmission  and  the  peculiar  form  of  windings  used  for  the  drive. 

Comimriton  of  Merits  of  Bleetric,  Traction,  and  HydratiUc  Plttngsr- 
Sletfttors.  In  nartDwfng  down  the  question  as  to  the  merits  of  the  blIdctkic 
iftAcnoN-BLEVAtOR  and  of  the  mayHAVUc  pLtmoeit-SLEvAtoa  for  passenger- 
service  !n  tall  office-buildings  of  to-day,  It  might  be  well  to  note  that  the  new 
elevator-installations,  almost  without  exception,  have  favored  the  dectric. 
Not  only  is  the  cost  of  installing  the  traction-machine  from  35  to  35%  less  than 
that  of  the  plunger-type,  but  the  room  occupied  by  the  driving*machinefy  is 
reduced  to  a  minimum,  and,  as  a  matter  of  fact,  may  be  placed  at  the  head  and 
directly  over  the  elevator-shaft.  If  no  local  supply  of  electricity  is  available  on 
the  premises,  the  public  source  may  be  resorted  to.  The  difficulty  with  the 
plunger-elevator  for  high-rise,  high-speed  work  lies  in  the  requirement  for  mov- 
ing the  mass  of  water  and  the  massive  plunger  proper,  and  as  this  immense 
weight  cannot  be  readily  and  smoothly  stopped,  the  result  is  a  sluggishness  in 
starting  and  stopping.  At  any  rate,  it  remains  an  open  question  as  to  whether 
the  economic  values  attached  to  modem  buildings  would  favor  the  installation 
of  the  plunger-elevator,  with  its  accompanying  pumping-plant,  which  neces- 
sarily occupies  considerable  floor-space.  The  choice,  therefore,  would  tend  to 
favor  the  mcH-itiSK,  bigh-spked  electric  tRAcnoN-sutvAioft  for  pasaenger- 
servlce.  (See,  also,  paragraph  on  Electric  Versus  Hydraulic  Elevators^  page 
1580.) 


Table  A.    Helative  Operating-Coats  of  Xlevatocs 


Costs 


Per  cent  of  rentals 
Cents  per  caMnile . 
Dollars  per  car  per 

annum 

Par  cent  of  all  opei^ 

ating-oosts 


OflUcft-bitildmg 
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19 

860 
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6.2 
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8x0 

14.0 


A«aftanftt4ioiDse ! 


6.8 
20 

s6o 

ia.6 


6.0 


5x0 

12. 0 


5  5 
17 


5  3 

16     i 


10  6 


Relatiye  Operating-Costs  of  Kletrators.  The  figures  given  in  Table  A 
may  prove  of  interest  in  pointing  out  the  relatively  higher  operating-costs  of  the 
different  electric  types  over  the  vertical-cylinder  ayoraulic  and  plctnoer- 
ELEVATORS.  The  values  given  represent  only  the  cost  of  Ubor,  power,  repairs 
and  supplies.  By  a  close  perusal  of  the  amounts  listed,  it  will  be  confirmed 
that  the  economies  of  the  plunger  cannot  be  utilized  beneficially  in  tall  office- 
buildings,  cm  account  of  the  machanical  difficulties,  and  in  «ithsr  types  of  soaaller 
buildings,  allowing  for  a  low  rise,  the  installation  cost  becomes  exorbitant.  If 
the  relatively  high  first  cost  of  this  type  of  machine  were  taken  into  considera- 
tion, with  an  addition  for  the  extra  cost  in  building-constructioD  necessary  for 
the  space  occupied  by  the  pump  and  tank^equipment,  the  total  expenditure  on 
the  whole  would  show  no  great  favor  either  way.  In  explaining  ths  values 
given  in  Table  A,  it  shoukl  be  understood  that  the  figures  are  computed  on  a 
bads  of  actual  records  of  several  buildings  that  have  been  brought  to  the  writer's 
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notice.  The  geDeral  method  of  comparing  records  in  business  buildings  is  to 
compare  the  costs  with  the  total  annual  income  or  rental.  The  total  oper- 
ating-costs include  the  expense  in  the  mechanical,  electrical  and  building 
departments,  covering  all  costs  of  labor  and  material  for  the  maintenance  of  the 
different  divisions  of  service.  Therefore  the  annual  cost  of  operating  an  ele- 
vator-system is  given  as  a  percentage  of  the  gross  rentals  received,  and  is 
further  stated  as  a  percentage  of  the  total  operating-expenditure  of  the  build- 
ings under  consideration.  The  average  cost  in  cents  per  car-mile  traversed  is 
also  given,  together  with  the  average  annual  cost  in  dollars  to  pay  for  the 
labor  of  operating  and  repairing,  the  necessary  power,  and  the  material  and 
supplies  required  per  single  elevator. 

Economic  Considerations.  The  efficient  operation  of  an  elevator-system 
does  not  rest  altogether  on  the  economic  division  and  disposition  of  the  cars,  as 
the  human  element  becomes  one  of  the  main  factors.  It  is  self-evident,  there- 
fore, that  the  service  of  an  elevator  is  limited  not  only  by  the  different  classes  of 
passengers  entering,  riding  and  leaving  the  conveyance,  but  by  the  experience 
of  the  hallman  or  starter  and  hb  ability  to  understand  the  demands  of  the 
traffic  and  the  personal  peculiarities  of  the  elevator-operators. 

Time-Schedules.  It  is  now  common  practice  to  dispatch  the  various  ma^ 
chines  of  an  elevator-^stem  on  a  predetermined  time-schedule,  thus  avoiding 
to  a  great  extent  a^y  confusion  or  overcrowding  that  would  otherwise  arise. 
It  has  been  well  established  that  the  travel  of  elevators  under  conaecutlve-trip 
schedule-operation  allows  for  a  highly  efficient  service,  not  only  in  the  handling 
of  the  traffic,  but  in  the  demand  for  power,  which  is  therd)y  reduced  to  a  min- 
imum. 


(.a)  Operation  of  one  car 
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Fig.  «. 


Scale  of  Time  tn  Seconds  per  Bound  Trip 
(b)  Operation  of  a  bank  of  cleyators 
Recorded  Current-consumption  of  GearUas  Thbction^kvatofs 


Power-Diagrams.  The  Power-diagrams  (Fig.  6)  point  to  the  effect  of  a 
poor  and  a  proper  service  under  different  conditions*  The  upper  curve  (a)  was 
taken  under  test-conditions  and  represents  the  operation  of  one  elevator.  The 
load  in  the  single  car  is  approximately  equal  to  the  designed  machine-balance, 
both  on  the  up  and  down  trips,  and  the  nimiber  of  stops  corresponds  to  the 
average  per  car  per  mile  under  actual  service  in  office-buildings.  Thb  diagram 
is  given  mainly  to  allow  for  a  proper  understanding  of  the  combined  curve  (b), 
showing  the  actual  round-trip  operation  of  a  bank  of  elevators  in  one  of  the  New 
York  sky-scraper  buildings  at  an  eariy-moming  hour.  The  full  or  solid-line 
curve  shows  an  excessive  power-demand  due  to  an  inconsistent  schedxtle,  the 
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cars  having  been  dispatched  by  a  starter  who  may  be  identified  as  X,  whfle  the 
dotted  or  broken-line  curve  shows  the  more  expert  handling  under  the  consecutive 
trips  by  starter  K,  the  same  operators  running  the  cars  in  each  case. 

Safety-AppUancet.  (See,  also,  page  1584)  '^o  minimiy^  the  many  acci- 
dents in  elevator-practice,  a  safety-lock  is  recommended,  so  attached  that  it 
will  not  permit  the  elevator  to  leave  a  landing  until  the  gate  has  been  locked 
Accidents  are  seldom,  if  ever,  due  to  the  faulty  behavior  of  the  elevator  proper, 
but  sometimes  the  breaking  of  suspension-ropes,  as  recorded  by  a  relatively  few 
cases,  will  result  in  a  serious  accident.  The  most  frequent  cause  of  accidents 
connected  with  the  operation  of  elevators,  is  that  due  directly  to  the  ne;g]i- 
gence  of  the  operator  in  handling  the  doors  or  elevator-gates,  and  this  may  be 
avoided  by  the  installation  of  the  safety-locks  above  reconunended.  So  far 
as  has  been  practically  demonstrated,  many  of  the  safety-appliances  on  the 
older  installations  designed  to  stop  a  falling  elevator  have  usually  failed  to  act; 
but  the  improved  wedge-type  of  jaw-sapety,  actuated  by  a  speei>-co\'eiinoi 
and  attached  to  the  more  recent  installations,  usually  acts  when  the  e!e\''aU)r 
exceeds  its  normal  running-speed.  This  generally  occurs  when  the  designed  or 
safe-distance  limit  has  been  passed,  and  the  jar  occasioned  by  the  final  stop{uni^ 
of  the  car  is  not  altogether  a  pleasant  experience.  The  serious  injuries  and 
fatalities  due  to  the  falling  of  an  elevator  are  proportionately  smaU  when  com- 
pared with  the  entire  list,  and  amount  to  about  30%  of  the  total,  whereas  the 
loss  of  life  caused  by  open  and  unlocked  gates  in  elevator-practice  today 
accounts  for  the  remaining  80%.  The  only  safety-device,  therdFore,  that  nuy 
be  called  useful,  as  it  eliminates  the  personal  element,  is  a  sayety-ixx^k.  Of 
the  several  automatic  devices  now  available  for  this  provision  of  safety,  all  de> 
serve  merit;  and  while  some  are  purely  mechanical,  others  are  actuated  elec- 
trically, and  only  by  the  installation  of  such  automatic  locks  will  unnecessar>' 
elevator-acddents  be  avoided. 

Sifnal-Systems.  A  signal-system  is  essential  to  an  efficient  service.  Auto- 
matic electric-light  indicators  at  the  different  landings,  with  a  mechanical 
indicator  on  the  ground-floor  or  street-landing,  will  be  found  highly  efficient 
even  though  not  the  simplest.  Briefly  described,  the  system  is  composed  of  a 
dynamotor  supplying  current  for  the  magnets,  push-buttons  and  lamps.  At 
each  landing  one  or  more  sets  of  push-buttons  are  arranged  for  both  the  up  and 
DOWN  signal,  and  over  each  elevator-gate  two  lamps  of  dififerent  color,  one  over 
another,  to  indicate  the  direction  of  car-travel;  and  each  elevator-car  is  also 
provided  with  a  signal-lamp  and  a  transfer-switch  or  push-button.  A  mechan- 
ical indicator  on  the  main  landing  informs  the  starter  as  to  the  location  of  the 
different  elevators,  and  thereby  aids  him  in  exercising  full  discretion  as  to  when 
to  dispatch  the  next  car.  The  general  system  operates  in  a  manner  approxi- 
mately as  follows:  When  a  push-button  is  pressed  for  either  direction  in  any 
story,  it  actuates  a  magnet  corresponding  to  that  story,  which  in  turn  signals 
to  the  operator  in  any  approaching  car,  thereby  indicating  a  waiting  passenger: 
and,  according  to  the  movement  of  the  elevator,  further  contact  is  made  with 
the  outside  signal-lamps  at  that  story  showing  to  the  waiting  person  the  car 
approaching  that  floor.  In  a  properly  proportioned  elevator-system  the  trans- 
fer-switch is  seldom  used,  but  in  buildings  in  which  the  travel  becomes  overtaxed 
during  the  rush-hours,  and  when  an  approaching  car  is  fiDed  to  its  capacity, 
the  operator  may  press  the  transfer-button  and  thereby  signal  the  car  foUowirg. 

Trafflc-Ctpacity  of  Elevators.  The  TiiAmc<APACiTy  of  an  elevator,  cr 
its  passenger  accommodations  must  necessarily  be  of  such  proportions  as  to 
handle  the  travel  of  the  tenants  of  the  building  and  also  of  their  visitors  and  in- 
sure a  proper  working  schedule.    From  a  study  of  existmg  systems  in  which  the 
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devator-service  is  oonndered  adequate,  it  is  found  that  the  questions  of  build- 
iNG-oocuPAMcy  as  related  to  buildino-arba  and  elevator  TRArFic<:APACiTY 
may  be  combined  into  a  consideration  of  a  proper  xtnit  area  for  the  elevator. 
In  regard  to  the  determination  of  the  maximum  TRAvnc-CAPACiTY  of  a  passenger- 
elevator,  experience  shows  that  an  average  weight  of  140  lb  may  be  allowed  for 
each  passenger,  and  as  each  size  of  car  has  its  corresponding  load  at  the  rated 
speed,  the  total  load  divided  by  140  gives  the  maximum  number  of  passengers  an 
elevator  can  accommodate  at  its  designed  speed.  In  another  simple  computa- 
tion for  this  rcs^lt,  an  allowance  of  2  sq  ft  of  car  is  made  for  each  passenger.  The 
maTimiim  capacity  of  an  elevator  may  be  of  interest  in  computing  the  time  re- 
quired to  empty  a  building  in  case  of  emergency;  but  when  a  car  of  proper  unit 
area  is  installed,  this  condition  is  taken  care  of.  Tests  have  shown  that  the 
AVERAGE  PASSENGER  TRAPFic  of  an  elcvator-system  bears  a  definite  relation  to 
the  TENANCY  of  the  building,  and  to  the  maximum  travel,  the  result  being  that 
expressed  in  Formula  (6). 

Number  of  Elevators.  (See,  also,  page  1581.)  Modem  practice  tends  to 
show  that  the  number  op  elevators  required  for  any  office-building  is  really 
governed  by  the  physical  aspects  and  conditions  of  that  building.  Wherever  it 
is  not  practicable  to  use  a  car  of  large  area,  the  number  required  will  certainly 
be  in  excess  of  that  necessary  when  large  cars  are  used.  It  b  not  advisable, 
therefore,  to  base  any  conclusions  on  the  number  of  cars  to  adequately  satisfy 
a  certain  condition,  unless  the  unit  area  op  tbe  car  is  considered. 

Local  and  Express-Elevators.  Another  important  consideration  is  the 
division  so  common  in  high-class  office-buildings,  namely,  the  proper  service  of 
LOCAL  and  EXPRESS-elevators. 

Formulas  for  Elevator-Service.  The  formulas  given  below  are  well  sub- 
stantiated, and  give  economical  service-conditions  based  on  existing  systems  in 
the  larger  cities  of  the  United  States.  By  these  formulas  the  number  of  eleva- 
tors required,  the  division  of  service,  and  their  operation  may  be  determined. 

E-i4/a4000  (i) 

/-«/2+2  (2) 

Te  -  (25/5  +  s/100)  n  and  r/  -  (25/*  +  Vio)  n  (3) 

Me^2n/7TeandMl'2H/7Tl  (4) 

C«  -  1 1 5  n/ioo  Te  and  a  -  1 15 11/100  H  (5) 

p€  -  30o/r«  and  ^  -  soo/Tl  (6) 

The  notations  in  the  fonnulas  are: 
E  -  number  of  elevators  required 
A  -*  square  feet  of  gross  building-area  served 
/->  story  at  which  express-run  terminates 
fi  >  total  number  of  stories  served 
s  a  speed  of  elevator,  in  feet  per  minute 
Tl  -  local  round-trip  time,  in  minutes 
Te  «  express  round-trip  time,  in  minutes 
Ml "  miles  traveled  per  hour  by  local 
Me  »  miles  traveled  per  hour  by  express 
CI "  current  consumed  per  hour  by  local,  in  kilowatt-hours 
Ce  "  current  consumed  per  hour  'by  express,  in  kilowatt-hours 
pi «  passengers  carried  per  hour  by  local,  one  way,  up  or  down 
pe  »  passengers  carried  per  hour  by  express,  one  way,  up  or  down 

The  figures  in  Table  B  represent  the  average  load  and  speed-combinations 
for  varbus  heights  of  buildings,  together  with  the  usual  area  op  the  elsvator- 
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CAR  consbtent  with  the  aUndard  lizes  numuf actured,  and  should  ba  lued  as  t 
basis  for  sdectiog  the  proper  unit  areas  in  connection  with  Fonnula  (i).  The 
many  factors  entering  into  the  operation  of  an  elevator  would  affect  the  current- 
consumption  to  a  considerable  extent,  as  may  be  seen  in  Fis-  Q.  provionsly  ex- 
phuned.  But  Formula  (5)  agrees  with  modem  service  under  average  operatinc- 
conditions. 


Table  B.    Unit  Area.  Load  and  Spead-ComUaations 


Number 
of  stpries 
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SQft 

Load, 
lb 

Spaed. 
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aooo 
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asotoaso 
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Table  C. 
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7 
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ata5 

sqft 

Can 

at  30 
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Can 

at  40 
sqft 

By 

8 
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16 
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aioooo 
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89 
ni 
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337 
375 
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4 
4 
5 

IZ 

la 

xo 
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10 
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13 
19 
40 

jj 

15 

10 

15 

13 
16 

W 

33 

Number 
of  stories 

8 

9 

10 

« 

xa 

Round  trip  time  in  minutes 

/.  or 

Tl  at  350  ft 
per  min 

Tl  at  590  ft 
per  min 

rcatjooft 
per  min 

r^at^ooft 
per  min 

ezpresa-nir. 
•nstcaie* 

8 
10 
ra 

14 
16 
18 

ao 

1.3 
1.7 
a.o 
34 
3.7 

~ 

a.x 

24 

S.7 
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1.6 
1.8 
8.0 
as 

3  0 

to 

11 

15 

t.8 

a.3 

9  1 
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Installatioii-Data.  In  order  to  facilitate  the  ready  understanding  of  the 
various  formulas  given.  Table  C,  embodying  the  computations,  is  presented. 
The  various  headings  included  are  numbered  in  respective  order  from  x  to  12, 
so  that  an  explanation  of  the  items  considered  will  not  be  confusing.  Under 
column  I  is  listed  the  heights  of  buildings,  with  the  assumed  floor-areas,  extend- 
ing the  full  height  of  the  structure,  given  in  column  2.  In  column  j  are  listed 
the  actual  square  feet  of  car-area  now  provided  in  many  buildings  of  similar 
iloor-qpace  and  with  an  adequate  service.  This  is  intended  as  a  guide  where 
the  consderations  in  planning  tHe  building  have  included  a  means  of  accom- 
modating the  standaid-sized  elevators  most  suitable  for  that  building  and  where 
serious  attention  has  been  given  to  the  disposition  of  the  cars.  But,  on  the 
other  hand,  the  values  Usted  may  also  be  used  to  advantage  in  proportioning 
the  number  of  elevators  required  under  any  conditions,  and  where  the  physi- 
cal aspect  of  the  building  does  not  allow  for  an  economic  disposition  of  the 
elevator^.  Any  conservative  imit  area  best  suited  to  the  conditions  may  then 
be  allotted  for  each  car,  and  the  number  of  elevators  then  determined.  Col- 
umns 4,  5  and  6  give  the  numbers  of  cars  for  various  standard  unit  areas,  while 
the  vahies  in  column  7  are  computed  by  Formula  (i). 

The  Local  and  Exjireas  Round-Trip  Time  for  different  running-speeds 
is  given  in  columns  8,  9,  10  and  x  i  of  Table  C,  and  the  value  for  /  as  given 
in  Formula  (2)  is  given  in  column  12.  It  will  be  noticed  that  in  columns  8 
and  9  the  time  occupied  in  traversing  the  heights  of  buildings  exceeding  eighteen 
stories  isjslightly  more  than  would  actually  prove  economical.  It  m^ht  be  well, 
therefore,  to  point  out  that  the  speeds  of  local  elevators  for  high  buildings  might, 
be  increased  to  advantage;  but  whether  the  service  b  local  or  express,  it  is  not 
advisable  to  exceed  a  speed-rate  of  600  ft  per  min.  In  order  to'  rectify  this  con- 
dition, under  the  speeds  considered,  the  number  of  express-elevators  must  then 
be  more  than  half  the  total  number  in  the  system,  dnd  a  subdivision  of  express- 
service  proper  is  also  necessary.  (See,  also,  Table  Showing  Number  of  Eleva- 
tors Required  and  notes  following,  page  1581.) 

Sizes  of  Hatchways  and  Car-Platfonns.  (See,  also,  page  1581.)  The 
sizes  of  elevator-car  platforms  and  hatchways  of  unit  areas  heretofore  con- 
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sidered  are  shown  in  the  following  diagrams  (Fig.  7)  illusttatirig  three  typical 
forms  of  modem  installations  with  steel  guide-rails.  (See,  also,  Figs.  3  and  4.) 
The  gate  or  door-opening  may  be  either  right-hand  or  left-hand,  as  best  suited 
to  planning,  structural,  or  other  conditions.  The  clear  inside  dimensions  of  the 
necessary  hatchway  are  given,  and  also  the  clearances  required  between  this  and 
the  car.  Some  of  the  minimum  dimensions  given  with  Fig.  7  and  in  Table  D 
vary  slightly  from  those  given  with  Figs.  3  and  4,  page  1586,  but  agree  in  the 
essential  requirements. 
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Table  D.    SizM  of  Blerator-Car  PUtformB  and  HatchwiTs 


Dimensions 

■  ■-       -               1 

Area  of  car-plat/orm 

as  »q  ft 

ft        in 

30sqft 
ft        in 

401Qft     1 

ft        in    1 

FFe» inside  width  of  cftr  -,,,..-., 

6  0 
'4       3 
a       3 

3  9 

7  0 
7        4 
7        3 

4  9 

5  2 

D>«inside  deoth  of  car 

5       9      ' 

0<"8i>ace  for  operator 

a      i     ' 

C^gate^pening 

HVr«hatch-width,  car  A 

Jl          o        ' 

car  B 

carC    

HD^hatchrdeath.  car  A 

car  B 

carC 

1 

100     150    flOO  aOO  400  500  600 

Speed  of  Maciklne. .  Feet  per  Mlziute 
F3f .  8.    Motor^ises  for  EleQtnc  Efevatoff 
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Size  of  Motor.  It  is  often  helpful  to  be  informed  as  to  the  sax  or  motok  le- 
quired  for  an  installation,  and  the  diagram  (Fig.  8)  may  be  used  for  this  purpose. 
For  sake  of  illustration  in  the  use  of  the  diagram,  a  speed  of  400  ft  per  min  is 
assumed,  with  a  combined  load  of  3  500  lb.  Following  the  line  marked  with  an 
arrow  from  the  speed  of  400  ft,  the  point  of  intersection  is  then  at  2  500  lb.  From 
this  point  follow  the  line  as  indicated  to  the  scale  of  motor-sizes,  and  the  result 
is  about  40  horse-power. 

Table  B.    Cvrreiit-Consamption 


Motor«ise 

Starting- 

Running- 
current 

20  horsepower 
40  horae-power 

109  amperes 
aoa  amperes 
293  amperes 

74  amperes 
147  amperes 
2x3  amperes 

Current-Consumption.  Table  £  gives  the  cuRSENT-coNSUiiFnoN  of  motor- 
sizes  common  in  elevator-practice.  The  figures  are  for  direct-current  motors 
operating  at  230  volts  and  are  based  on  the  results  of  tests. 

Electric  Feeders.  To  aid  in  the  selection  of  well-proportioned  electric 
FEEDERS  for  clevator-motors,  Table  F  is  given.  The  figures  are  for  230-volt, 
direct-current  machines. 

Table  F.    Wire  and  Conduit-SizM  for  Blectxlc  Blevators,  a-Wire,  a30-Volt, 
Direct-Current  Systems 


Motor. 
h.p. 

Wire 

Max- 
imum 
run  or 

for  2% 

drop, 

ft 

Conduit 

Size  of  each 
wire 

Under- 
writers * 
carrying 
capacity, 
amperes 

Trade 
size  for 

Inside 
diam- 
eter, 
.      in 

Outside 
diam- 
eter, 
in 

IS 

90 
2S 
30 
35 
40 
45 
30 
55 
60 

No.            3 

No.             I 

No.            0 

No.           00 

No.         000 

No.        0000 

No.        0000 

300000      cm.* 

300000      cm.* 

400  000      cm.* 

80 

100 

xas 

ISO 
X7S 

225 

22s 

275 
375 
335 

154 
174 
186 
198 
212 

336 
326 
348 
348 
273 

3 

3 
3 
3 
3W 

3 

1.38 
1. 61 
1. 61 
3.06 
3.06 
3.06 
3.06 
3.46 
3.46 
3.06 

X.66 
1.90 
X.90 
3.37 
3.37 
3.37 
3.37 
3.87 
3.87 
3.50 

*  Circxilar  mib. 


MAIL-CHUTES 

Genenl  Description.  This  system  of  mailing  letters  by  means  of  a  specially 
constructed  chute  connected  with  the  receiving-box  at  the  bottom,  has  come 
into  such  general  use  in  public  buildings,  office-buildings,  apartment-houses 
and  hotels,  that  the  restrictions  affecting  the  same  and  what  is  required  in  the 
way  of  preparation  should  be  known  to  architects.  The  system  is  installed  by 
the  patentees,  under  regulations  of  the  Post-Office  Department  governing  ita 
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construction  and  location,  and  for  this  reason  it  is  weU  to  consult  the  makers* 
before  permanently  locating  the  apparatus  on  the  plans.  It  may  be  placed  in 
any  building  of  more  than  one  story,  used  by  the  public,  where  there  is  a  free 
delivery  and  collection-service,  in  the  discretion  of  the  local  postmaster,  sobject 
to  vAox  approval  the  contracts  are  made. 

The  Chute  and  Receiving-Box.  The  chute  is  required  to  be  made  with  a 
removable  front  and  a  continuous,  rigid,  vertical  support  is  absolutely  necessaiy. 
It  must  be  of  metal,  its  front  must  be  of  plate  ghiss,  and  it  murt  bear  the  insignia 
prescribed  by  the  department;  and  the  whole  apparatus,  when  erected  and  the 
Government  lock  put  on  the  box,  passes  under  the  exclusive  care  and  control 
of  the  Post-Office  Department,  and  the  chutes  become  a  part  of  the  receiving- 
boxes.  These  boxes  may  be  of  various  patterns  and  highly  ornamented  and  are 
furnished  by  the  makers  in  connection  with  the  chutes.  The  work  of  preparing 
a  rigid  support  for  the  chute  and  cutting  and  finishing  the  openings  in  the  floors 
is  of  the  utmost  importance,  and  details  showing  the  usual  arrangements  are 
always  given. 

Preparatory  Work.  The  requirements  for  what  the  manufacturers  call 
PR^ARATORY  WORK  include  a  flat,  vertical,  continuous  surface  not  less  than 
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Fig.  1.    Wooden  Support  for  Mail-chute 


tJevator-  Scro«n-'>^ 


Fig.  2.    Sted  Support  for  Mail-chute 
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Fig.  3. 


Alternate  Steel  Support  for  Mail- 
chute 


Fig.  4.  Preparatory 
Work  Complete  for 
Mafl-chute 


loH  in  wide,  extending  from  the  floor  of  the  ground-story  to  a  point  4  ft  6  in 
above  the  finished  floor  in  the  top  stoiy,  and  an  opening  in  each  floor  directly 
in  front  of  and  centered  upon  this  surface.  These  openings  are  neatly  finished, 
and  their  size  and  shape  determined  by  setting  in  them  thimbles  of  iron  which 

*  The  Cutler  Mail  Chute  Company,  Rochester,  N.  Y. 
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are  furnished  and  delivered  by  the  patentees,  as  part  of  their  contract.  In 
ordinary  installations  a  casing  of  wood,  suitably  molded  and  finished  to  match 
the  trim  of  the  building,  answers  every  purpose.  Such  a  casing  is  shown  in  plan, 
Fig.  1,  with  the  opening  finished  by  the  iron  thimble.  In  buildings,  or  some> 
times  in  a  few  stories,  where  a  more  elaborate  finish  is  desired,  marble  is  sub* 
stituted  for  wood,  the  form  and  construction  of  the  casing  being  adapted  to  the 
material,  but  of  course  without  disturbing  the  size  and  form  of  the  front  surface. 
Steel  angles  are  used  where  the  use  of  wood  is  objected  to,  or  where  it  is  necessary 
to  run  the  chute  in  front  of  an  elevator-screen,  or  in  other  locations  where  a  solid 
wall  is  not  available  to  support  the  casing.  Steel  square-root  angles,  2  by  2  by 
H  in  in  section,  are  generally  used,  and  set  as  in  Fig.  2,  but  sometimes,  where 
it  is  desirable  to  fill  up  the  space  between  them  and  the  elevator-screen,  they  are 
reversed,  as  in  Fig.  3.  The  angles  are  usually  bolted  to  the  beams,  and  in  any 
case  must  be  straightened  so  that  they  are  without  twists  or  kinks,  and  the  sur- 
face which  receives  the  mail-chute  plumb  and  flush  in  all  stories.  Fig.  4  gives 
a  general  view  of  the  mail-chute  casings  and  fioor-openings  ready  to  receive  the 
chutes  themselves.  This  work  of  preparing  the  building,  except  the  cutting  or 
leaving  ready  the  necessary  openings  in  the  floors,  is  now  usually  included  in  the 
mail-chute  contract,  as  it  has  been  found  for  many  reasons  undesirable  to  sepa- 
rate it.  The  necessary  openings  in  floors,  and  all  patching  around  such  open- 
ings, should  be  included  in  the  mason's  or  other  proper  specifications. 

Essential  Points  to  be  remembered  are  (i)  that  no  bends  or  offsets  can  be 
made,  a  vertical  fall  being  absolutely  essential,  and  (2)  that  the  entire  apparatus 
must  be  exposed  to  view  and  must  be  accessible,  that  is,  it  is  not  permitted  to 
extend  the  work  behind  an  elevator-screen  or  partition  or  through  any  part  of 
the  building  except  a  public  corridor. 

REFRIGERATORS* 

General  Reqtdrements.  The  following  information  is  given  as  a>  guide  to 
architects  in  providing  for  refrigerators  in  large  residences,  hotels,  dubs,  hospitals 
and  other  institutions.  Consultation  with  a  reliable  refrigerator-builder,  how- 
ever, is  always  desirable  before  deciding  upon  spaces  to  be  occupied  by  refriger- 
ators, refrigerating-rooms,  etc.,  as  a  satisfactory  refrigerator  cannot  be  adapted 
to  a  badly  proportioned  space.  (See,  also.  Design  of  Refrigerators,  under 
Mechanical  Refrigeration,  page  161  x.) 

Residence-Refrigerators.  Care  should  be  taken  to  select  a  refrigerator 
which  is  simple  in  operation  and  easily  cleansed,  as  modern  sanitary  science  has 
traced  much  illness  to  faulty  refrigeration.  Thorough  insulation  is  an  important 
feature  in  a  refrigerator,  as  upon  this  depends  economy  in  the  use  of  ice  and  the 
securing  and  maintaining  of  the  low  temperature  necessary  to  the  proper  preser- 
vation of  food.  Fig.  1  shows  a  kitchen-refrigerator  for  use  of  families  of  ordi- 
nary size.  The  ice-compartment  is  located  ia  the  middle  division.  The  depth 
should  not  be  more  than  3  ft  nor  less  than  2  ft,  and  the  height  may  vary  from 
4  ft  6  in  to  7  ft.  The  length  of  the  front  largely  determines  the  capacity  and 
should  range  from  about  4  to  7  ft.  Fig.  1  shows,  also,  a  most  satisfactory  method 
of  accomplishing  the  outside-icing  feature  which  consists  of  a  double  outside 
icing-door  complete, "with  frame  and  jamb.  This  is  provided  by  the  refrigerator- 
builder  to  fit  the  rough  opening  furnished  by  the  owner  in  the  outside  wall  of 

*  Valuable  data  and  the  drawings  relating  to  this  subject  were  furnished  the  author  and 
editor  by  The  Jewett  Refrigerator  Company,  Buffalo,  N.  Y.  Practical  data  were  furnished, 
also,  by  The  Brunswick-Balke-CoUender  Company,  New  York  City.  There  are  numer- 
ous other  reliable  firms  whose  refrigerator*wock  has  tha  highest  reputation. 
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the  building.  With  this  method  a  minimum  outside  opening  is  required  to 
furnish  a  maximum  inside  opening  for  ice.  The  drain-pipes  should  be  as  short 
and  straight  as  possible  and  should  be  readily  detachable  for  cleansing  pur- 
poses. The  drain  should  be  properly  trapped  in  the  floor  of  the  refrigerator  and 
carried  through  the  floor  of  the  building,  discharging  over  the  plumber's  open 

connection  as  shown  in   the 
elevation  of  Fig.  1. 

Fig.  2  shows  a  refrigerator  for 
use  in  a  butler's  pantry  where 
economy  of  space  is  important. 
The  ice-compartment  is  of 
galvanized  steel  throughout 
and  is  removable  for  con- 
venience in  filling  as  it  slides 
on  xoUer-bearing  runways. 
When  the  ice-compartment  is 
•replaced  in  position  the  out- 
side door  closes  over  it.  The 
adjoining  storage-compart- 
ment is  generally  fitted  with 
one  removable  shelf,  below 
which  is  a  bottle-rack  for 
horizontally  placed  bottles  and 
a  space  for  standing  bottles. 
The  depth  should  be  about  2 
ft  and  the  height  2  ft  8  in, 
under  counter-top.  The  length 
of  the  front  determines  the 
capacity,  but  it  should  never 
be  less  than  3  ft.  For  a  double 
refrigerator  with  a  central  ice- 
compartment  and  storage-com- 
partments at  either  side,  s  ft  is 
a  convenient  length.  The  ex- 
terior finish  and  hardware 
should  correspond  with  the 
adjacent  trim.  The  most 
sanitary  and  attractive  interior 
finish  for  storage-compart- 
ments consists  of  white  plate  glass  for  the  walls  and  ceilings  and  tile  for  the 
flooring.  The.  usual  complement  of  refrigerators  for  use  in  ordinary  families 
consist*  of  one  adjacent  to  the  kitchen  and  one  in  the  butler's  pantry.  For 
large  families  the  number  could  be  the  same  with  the  capacity  greater. 

Refrigerators  for  Hotels,  Clubs,  Stc.  Mechanical  refbiceration  has 
largely  superseded  ice  as  a  cooUng-agent  where  the  refrigerator-equipment  con- 
sists (4  several  units,  as  in  hotels,  dubs  and  institutions.  (See,  also,  Mechan- 
ical Refrigeration,  page  161 1.)  The  arrangement  of  refrigerators  is  similar  to 
that  employed  where  ice  is  used,  as  the  refrigerating-coils  ^re  often  contained  in 
compartments  corresponding  to  ice-compartments;  the  alternative  method  b 
to  place  the  coils  against  walls  of  storage-compartments.  Refrigerating-coils 
are  generally  of  iH-in  pipe,  the  length  of  coil  depending  upon  the  temperature 
required.    Fig.  3  shows  a  practical  layout  for  the  working-department  of  a 

*  The  Jewett  Refrigerator  Company. 
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good-sized  club,  and  illustrates  the  proper  complement  of  mechanically  cooled 
refrigerators,  together  with  adjacent  operating-equipment.  No.  x,  a  store-room 
refrigerator,  has  the  front  arranged  in  one  full-height  door  and  is  fitted  with  three 
tiers  of  shelves  throughout.  No.  2,  a  meat-refrigerator,  is  also  accessible  through 
a  full-height  door  and  is  fitted  with  shelves  and  meat-racks.  No,  3,  a  broiler 
and  fish-refrigerator,  has  the  front 
arranged  in  two  doors,  each  door 
opening  onto  a  series  of  six  galvanized 
sheet-steel  pans  sliding  on  self-sus- 
taining roller-bearing  runways.  No. 
4,  a  serving-pantry  refrigerator,  is 
subdivided  by  an  insulated  partition 
into  three  separate  and  distinct  com- 
partments, those  at  the  left  and  right 
being  each  accessible  through  two 
doors,  while  the  middle  compartment 
is  accessible  through  one  door,  below 
which  is  a  series  of  four  drawers 
sliding  on  self-sustaining  roller-bearing 
runways.  The  doors  open  onto  re- 
movable shelves  throughout.  No.  5, 
an  ice-cream  refrigerator,  occupies  a 
position  in  the  serving-pantry  counter 
and  has  the  top  arranged  in  one  lift- 
off cover.  Its  interior  fittings' consbt 
of  three  20-quart  porcelain-lined  ice- 
cream jars  and  one  glac£-frame  for 
fancy  forms  of  ice-cream.  No.  6,  a 
pastry-refrigerator,  has  the  front  ar- 
ranged in  four  doors,  two  upper  doors 
opening  onto  removable  shelving,  and 
two  lower  doors  onto  pastry-pans 
sliding  on  angle-iron  runways.  No. 
7,  a  bar-refrigerator,  is  subdivided  by 
an  insulated  partition  into  two  sepa- 
rate and  distinct  compartments,  each 
accessible  through  four  doors.  The  upper  doors  open  onto  three  tiers  of 
removable  shelves  for  standing  bottles,  while  the  lower  doors  open  onto  five 
tiers  of  racks  arranged  specially  for  horizontal  bottles.  The  equipment 
described  above  will  also  satisfactorily  cover  the  requirements  of  a  moderate-sized 
hotel. 

Refrigerators  for  Hospitals.  The  usual  complement  of  refrigerators  for 
small  hospitals  consists  of  one  large  storage-refrigerator,  one  refrigerator  for 
the  chef's  use  in  or  near  the  kitchen,  one  for  milk  and  butter  and  one  ircm-lined 
chest  for  broken  ice.  For  large  hospitals  the  same  number  with  increased  ca- 
pacity and  with  the  addition  of  small  diet-kitchen  refrigerators,  and  possibly  a 
mortuary-refrigerator  for  two  or  three  bodies,  will  meet  the  requirements. 

The  Height  of  Laige  Refrigerators  for  hotels,  clubs  and  institutions,  to  be 
entered  through  full-height  doors,  should  be  from  10  to  12  ft,  if  equipped  with 
overhead  ice  or  coil-compartments;  with  side  ice-compartments  or  coils  placed 
against  walls,  the  height  should  be  7  ft  6  in  or  8  ft.    The  smaller  refrigerators. 
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accessible  through  half-height  doors,  hinged  covers,  drawers,  etc.,  should  be 
placed  on  a  3-in  sanitary  cement  platform  finished  with  cove  to  floor  of  building. 
These  refrigerators  should  not  be  higher  than  6  ft  6  in  unless  provided  with  over- 
head ice  or  coil-compartments,  in 
which  case  the  height  should  be  from 
8  to  9  ft. 

Insulation.  (See,  also,  The  Value 
of  Good  Insulation,  page  16 10.) 
Refrigerators  in  modem  hotels,  clubs, 
institutions,  etc.,  are  insulated  with 
Government-standard  corkboard,  the 
large  refrigerators  being  constructed 
of  4-in  cork  throughout,  in  two  courses 
of  2  in  thickness,  and  with  all  joints 
broken.  Cork  is  applied  to  adjacent 
walls  of  a  building  with  Portland 
cement,  H  in  thick,  and  this  cement 
is  used,  also,  in  appljring  the  inner 
course  of  cork  to  the  outer  course  in 
walls,  partitions  and  ceilings.  All 
cork  in  the  flooring  is  asphalted 
water-tight.  Interior  finish  may  be 
of  Portland  cement  throughout  or  of 
galvanized  sheets  on  walls  and  ceil- 
ings and  of  Portland  cement  on  floors. 
Or  the  walls  and  ceilings  may  be  of 
f  used-on  porcelain  or  white  plate  glass, 
and  the  floors  of  tile,  all  depending 
upon  the  grade  and  character  of  the 
building  to  be  equipped.  The  in- 
sulation of  smaller  refrigerators  con- 
sists of  (i)  an  exterior  course  of  H-in 
tongued  and  grooved  lumber,  (2)  two 
courses  of  water-proof  insulating- 
paper  and  (3)  a  3-in  thickness  of 
sheet  cork  in  two  x^-in  courses,  all 
joints  being  broken.  To  this  insula- 
tion is  applied  the  interior  lining. 

Mortttary-Refrigerators.  Mor- 
tuary-refrigerators should  be  cooled 
by  mechanical  refrigeration,  the  coils 
being  placed  longitudinally  on  both 
sides  of  the  mortuary-trays.  Fig.  4 
illustrates  a  mortuary-refrigerator  for 
three  bodies.  This  may  be  used  as  a 
unit  in  designing  mortuary-refrigera- 
tors of  larger  capacity,  or  the  height 
may  be  reduced  to  5  ft  and  the 
bodies  placed  in  two  instead  of  three 


Fig.  4.*    Mortuary-refrigerator 


horizontal  tiers.  Mortuary-refrigerators  sometimes  have  both  fronts  finished 
and  equipped  with  doors  so  that  bodies  are  accessible  for  identification  or 
examination  from  both  fronts. 

•  The  Jewett  Refrigerator  Company. 
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MECHANICAL   BEFRIGEBATtON  ^ 

A  Brief  Detcription  of  Methoda  in  Common  Uae  for  Prodiicinc  and 
Applying  Refrigeration,  with  Special  Reference  to  Small  Ptanta 

A  Britiah  Thermal  Uniti  (Btu),  is  the  quantity  of  heat  required  to  raise 
'  the  temperature  of  i  lb  of  water  i*  F.    Heat  used  in  this  way,  that  is,  to  raise 
the  temperature  of  water  or  other  substance,  is  said  to  be  present  in  that  sub- 
stance as  SENSIBLE  HEAT,  or,  in  other  words,  heat,  the  presence  of  which  we  can 
feel,  or  sense. 

The  Heat  of  Liquefaction,  or  so-called  latent  heat  or  uqu£faction 
of  a  mass  of  ice,  is  the  amotmt  of  heat  it  will  absorb  in  melting.  One  pound  of 
ice  at  32°  F.  will  absorb  144  fitu  in  melting  to  water  at  32**  F.  Heat  coming 
into  a  cake  of  ice  is  thus  absorbed  in  melting  the  ice  and  becomes  what  b  known 
as  LATENT  HEAT,  or  heat  absorbed  without  any  rise  in  temperature.  If  the  ice 
is  at  a  lower  temperature  than  32"  F.,  or  if  the  water  resulting  from  the  melting 
rises  above  32"  F.,  additional  beat  will  be  absorbed  as  sensible  heat. 

The  Spedtlc  Heat  of  a  substance  is  the  ratio  of  the  quantity  of  heat  required 
to  raise  the  temperature  of  a  certain  weight  of  the  substance  one  degree  to 
that  required  to  raise  the  same  weight  of  water  from  62*  to  63"  F. 

The  Heat  of  Vaporization  of  water  or  of  any  other  liquid  is  the  amount  of 
heat  it  will  absorb  in  vaporizing,  in  evaporating;  from  a  liquid  to  a  gas,  or  will 
give  out  in  returning  from  the  gaseous  to  the  liquid  state. 

Transfer  of  Heat  occurs  in  three  ways:  (i)  by  convection,  (2)  by  radiation 
and  (3)  by  conduction.  For  instance,  if  particles  of  air  in  a  refrigerator  ad- 
jacent to  a  source  of  heat  become  warmed  they  circulate  and  distribute  the  beat 
•  by  CONVECTION  through  the  refrigerator-box.  Heat  will  pass  from  a  warm  sub- 
stance, as  from  the  filament  of  an  incandescent  lamp,  out  into  the  box  by 
KADiATtON.    Heat  will  enter  the  box  through  the  walls  by  conduction. 

Heat-Transmission.  When  the  temperatures  on  opposite  sides  of  any  sur- 
face, as  for  instance,  a  wall,  are  unequal,  heat  will  pass  by  conduction  through 
the  material  from  the  warmer  to  the  cooler  side.  The  rate  of  this  movement  is 
the  RATE  of  heat-transmlssion  and  is  stated  in  terms  of  the  quantity  of  heat 
called  (Btu)  which  will  pass  through  i  sq  f t  of  surface  in  24  hours,  per  degree 
temperature<li£ference  between  the  two  sides  of  the  wall. 

Some  AdTantages  Claimed  for  Mechanical  Refrigaration. 
(i)  Lower  temperatures  can  be  obtained  with  refrigerating-machines  than 
with  ice. 

(2)  The  inconvenience  of  handling  ice  is  avoided. 

(3)  There  is  no  accumulation  of  slime  in  the  refrigerators  as  from  the 

melting  of  even  the  best  ice. 

(4)  Refrigerators  cooled  mechanically  are  dtytt  than  ice-cooled  boxes 

because  the  moisture  is  frozen  out  of*  the  air  and  deposited  on  the 
cooling  surfaces. 

(5)  There  is  generally  a  better  air-circulation,  resulting  in  a  more  uniform 

temperature  and  dryer  atmosphere  throughout  the  compartment. 

(6)  With  proper  design  of  refrigerator  and  reftigerating-machine  any  de- 

sired temperature  can  be  obtained. 

(7)  Refrigeration  produced  mechanically  is  often  cheaper  than  refrigeration 

produced  by  melting  ice.    (See  page  1615.) 

*  Compiled  and  adapted,  by  permiasioa,  from  data  included  in  a  paper  by  R.  F.  Massa. 
,  Refrigerators,  pages  x  599  to  1603. 
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Opermtion  of  Refrigerating-Machiiies.  In  almost  all  methods  of  producing 
cold,  advantage  is  taken  of  the  fact  that  when  a  liquid  evaporates  it  usually  cools 
both  itself  and  its  surrounduigs,  and  changes  into  a  gas  or  vapor.  There  are 
several  liquids  which  are  easily  made  to  evaporate  and  produce  this  cooling 
effect,  and  were  it  not  for  their  cost,  refrigeration  could  be  very  simply  produced 
by  suppl3ring  a  steady  stream  of  the  liquid  and  allowing  the  vapor  or  gas  evapo- 
rated to  escape  into  the  atmosphere.  A  refrigerating-machine  is  practically  an 
apparatus  for  saving  this  gas  which  has  evaporated  and  returning  it  to  its  liquid 
form  to  be  used  over  again.  In  this  process  of  recovery  and  condensation  the 
sas  gives  out  the  heat  which  it  has  previously  absorbed  in  evaporating.  This 
heat  b  carried  away  by  flowing  water,  which,  in  absorbing  the  heat,  rises  in 
temperature. 

Types  of  Refrigerating-MachineB.  In  the  (z)  compression-type  of  re- 
frigerating-machines  the  recovery  of  the  gas  is  effected  by  drawing  it  away  from 
the  point  where  it  has  been  evaporated  and  pumping  it  under  increased  pressure 
into  a  chamber  where  it  gives  out  its  heat  to  the  water-cooled  walls  of  the 
chamber  and  returns  to  the  liquid  state  ready  to  be  used  over  again.  In  the 
(2)  ABSoapnoN-TYPE  of  refrigerating-machines  ammonia  is  generally  used  and 
the  recovery  of  the  gas  is  effected  by  bringing  it  into  contact  with  water  with 
which  it  unites  chemically.  The  solution  thus  formed  is  pumped  into  another 
chamber,  and  heat  is  applied  to  drive  off  the  ammonia-gas  which  is  then  condensed 
under  high  pressure.  It  is  now  ready  to  be  reevaporated  and  reproduce  its  cool- 
ing effect.  In  all  cases  of  large  uruts,  and  in  all  cases  of  either  large  or  small 
units  where  exhaust-steam  is  available  in  sufficient  quantities,  absorption  re- 
frigerating-machines are  very  economical. 

Liquids  Used  in  Refricacmthig-Macliines.  A  number  of  liquids  have  been 
used  in  refrigerating-machines,  the  ones  commonly  employed  being  (i)  am- 
monia, (a)  CARBON  DIOXIDE  and  (3)  SULPHUR  DIOXIDE.  Various  practical 
considerations  determine  which  is  to  be  u^ed  in  any  particular  design  of  machine. 
With  (i)  AMMONIA  the  advantage  is  the  lower  working  pressures,  from  15  to 
300  lb  per  sq  in,  which  are  easy  to  deal  with.  An  advantage  over  carbon  dioxide 
is  that  leaks  are  very  easily  located.  Anunonia-fumes,  however,  are  offensive 
and  sometimes  dangerous  in  case  of  a  break.  With  (2)  carbon  dioxide  the 
advantage  is  hi  its  inoffensive  odor.  Its  disadvantages  are  the  high  pressure  at 
which  it  works,  from  300  to  i  200  lb  per  sq  in,  the  relative  difficulty  of  holding 
these  preaaores  and  of  finding  small  leaks,  owing  to  its  slight  odor  and  chemical 
mactivity.  With  (3)  sulphur  dioxide  the  advantage  is  its  comparatively  low 
working  pressure,  which  is  not  above  75  lb  per  sq  m.  Its  great  disadvantage  is 
that  with  mobture  it  forms  an  add  which  rapidly  corrodes  the  apparatus.  At 
one  time  this  disadvantage  was  fatal,  since  with  the  old-tjrpe  machines,  air  and 
moisture  were  constantly  being  drawn  into  the  ^stem  more  or  less  rapidly  and 
mixed  with  the  sulphur  dioxide.  This  difficulty  has  recently  been  overcome  in 
some  modem  types  of  machines  *  in  which  the  refrigerant  is  hermetically  sealed 
m  the  machine  and  chemical  action,  therefore,  prevented. 

Rating  of  Refrigerating-Madiiaea.  A  i-ton  REPRiGERAnNO-MACHiNE  is  a 
machine  which,  if  operated  for  24  hours,  will  absorb  the  amount  of  heat  which 
X  ton  of  ict  wouki  absorb  in  melting.  If  the  machine  is  operated  a  shorter  time 
per  day,  a  less  amount  of  heat  will  of  course  be  absorbed,  and  in  order  to  main- 
tain the  temperature  during  the  period  when  the  machine  is  not  running,  some 

*  The  Audiffren  Refrigerating-Macbine,  a  small  machine  intended  for  domestic  uses 
and  Bold  by  the  H.  W.  Johns-Manville  Company,  New  York.  There  are  many  other 
reliable  firms  making  refrigerating-machines  of  other  distinct  types,  and  the  architect 
sbouU  look  carefully  into  the  merits  and  daiflu  of  each  when  called  upon  to  specify  them. 
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means  must  be  adopted  for  storing  cold.  (See  paragraph  below.)  Refrigerating 
machines  are  sometimes  rated  in  terms  of  ice-haking  capactty,  that  is,  in  terms 
of  the  amount  of  ice  the  machine  will  ma£e  in  24  hours.  This  b  always  less  than 
the  refrigerating  capacity  because  some  refrigerating  effect  b  required  to  cool 
the  water  down  to  32°  F.  before  the  freezing  can  begin,  and  the  ice  b  usually 
cooled  several  degrees  below  3  2^  F.,  which  requires  a  still  greater  capacity.  There 
is  also  some  flow  of  heat  into  the  apparatus,  lliese  elements  vary  considenibly 
80  that  from  some  points  of  view  ice-making  capacity  might  be  coiosidered  an 
unsatisfactory  method  of  rating  some  refrigerating-machines. 

Applying  the  Cold.  According  to  one  classiflcation  there  are  three  common 
systems  of  applymg  the  cold.  These  arc,  (i)  the  dirrct-expansion  systeii, 
(2)  the  BRINE-SYSTEM  and  (3)  the  cold-air  system. 

(i)  In  the  direct-expansion  system  the  refrigerant  b  evaporated  in  coib 
of  pipe  placed  directly  in  the  room  to  be  cooled. 

(2)  In  the  brine-system  the  refrigerant  is  used  to  cool  brine,  which  b  then 
circulated  through  coils  of  pipe  in  the  room  to  be  cooled. 

(3)  In  the  COLD- AIR  system  a  current  of  air  is  chilled  by  passing  it  over  ooib 
of  pipe  cooled  directly  by  the  evaporating  refrigerant,  or  by  brine,  or  by 
passing  it  through  a  spray  of  cold  brine;  and  this  chilled  air  is  then  passed  into 
the  room  and  circulated  back  to  the  cooling-coils,  the  whole  operation  being 
repeated  indefinitely. 

All  of  these  systems  have  their  advantages  and  disadvantages.  While  the 
brine-system  is  a  little  more  expensive  to  operate  in  large  plants,  the  temper- 
ature b  more  easily  controlled  than  with  the  direct-expansion  sjrstem,  and  in 
practice  in  small  plants  it  is  found  as  economical  in  operation  in  spite  of  its 
theoretical  disadvantage.  Furthermore,  in  case  of  any  breakdown  in  the  ma- 
chine, the  temperature  can  be  held  for  a  time  by  circulating  the  brine  until  it 
becomes  too  warm  to  be  of  use,  whereas  with  direct  expansion  the  temperature 
will  begin  to  rise  immediately  upon  the  stopping  of  the  machine.  The  oold-air 
system  is  not  as  applicable  where  any  drying  of  the  goods  stored  would  be  harm- 
ful and  there  is  some  risk  of  carrying  fire  in  the  air-passages.  It  is  much  used, 
nevertheless,  for  such  service  as  chocolate-dipping  rooms,  ice-cream  hardeoing, 
fur-storages,  etc. 

Storage  of  Cold.  When  temperatures  are  to  be  maintained  wbUe  the  refrig- 
erating-machine  is  shut  down,  cold  must  be  stored.  In  the  brine-system  thb 
b  effected  by  cooling  a  comparatively  large  body  of  brine  which  wanns  slowly 
as  it  is  circulated.  Where  the  brine-circulating  pump  as  well  as  the  madiine 
must  be  stopped,  so-called  pressurb-taKks  may  be  placed  in  the  piping- 
system  in  the  room  being  cooled;  the  mass  of  brine  in  these  tanks  absorbs  the 
heat  and  helps  to  maintain  an  approximately  even  temperature.  Where  the 
direct-expansion  system  is  used,  a  part  of  the  cooling-coils  may  be  immers^  in 
a  tank  of  brine  placed  in  the  room  and  the  remainder  of  the  coils  arranged  for 
the  direct  cooUng  of  the  room.  In  some  places  the  spaces  available  will  not 
permit  the  use  of  brine-storage  tanks.  In  cases  of  this  kind  smaller  tanks  may 
be  used  and  filled  with  water,  or  a  weak  brine  which  will  freexe  at  a  tempera- 
ture a  little  below  32°  F.  Since  i  lb  of  ice  in  melting  will  absorb  144  Btu  and 
I  lb  of  brine  rising  in  temperature,  say  20**,  will  absorb  only  from  14  ^o  16  Btu, 
the  saving  of  space  is  apparent.  It  must  be  absolutely  certain  that  the  refrig- 
erant reaches  the  tank  first  at  the  bottom  and  that  tfa«  air  to  be  cooled  reaches 
it  first  at  the  top  so  that  the  ice  in  forming  shall  not  bulge  or  burst  the  tank. 
If  the  congealing  mass  were  to  freeze  from  the  top  down  the  tank  would  be 
strained  and  finally  leak,  because  of  the  expansion  of  the  ice  in  freezing.  An- 
other fact  to  be  considered  b  that  where  water,  only«  b  frozen,  a  resulting  high 
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temperature  may  be  obtained  in  the  refrigerator,  since  the  brine  must  be 
wanner  than  the  ice  in  order  to  melt  it,  and  the  refrigerator  just  that  much 
wanner,  or  warmer  than  an  ice-cooled  box.  In  calculating  the  proper  sizes  of 
tanks  for  storing  brine,  it  should  be  remembered  that,  usually,  the  period  during 
which  the  machine  is  shut  down  coincides  with  the  period  during  which  the 
demand  for  refrigeration  in  the  box  is  the  least.  The  amount  of  heat  to  be 
absorbed  is  usually  only  that  entering  through  the  insulation,  as  the  doors  are 
shut  and  no  food  is  put  in  or  removed. 

Description  of  Refrigerating-Machines.  As  explained  in  the  preceding 
paragraphs  refrigerating-machines  may  be  divided  generally  into  two  classes, 
(x)  the  COMPRESSION-TYPE  and  (2)  the  absorption-type. 

(i)  The  Compression-Type  of  Refrigerating-Madunes  may  be  subdivided  as 
follows: 

(a)  The  open  type  of  machine,  which  is  made  both  vertical  and  horizontal, 
and  both  single  and  double-acting,  that  is,  compressiiig  the  gas  at  one  end  or 
at  both  ends  of  the  cylinder,  (b)  The  partially  enclosed  type  of  machine,  in 
wiiich  all  the  moving  parts  of  the  copapressor  proper  are  enclosed  within  the  frame 
of  the  compressor,  except  the  fly-wheel  and  the  main  shaft  which  enters  the 
frame  of  the  machine  through  a  stuffing-box.  Such  valves,  also,  as  are  required 
in  the  system  are  exposed,  (c)  The  wholly  enclosed  type  of  machine,*  in  which 
all  of  the  working  parts  are  enclosed  in  a  hermetically  sealed  container. 

(a)  One  advantage  of  the  open  type  of  machine  is  that  any  lack  of  adjustment 
due  to  wear  can  be  readily  corrected;  so  that,  with  proper  attention,  it  gives 
excellent  results.  For  large  installations  this  is  considered  by  many  to  be  a 
most  efficient  type  of  machine. 

(b)  The  enclosed  type  of  machine  resulted  from  the  effort  to  reduce  the  amount 
of  attention  required  by  the  open  machine,  to  cheapen  its  construction  and  to 
reduce  the  possibility  of  trouble  from  inexpert  tampering.  An  objection. to 
machines  of  this  type  is  that  when  adjustments  have  to  be  made  the  working 
parts  are  relatively  inaccessible. 

{c)  With  the  wholly  enclosed  type  of  machine  it  is  claimed  that  the  loss  of 
the  refrigerant  is  prevented  by  the  hermetical  sealing  of  the  apparatus,  and  that 
the  working  parts,  being  completely  enclosed,  are  protected  from  deterioration 
due  to  outside  causes  or  tampering. 

*  (s)  The  Absorption-Type  of  Refrigerating-Machines  are  of  two  kinds,  differ- 
ing principally  in  the  proportioning  of  the  parts.  In  the  one  machine  high-pres- 
sure steam  is  used;  in  the  other  the  proportions  are  such  that  low-inessure 
or  exhaust-steam  may  be  used.  Where  exhaust-steam  is  available  machines 
of  this  type  arc  found  to  be  very  economical,  and  this  is  true,  also,  for  all  large 
units  whether  or  not  exhaust-steam  is  used.  FuU  descriptions  of  these  machines 
with  detailed  plans  and  layouts  may  be  obtained  from  the  various  manufacturers. 

Calculations  for  the  Capacity  of  a  Refrigerating-Machine.  Heat  enters 
the  refrigerated  compartments,  (i)  through  the  walls,  (2)  with  warm  goods,  (3) 
by  the  interchange  of  the  outside  air  when  doors  are  opened  and  by  air-leaks, 
since  the  cooled  air  is  the  heavier  and  immediately  flows  out  when  a  door  is 
opened,  (4)  from  lights  or  from  the  heat  of  the  bodies  of  workers,  and  (5) 
from  any  change  of  state  occurring  in  the  goods,  such  as  freezing,  fermenting, 
etc.  In  large  rooms  these  various  sources  of  heat  should  be  analyzed  sepa- 
rately. In  small  refrigerators,  as  in  hotels,  kitchens,  dwellings,  etc.,  a  rough 
rule,  quite  as  accurate  as  a  more  elaborate  analysis,  allows  a  certain  number  of 
Btu  per  cubic  foot  of  refrigerated  space  per  24  hours.    This  amount  varies 

t  Reiened  toon  page  1605.     1       '  .'. 
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with  the  character  and  location  of  the  box,  the  nature  of  its  insulation,  the  tem- 
peratures desired  and  so  on.  It  will  be  seen  that  the  insulation,  while  of  great 
importance,  is  not  by  any  means  the  only  important  factor  in  this  cIass  of 
boxes.  For  domestic  refrigerators  in  which  a  temperature  of  from  35  to  50°  F. 
is  maintained,  300  Btu  per  cu  ft  of  refrigerator  per  24  hours  should  be  allowed. 
For  boxes  in  hotel  or  restaurant-kitchens,  600  Btu,  or  even  900  Btu  in  ex- 
treme cases  and  where  low  temperatures  are  required,  should  be  allowed.  For 
butchers'  coolers  or  large  storage-boxes  in  hotels,  etc.,  from  aoo  to  aso  Btu  per 
cu  ft  per  24  hours  should  be  allowed.  A  check  on  the  above  figures  for  the 
large  type  of  box  is  the  following:  *  "When  the  exact  conditions  under  which 
cold-storage  rooms  are  to  be  operated  are  known,  namely,  the  size  and  shape  of 
the  rooms,  the  quality  of  the  insulation,  the  kind  and  quantity  of  goods  to  be 
handled  per  day  and  the  temperatures  at  which  they  are  received  and  at  which 
they  are  to  be  held,  the  amount  of  refrigeration  required  can  be  estimated  very 
closely  by  the  following  rule:  (i)  Calculate  the  exact  area  of  exposed  surface 
in  the  walls,  floor  and  ceiling  of  the  room  in  square  feet,  multiply  the  total  num- 
ber of  square  feet  by  the  number  given  in  the  table  for  the  required  tempera- 
ture and  divide  the  product  by  288  000.  (2)  Multiply  the  amount  of  goods, 
in  pounds,  to  be  stored  per  day  by  the  number  of  degrees  of  heat  to  be  extracted 
by  the  specific  heat  of  the  goods,  and  divide  by  288  000.  This  will  give  the 
amount  of  refrigeration,  in  tons  per  day,  necessaiy  to  maintain  the  tempera- 
ture required  for  the  goods.  (3)  Add  these  two  amounts  together.  The  total 
will  be  the  amount  of  refrigeration,  in  tons  per  day,  required  to  maintain  the 
temperature  required  for  the  goods  and  for  the  room.  (4)  If  the  goods  arc 
to  be  frozen,  the  latent  heat  of  freezing  shoukl  be  added  to  the  number  of 
Btu  to  be  extracted." 


For  rooms  containing  less  than  1 000  cu  ft 


If  maintained  at  o*  P.  multiply 
If  maintained  at  s*  F.  multiply 
If  maintained  at  10"  P.  multiply 
If  maintained  at  20"  P.  multiply 
If  maintained  at  32*  P.  multiply 
If  maintained  at  36*  P.  multiply 


the  exposed  surface  by  i  77s 
the  exposed  surface  by  7x0 
the  exposed  surface  by  535 
the  exposed  surface  by  355 
the  exposed  surface  by  265 
the  exposed  surface  by    180 


For  rooms  containing  from  x  000  to  xo  aoo  cu  ft 


If  maintained  at  0*  P.  multiply  the  exposed  surface  by  t  250 
If  maintained  at  5"  P.  multiply  the  exposed  surface  by  600 
If  maintained  at  10"  F.  multiply  the  exposed  surface  by  300 
If  maintained  at  20*  P.  multiply  the  exposed  surface  by  190 
If  maintained  at  32*  F.  multiply  the  exposed  surface  by  160 
If  maintained  at  36*  P.  multiply  the  exposed  surtsoe  by    las 


For  rooms  containing  more  than  to  000  cu  ft 


If  maintained  at  o*  P.  multiply  the  exposed  surface  by  x  100 
If  maintained  at  5"  P.  multiply  the  exposed  surface  by  550 
If  maintained  at  10*  P.  multiply  the  exposed  surface  by  275 
If  maintained  at  20*  P.  multiply  the  exposed  surface  by  x8o 
If  maintained  at  32*  P.  multiply  the  exposed  surface  by  140 
If  maintoined  at  36*  P.  multiply  the  exposed  sttrface  by    xio 


*  Takoi  from  Levey's  Refritmtim  Msoonnda,  page  41. 
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With  small  machines  it  is  necessary  to  allow  a  greater  capacity  of  machine 
for  a  given  size  of  box  than  with  large  machines,  since,  with  the  latter,  one  can 
always  throw  a  large  part  of  the  machine-capacity  to  any  given  box  where 
special  need  may  exist;  whereas  to  do  thb  with  the  small  machine  would  almost 
certainly  rob  some  other  box,  if  indeed  there  happened  to  be  another  box.  Itls 
never  possible  to  determine  with  mathematical  certainty  exactly  how  much 
refrigeration  is  required  for  a  given  case.  It  is  best  to  allow  for  this  fact  and 
to  be  sure  the  machine  is  amply  large.  Where  an  existing  ice-cooled  box  is  to 
be  cooled  mechanically  one  check  upon  the  size  of  the  machine  required  is  the 
amount  of  ice  used.  This  check  is  more  apt  than  any  other,  however,  to  lead 
to  erroneous  conclusions  unless  the  figures  are  properly  analyzed. 

Another  Method  of  Determining  the  CapMcity  of  a  Refrigeratiiig-Machine. 
The  following  is  a  method  that  gives  good  results,  except  that  allowance  may  be 
made  in  the  larger  boxes  and  where  brine-storage  tanks  are  provided  in  the  box 
for  the  steadying  effect  of  the  mass  of  cold  brine: 

(i)  The  ice-consumption  for  the  hottest  month  of  the  year  should  be  deter- 
mined.   This  will  give  the  average  ice-consumption  fo^  that  month. 

(2)  The  average  temperature  that  is  maintained  in  the  box  with  ice  should 
then  be  accurately  determined.  This  will  usually  be  from  55  to  6s'  F.  It  will 
commonly  be  stated  to  be  anywhere  from  40  to  45°  F.,  but  these  temperatures 
are  seldom  obtained.  Even  if  they  are,  with  a  full  ice-chamber  and  the  box 
closed  for  long  periods  the  average  will  be  above  these  figures.  Unless,  there- 
fore, there  is  positive  assurance  to  the  contrary,  from  55  to  6o'  F.  should  be 
consdered  the  average  temperatures. 

(3)  A  calculation  should  then  be  made  of  the  heat-inflow  through  the  insula-* 
tion,  with  a  temperature  of  55"  F.  in  the  box  and  with  the  average  summer 
temperature  outside.  The  difference  between  the  heat-inflow  through  the 
insulation  and  the  total  heat  actually  absorbed  by  the  melting  of  the  ice  is  the 
amount  entering  the  box  from  other  sources  than  through  the  insulation.  This 
access  of  heat  ordinarily  occurs  during  the  hours  of  daytime  only,  that  is,  when 
the  box  is  being  opened,  since  at  night  the  box  will  remain  closed.  A  machine 
of  sufficient  capacity  to  produce  the  temperature  actually  obtained  with  ice 
must,  therefore,  be  of  larger  rated  capacity  than  that  indicated  by  the  actual 
ice-consumption;  and  how  much  larger  it  should  be  can  be  determined  by  this 
method. 

(4)  A  further  fact  which  it  is  daimed  should  be  taken  into  account  in  deter- 
mining the  proper  size  of  a  machine  is  that  temperatures  obtainable  with  ice 
are  often  unsatisfactory.  If  they  were  always  satisfactory  one  reason  for  put- 
ting in  cooling-machinery  would  be  done  away  with.  Where  55°  F.  is  obtained 
with  ice,  from  35  to  45'  F.  will  be  required  with  mechanical  cooling  and  the 
machine-size  must  be  further  increased  in  the  ratio  of  the  temperature-differ- 
ences between  average  summer  temperature  and  35'  F.,  and  average  summer 
temperatures  and  55**  F. 

(5)  The  cooling-machine  if  installed  in  accordance  with  these  figures  would 
handle  average-weather  conditions  but  would  not  be  adequate  for  extreme 
hot-weather  conditions,  the  most  important  conditions  to  be  met  by  cooling- 
machinery.  It  is  necessary,  therefore,  to  further  increase  the  size  of  the  machine 
in  the  ratio  of  the  difference  in  temperature  between  maximum  summer  tem- 
perature and  35°  F.,  and  average  summer  temperature  and  35°  F. 

(6)  A  further  allowance  should  be  considered,  namely,  the  fact  that  in  many 
cases,  for  one  reason  or  another,  it  is  not  possible,  or  else  not  desirable,  to  oper- 
ate the  machine  except  during  certain  periods  of  the  day,  and  the  machine-size 
muBt  be  increased  as  much  as  may  be  required  to  take  care  of  these  conditions. 

le 
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I  (7)  If  the  machine  is  not  placed  directly  at  the  box  to  be  co<^ed,  allowance 
must  be  made  for  the  heat-inflow  into  the  insulated  brine-mains.  The  amount 
of  heat  entering  from  this  source  is  often  of  considerable  importance,  paiticu- 
Uriy  with  small  machines.  The  table  below  gives  heat  transmissions  for  cork 
pi^e-covering  and  some  other  materials. 

Water  and  Milk-Cooling.  Mechanical  refrigeration  as  applied  to  cooHng 
water  and  milk  differs  in  one  respect  from  other  classes  of  refrigerating-work. 
A  relatively  intense  quantity  of  cooling  effect  is  called  for  in  a  brief  interval 
of  time.  For  instance,  in  a  drinking-water  system  the  heaviest  requirements 
may  come  at  the  noon-hour.  In  a  bakery,  also,  the  demand  for  chilled  water 
will  be  intermittent,  a  large  quantity  of  water  being  required  for  the  dough- 
mixing.  In  dairy-work  the  luilk  must  be  cooled  very  rapidly  to  check  the 
development  of  bacteria  which  grow  with  incredible  rapidity  within  the  tem- 
perature-range of  from  no  to  50°  F.  To  install  a  large  enough  refrigerating- 
machine  to  produce  the  required  cooling  effect  as  it  b  needed  would  in  most 
cases  call  for  a  very  large  machine.  This  is  overcome  by  using  a  smaller 
machine  and  allowing  it  to  operate  for  a  longer  time,  say  throughout  the 
day,  storing  the  refrigerating  effect  produced  by  cooling  a  large  body  of  brine, 
or  melting  the  ice  as  rapidly  as  may  be  required.  For  instance,  if  50  cans 
of  milk,  of  40  qts  each,  are  to  be  cooled  from  a  temperature  of  from,  say,  75 
to  35"  F.,  in  z  hour,  the  refrigoration  required  will  be  50  cans  times  40  qts  times 
i  lb  per  qt  times  (75°  F.  —  35**  F.),  which  equals  320000  Btu.  Milk  is  treated 
in  the  calculation  as  having  the  same  specific  heat  as  water,  since  water  forms 
so  large  a  percentage  of  its  total  weight.  This  amount  of  refrigeration  pro- 
duced by  a  nuichine  running  12  hours  per  day  would  require  the  machine  to 
absorb  320000  Btu  divided  by  12,  or  26  000  Btu  per  hour.  The  quantity  of 
brine  necessary  to  store  the  cooling  effect  may  be  odculated  closely  enough  for 
practical  purposes  by  using  the  following  approximate  figures.  The  specific 
heat  of  brine  is  0.75.  The  weight  of  the  brine  is  9  lb  per  gallon.  The  permis- 
sible temperature-range  of  the  brine  depends  upon  the  conditions  and  may  be 
from,  say,  30  to  is*'  F.,  or  lower.  In  other  words,  the  temperature  to  which 
the  brine  can  be  permitted  to  rise  is  limited  to  the  temperature  it  must  produce 
in  the  room  or  in  the  substance  being  cooled,  and  the  temperature  to  which 
the  brine  can  be  cooled  in  storing  cold  is  limited  by  the  decrease  in  economy  of 
the  refrigerating-machine  at  the  low  temperatures. 

The  Value  of  Good  Insulation.  (See,  also.  Insulation,  page  1603.)  The 
importance  of  good  insulation  cannot  be  too  strongly  emphasized.  A  cold- 
storage  room  or  refrigerator  and  its  contents  may  be  cooled  by  ice  or  mechani- 
cal means,  but  unless  the  walls  are  adequately  insulated,  the  demand  caused 
by  the  inflow  of  heat  through  the  poor  insulation  may  be  more  than  the  ice- 
supply  or  refrigerating-machine  can  meet  to  maintain  the  required  tempera- 
ttue.  The  almost  imiversal  standard  of  insulation  for  cold-storage  rooms  is  a 
4-in  thickness  of  pure-cork  sheet.  The  following  table  shows  the  heat  trans- 
mitted through  I  in  in  thickness  of  each  of  the  substances,  per  square  foot  of 
exposed  surface  per  degree  difference  in  temperature  per  24  hours. 


PuTfrcork  sheets 6.4  Btu 

Hair-felt 73  Btu 

Impregnated  cork  boards 8.5  Btu 

Rock-wool  blocks 8.0  Btu 

Waterproofing  lith-blocks 8.5  Btu 

Spruce,  clear  and  dry x6.o  Btu 

White  oak 26.0  Btu 
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DMlgn  of  R«frigerfltor8.  Disposition  of  Cot^ing-Svifaeos.  (See,  also, 
subject  of  R^rigerators,  page  1599.)  ^o  attempt  need  be  made  to  describe  all 
of  the  many  arrangements  of  refrigerated  compartments  that  are  to  be  found  in 
service.  The  intention  is  to  point  out  some  of  the  more  important  things  to 
be  considered  in  determining  upon  the  design  of  a  box.  It  b  desirable  in  a 
refrigerator  to  produce  not  only  a  low  temperature,  but  a  relatively  dry  atmos- 
phere.. 

Cooling-Surface  and  Temperature.  Securing  the  low  temperature  is  merely 
a  question  of  supplying  sufficient  cooling-surface  to  produce  the  desired  results 
with  the  temperature  available  in  the  refrigerant.  The  amount  of  surface 
required  is  influenced  by  the  arrangement  of  the  box,  that  is,  whether  or  not 
the  air  passes  freely  or  sluggishly  over  the  surface,  whether  the  cooling-surface 
is  placed  on  the  ceiling  or  walls  of  the  compartment  or  in  a  loft  and,  if  the  latter 
arrangement  is  used,  whether  or  not  the  air-passages  are  of  proper  size  and  the 
circulation  between  the  loft  and  the  compartment  sufficient. 

Dryness  of  Atmosphere  and  Temperature.  To  secure  a  box  of  satisfactory 
drimess  it  is  necessary  to  have  a  relatively  low  temperature  in  the  refrigerant. 
The  air  which  passes  over  the  cooling-surfaces  is  practically  in  a  saturated  con- 
dition when  it  leaves  them.  If  it  is  to  be  dry  at  the  temperature  required  in 
the  box,  it  must  have  been,  necessarily,  cooled  well  bdow  the  box-temperature. 
For  instance,  in  a  box,  the  temperature  of  which  is  maintained  at  35*  F.,  the 
brine  should  be  run  at  a  temperature  of  from  about  20°  to  25°  F.  It  is  further 
desirable  to  so  locate  the  cooling-surface  that  frost  in  melting  will  pass  out  of 
the  box  quickly  and  not  remain  to  be  reabsorbed  by  the  air  in  the  box. 

Ammcements  of  CooUng-Surfaees.  There  are  several  common  arrangements 
of  cooling-surfaces  in  refrigerators.  Sometimes  the  coils  are  arranged  overhead, 
but  directly  in  the  compartment  to  be  cooled.  This  is  one  of  the  efficient  ways 
in  which  a  cooling-surface  can  be  arranged,  so  far  as  the  cooling  effect  alone  is 
concerned.  It  is  not,  in  general,  a  good  arrangement,  however,  since  frost 
melting  from  the  coils  drips  on  the  goods.  In  another  arrangement  the  cooling- 
surfaces  are  on  the  wall.  This  is  preferable  to  the  ceiling-arrangement,  as  far 
as  the  dripping  is  concerned.  The  objection  to  it  is  that  goods  placed  close  to 
the  w'afls  are  apt  to  be  overchilled,  while  'goods  nearer  the  center  of  the  com- 
partment are  not  cooled  quickly  enough.  It  also  wastes  floor-space,  because 
packing  goods  close  to  the  coils  is  not  practicable  on  account  of  possible  over- 
chilling  and  also  on  accoimt  of  the  liability  of  retarding  the  air-circulation.  The 
wall-arrangement  for  cooling-suriaces  is,  nevertheless,  often  the  most  practica- 
ble method.  Another  method  involves  a  modified  form  of  wall-coil  arrangement 
in  which  a  brine-storage  tank  is  used  to  assist  in  maintaining  the  temperature 
when  the  machine  is  shut  down.  A  further  modification  is  often  introduced, 
in  which  a  partition  or  baffle-plate  is  used  in  front  of  the  coils.  The  best  types 
of  box-arrangement  are  those  in  which  the  cooling-surface  is  separated  from  the 
storage-space  and  is  so  arranged  as  to  sectue  an  active  circulation  of  the  air 
over  the  coils  and  through  the  compartments.  In  all  of  these  plans  the  one 
requirement  calling  for  the  greatest  care  is  that  the  air-passages  shall  be  as 
direct  as  possible  and  of  ample  size.  The  force  causing  the  air  to  circulate, 
namely,  the  difference  in  weight  due  to  differences  in  temperature  and  density 
between  the  column  of  au-  in  the  coil-compartment  and  that  in  the  storage- 
compartment,  is  so  extremely  small  that  any  slight  interference  is  a  serious 
matter.  An  extra  turn  in  the  passage  or  a  slight  reduction  in  the  size  of  the 
passage  will  produce  a  marked  effect.  A  good  rule  to  follow  is  to  make  the 
passage  as  large  as  it  can  be  made  without  allowing  any  drip  to  reach  the 
storage-compartment.    This  will  work  out  in  many  cases  to  show  a  ratio  of 
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z  to  8  or  9  between  the  area  of  the  passage  and  the  floor-area  of  the  compart- 
ment; but  even  i  to  6  is  just  that  much  better  if  it  can  be  secured.  The  matter 
of  proportioning  the  size  of  the  air-passages  is  of  much  less  importance  where 
the  air  is  circulated  by  fans.  Forced  circulation  is  not  usual,  however,  except 
in  large  storage-refrigerators,  and  no  attempt  wiH  be  made  here  to  consider  it. 
One  precaution  that  must  be  taken  in  arranging  the  cooling-surface,  e^xdally 
in  small  and  frequently  opened  boxes,  is  the  avoidance  of  any  undue  cooling  of 
walls  or  ceilings  that  are  exposed  to  currents  of  warm  air  when  the  door  is 
opened.  Moisture  from  the  incoming  air  deposits  on  these  surfaces  and  causes 
the  offensive  so-called  sweating  of  the  box.  This  is  most  often  seen  on  the 
storage-compartment  side  of  uninsulated  coil-compartment  floors  or  partitions^ 
and  also  occurs  on  walls  or  ceilings  where  the  cooling-pipes  are  set  very  dose  to 
these  surfaces.  The  obvious  and  effective  cure  is  to  insulate  the  partitions 
between  coil-compartments  and  storage-compaftments  and  keep  cooling-sur- 
faces well  away  from  walls  or  ceilings,  from  3  to  8  in,  depending  upon  the  tem- 
perature of  the  brine. 

Incidental  Notet  on  Refrigorators.  Diawers.  In  resUurant-kitcfaens 
and  elsewhere  it  is  sometimes  convenient  to  have  a  box  fitted  with  a  number 
of  refrigerated  drawers.  The  heat-leakage  through  the  many  joints,  through 
slides  which  are  invariably  oidy  partially  closed,  and  through  the  poor  insula- 
tion of  the  drawers,  is  very  great.  \Vhere  it  is  at  all  possible  to  do  so,  it  is 
best  to  arrange  an  insulated  door  covering  the  entire  drawer-space. 

Anterooms.  In  storage-rooms  of  mediiun  to  large  size  the  air-interchange 
due  to  opening  doors  is  reduced  to  a  minimum  by  arranging  an  anteroom  or 
entry  which,  after  it  is  entered,  has  its  outer  door  closed  before  the  door  to  the 
stortige-room  proper  is  opened.  Where  two  rooms  are  side  by  side,  it  is  often 
possible  to  reduce  the  interchange  of  air  by  treating  the  one  room  as  an  ante- 
room of  the  other,  having  but  one  door  to  the  outside  air. 

Doors.  Special  note  should  be  made  as  to  the  design  of  doors  for  refrigerated 
rooms  or  boxes.  There  is  a  common  idea  that  a  refrigerator-door  should  be 
beveled.  As  a  matter  of  fact  no  more  certain  means  of  ensuring  air-leakage 
could  be  devised.  A  perfectly  fitted  beveled  door,  hung  accurately  in  {dace, 
could  perhaps  be  made  tight  in  the  beginning.  This  door  in  service  at  once 
begins  to  sag,  since  a  refrigerator*door  is  always  heavy.  It  inunediately  be- 
comes impossible  to  force  it  to  a  tight  seat  and  continuous  leakage  of  air  begins. 
A  refrigerator-compartment  door  is  most  readily  made  tight  by  having  a  flat 
surface  on  the  door  come  up  against  a  corresponding  surface  on  the  frame,  with 
a  soft  gasket  of  some  kind  between  them.  There  are  several  well  made  re- 
frigerator-doors on  the  market  at  prices  low  enough  to  make  it  doubtful  economy 
to  attempt  the  home-made  article. 

Arrangement  of  Brine-lCahis.  In  laymg  out  mains  to  carry  brine  from  the 
refrigerating-machine  to  the  refrigerator,  there  are  a  few  simple  points  to  be 
cared  for.  For  the  convenience  of  the  pipe-covering  man,  the  flow  and  return 
lines  should  be  placed  far  enough  apart  so  that  he  can  get  his  covering  onto 
each  pipe  without  cuttmg  it  to  pieces,  or  else  they  should  come  ckjee  together 
so  as  to  be  covered  together.  A  common  difficulty  experienced  in  biine-^ys- 
tems  of  refrigeration,  where  the  cooling-coils  in  several  compartments  are  fed 
from  the  same  main,  is  that  when  the  adjustment  of  the  valve  controlling  the 
flow  of  brine  through  one  coil  is  changed,  it  upsets  the  adjustment  of  the  whole 
system.  This  is  due  to  too  small  mains  or  too  small  a  pump,  or  both.  A 
similar  action  is  observed  when  the  opening  of  a  faucet  on  a  water-pipe  checks 
"^-^  flow  from  other  open  fauoets  on  the  line.    The  ideal  croas-section  area  of 
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the  brine-mains  is  as  nearly  as  possible  equal  to  the  combined  cross-section 
area  of  the  coils  which  they  serve  at  any  one  time.  Even  with  this  proportion, 
however,  it  is  not  possible  to  absolutely  ensure  that  the  lower  coils  will  not  rob 
the  upper  ones,  or  even  drain  them  completely  in  some  systems  of  piping.  A 
most  effective*  even  if  somewhat  expensive  method  of  overcoming  this  diffi- 
culty, is  by  the  addition  of  a  third  main.  In  this  arrangement  it  is  not  possible 
for  one  coil  to  rob  another  to  the  point  of  draining  it. 

Ctlcidatioiifl  for  ffae  Necessary  Amount  of  Cooling-Surfaces.  No 
hard  and  fast  rule  can  be  given  regarding  the  proper  amount  of  cooling-surface 
for  compartments  of  various  sixes,  since  the  design  and  arrangement  of  the 
cooling-surface  and  the  freedom  with  which  the  air  circulates  over  it  greatly 
affect  the  amount  required.  As  a  general  guide,  however,  and  where  the  con- 
ditions are  such  as  to  permit  a  good  circulation  of  the  air,  the  following  formula 
will  give  good  results.  It  will  be  understood,  of  course,  that  the  refrigeration 
required  in  the  given  room  has  been  determined  as  previously  indicated. 
The  cooling-surface  required,  in  square  feet,  per  ton  of  refrigeration  equals 
4  70o/(r  —  /)  in  which  T  is  the  temperature  desired  in  the  compartment,  and  t 
the  average  temperature  of  the  brine. 


Approved  Cold-Storage  Temperaturet 


Articles  stored 


Beef 

Lamb  and  mutton 

Hogs 

Veal 

Iftets.  in  pickle  or  brine 

Butter,  must  be  kept  separate  from  other  goods 

Bggi 

Cheese 

Lard 

Poultry,  to  h«ese 

Poultry,  when  ixottn 

Game,  to  freese , 

Game,  when  frxnen 

Pish,  retail  fishKJOttnten  should  be  cooled  with  ioe  rather  than 

mechanically 

Oysters , 

Beer 

Wines 

Cider 

Fruits 

Vegetables 

Canned  gcxxls 

Flour  and  meal 

Furs 

Brine  for  ioe-craam  {reesing 

Ic»<«ream,  air>hardening 

Ic»<XBam,  serving-temperature 


Degrees 
Fahrenheit 

36  to  40 

33  to  36 

39  to  32 

34  to  36 

35  to  40 
Oto38 

391033 
33  to  34 
38  to  40 

Stoic 
35  to  28 

Stoic 
35  to  38 

35  to  38 
33  to  45 
33  to  43 

40  to  45 
30  to  40 

33  to  36 

34  to  40 
38  to  40 
40 

35  to  33 
Stoio 
5 

14  to  16 


Ice-Mftldng.  If  the  following  facts  of  physics  are  kept  in  mind  in  consider- 
ing methods  of  maUng  ice  the  results  obtainable  may  be  understood  or  pre- 
dieted: 
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(x)  Chemically  pure  water  will  freeze  solid  and  dear. 

(a)  Water  containing  impurities  in  solution  tends  in  freezing  to  force  these 

impurities  out  of  solution.    The  slower  the  process  of  freezing  the 

more  completely  is  the  purification  effected. 

(3)  Ice  forming  in  still  water  sends  out  long  slender  crystals  which  increase 

in  number  and  size,  forming  a  meshwork  that  gradually  becomes  a 
solid  mass. 

(4)  Agitation  of  water  during  freezing  aids  in  the  separation  of  impurities 

and  therefore  in  forming  solid,  clear  ice. 

(5)  Practically  all  natural  waters  contain  more  or  less  organic  or  tnocganic 

material  in  solution  and  invariably  contain  air  in  solution.  These 
substances  are,  therefore,  frozen  out  of  solution  and  tend  to  cause  the 
ice  formed  to  be  opaque,  the  lighter  substances  tending  to  rise  and 
collect  near  the  surface,  and  the  heavier  ones  tending  to  sink. 

(6)  The  rate  of  freezing  of  ice  decreases  as  the  thickness  already  formed 

increases,  so  that  the  time  required  to  freeze  increases  as  the  square 
of  the  thickness  to  be  frozen.  In  the  formation  of  natural  ice  the 
'  freezing  is  from  the  top  down  and  impurities  frozen  out  of  solution  fall. 
This  and  the  motion  of  the  water,  especially  in  quiet  running  streams, 
tends  to  make  naturally  frozen  ice  transparent.  American  manufac- 
turers of  ice  have  always  tried  to  duplicate  thb  clearness. 

Mefhods  of  lee-Maklng.  The  method  first  adopted  in  this  country  was  the 
one  in  which  distilled  water  was  used.  From  a  sanitary  point  of  view  such 
ice  would  be  theoretically  ideal.  Practical  difficulties  make  it  almost  impos- 
sible to  secure  pure  ice  in  this  way.     Some  of  these  difficulties  are: 

(i)  Removal  of  oil  from  the  distilled  water,  this  oil  being  picked  up  as  the 
steam  passes  through  the  cylinder  of  the  engine.  It  is  difficult  to 
remove  organic  oil  which  is  present  in  the  lubricant. 

(2)  Assurance  that  the  filters  are  in  proper  shape,  an  assurance  often  impos- 

sible to  obtain  since  this  apparatus  is  ordinarily  used  the  season  through 
without  overhauling. 

(3)  Possibility  of  contamination  in  the  storage-tank  where  the  distilled  water 

is  held  and  usually  precooled  to  as  near  32**  F.  as  possible,  before 
passing  to  the  freezing-cans,  thus  saving  time  in  the  freezing  process 
in  the  tank. 

(4)  Possible  contamination  from  handling  the  cans  and  the  wooden  covers 

over  them.  These  covers  form  the  top  of  the  freezing-tank  in  which 
the  cans  of  water  are  immersed  in  cold  brine  for  freezing  and  are 
tramped  over  by  the  ice-harvester  with  the  consequent  possibility  of 
dirt  getting  into  the  cans. 

A  second  system  of  ice-making  in  common  use  in  thb  country  is  the  plate 
SYSTEM.  In  this  process  the  ice  is  formed  on  vertical  steel  plates.  Natural 
or  raw  water  is  used  and  the  bath  is  agitated  by  various  methods.  The  re- 
sulting ice  is  very  clear  and  dense.  In  this  system  when  the  ice  is  formed  to 
the  desired  thickness,  usually  about  12  in,  it  is  loosened  from  the  freezing- 
plate  by  various  thawing-arrangements  in  different  forms  of  the  apparatus. 
The  ice-plates,  often  9  by  16  ft  by  12  in  in  thickness,  are  lifted  from  the  tanks 
by  overhead  cranes  and  carried  to  a  table  where  they  are  cut  to  commercial 
sizes.  While  the  plate  process  is  usually  very  slow  on  account  of  the  fact 
that  the  freezing  is  from  one  side  only,  it  is  largely  used  and  lends  itself  Co  great 
economy  in  steam-consumption,  whereas  in  the  old-style  distilled-watcr  ice- 
making  plant  the  amount  of  steam  required  to  make  the  ice  was  more  than  ao 
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economical  engine  would  use  and  it  was  not  possible  to  obtain  fuel-economy. 
One  modified  form  of  this  system,  now  coming  into  considerable  favor,  is 
arranged  so  that  stationary  cans  are  filled  with  raw  water  and  kept  agitated 
by  compressed  air  bubbling  up  through  it.  When  the  freezing  has  progressed 
somewhat  the  remaining  water  is  drawn  o£F  and  replaced  by  fresh  water,  thus 
removing  the  greater  part  of  the  impurities  that  have  been  frozen  out  of  solu- 
tion. Various  other  modifications  of  these  two  systems  of  ioe-making  have  been 
and  are  being  developed.  All  of  them  depend,  however,  upon  the  series  of 
physical  facts  stated  in  the  preceding  paragraphs,  and  the  results  may  be 
analyzed  by  reference  to  them. 

Relative  Economy  of  Prodndiig  Refrigeration  Mechanically  and  by 
Ice.  (i)  In  determining  the  cost  of  refrigeration  by  ice,  account  must 
be  taken  not  only  of  the  cost  of  the  ice  but  of  melting,  of  the  uncertain  ice- 
harvest,  of  the  amount  of  ice  left  over  at  the  end  of  the  season  and  of  that 
frozen  together  in  the  storage  and,  therefore,  practically  useless.  Regarding 
the  melting,  it  may  run  anywhere  up  to  50%  of  the  total  ice-harvest.  The 
quantity  left  over  at  the  end  of  the  season  is,  of  course,  so  variable  that  it  is 
impossible  to  esthnate  it,  this  bemg  purely  a  matter  of  chance.  In  many 
cases,  however,  it  is  a  very  large  item.  The  loss  by  the  ice  freezing  together 
in  the  storage  can  be  reduced  to  a  very  small  amount  where  the  ice  is  properly 
packed  with  distance-strips  between  the  ice-cakes.  Proper  packing  is  much 
more  readily  carried  out,  however,  where  artificial  ice  is  stored  than  where 
natural  ice  is  held,  and  a  mechanically  cooled  ice-storage  is  less  subject  to  this 
difficulty,  since  the  temperature  is,  of  course,  constantly  held  below  the  melting- 
point  of  ice.  (2)  The  total  cost  of  refrigeration  produced  mechanically 
includes  the  cost  of  power,  water,  oil,  refrigerant  (usually  anmionia),  labor 
and  attendance,  and  interest  and  depreciation  on  the  investment.  The  figures 
on  these  items  vary  between  wide  limits.  The  following  figures,  however,  will 
be  of  interest.  Care  should  be  taken  in  drawing  conclusions  from  them  as  to 
cost  in  prospective  installations.  These  figures  are  from  the  annual  cost  of  an 
ice-manufacturing  company  having  a  capacity  of  1  500  tons  per  day  in  plants 
ranging  in  size  from  50  to  100  tons  per  day  each. 

Coal .40  cts  per  ton  of  ice  produced. 

Labor 50  cts  per  ton  of  ice  produced. 

Ammonia 10  cts  per  ton  of  ice  produced. 

Water 5  cts  per  ton  of  ice  produced. 

Waste,  power,  oil,  etc 10  cts  per  ton  of  ice  produced. 

Total |i .  15  per  ton  of  ice  produced. 

TOWER-CLOCKS* 

Rule  for  Diameter  of  Dkls.  "To  look  well  and  show  plainly,  dials  should 
be  I  ft  in  diameter  for  every  10  ft  of  elevation  and  should  set  out  flush  with  or 
close  to  the  line  of  the  building  or  tower."  f 

Dimensions  of  Some  Large  Clock-Faces.  Colgate's  Factory,  Jersey 
City,  N.  J.  The  diameter  of  the  dial  is  40  ft.  The  minute-hand  is  20  ft  long 
and  2  ft  II  in  in  extreme  width,  and  the  hour-hand  is  15  ft  long  and  3  ft  10  in 
in  extreme  width.  The  minute-hand  weighs  640  lb  and  the  hour-hand  500  lb. 
This  is  the  largest  clock  in  the  world. 

*  For  a  description  of  the  requirements  of  installation  of  tower^docks,  see  page  154 
of  "  Churches  and  Chapels,"  by  F.  E.  Kidder, 
t  Seth  Thomas  Ck)ck  Compaay,  New  Ywk. 
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Bromo-Seltzer  Buildingi  Baltimore,  Md.  The  dials  are  24  ft  m  diameter. 
The  minute-hand  is  xa  ft  7  in  and  the  hour-hand  9  ft  8  in  from  tip  to  tip.  Tbe 
minute-hand  weighs  175  lb,  the  hour-hand  145  lb. 

Daniela-Fisher  Building,  Denver,  Colo.  The  diab  are  15  ft  6  in  in  diameter. 
The  minute-hand  is  7  ft  10  in  and  the  hour-hand  5  ft  7  in  long. 

Maryland  Casualty  Bidlding,  Baltimore,  Md.  The  dials  are  17  ft  in  diam- 
eter.   The  minute-hand  is  8  ft  4  in  and  the  hour-hand  5  ft  11  in  long. 

Elgin  Watch  Company's  Factory,  Elgin,  HI.  The  dials  are  14  ft  6  in  in  duo- 
eter.    The  minute-hand  is  7  ft  4  in  and  the  hour-hand  5  ft  4  in  long. 

Tower-dock,  Station  of  the  Central  Railroad  of  New  Jersey,  at  Commuoi 
paw,  K.  J.  The  diameter  of  the  single  dial  is  14  ft  3  in;  the  minute-hand  i* 
7  ft  long  and  weighs  40  lb;  the  hour-hand  is  5  ft  long  and  weighs  a8  lb.  Tc: 
motive  power  is  furnished  by  a  weight  of  700  lb,  hung  from  a  H-in  steel  able. 

Four-dial  clock.  Produce  Exchange  Building,  New  York.  The  diameter  o| 
each  dial  is  12  ft  6  in. 

Four-dial  clock.  Chronicle  Tower,*  San  Francisco,  Cal.  The  diameter  of  ead 
dial  is  16  ft  6  in;  length  of  minute-hands,  8  ft;  length  of  hour-hands,  5  {t6ia 
The  mechanism  of  the  clock  is  6  ft  x  in  high  and  weighs  3  000  lb. 

Pneumatic  dock.  City  Hall  and  Court-House,  Minneapolis,  Minn.  The  (£J 
are  23  ft  4  in  in  diameter. 

LIBKAET  BOOK-STACKS 

The  Stack- Work  in  Genertl.  The  sUck-room  of  a  fibraiy  b  usually  1 
off  by  fire-proof  doors  from  the  rest  of  the  building.  The  customary  prji  M 
among  architects  is  to  make  the  stack-work  a  separate  contract  and  ha>c'i 
general  contractor  turn  the  stack-room  over  to  the  stack-contractor  with  1 
ished  floors,  walls  and  ceilings.  The  stacks,  made  entirely  of  incombu^  I 
materials,  are  then  built  as  an  independent  structure. 

Book-Ranges.  The  book-ranges  are  usually  double-faced  and  are  i^^ 
in  paralld  rows  with  aisles  between.  The  minimum  aisle-width  is  about . 
4  in.  Radial  ranges  waste  space  and  are  costly.  Single-faced  raiig%»i 
relativdy  more  expensive  than  double-faced  ranges. 

Tiere.  All  stacks  are  divided  in  thdr  height  mto  tiers  by  deck-floo^j 
order  that  all  shdves  may  be  easily  reached.  The  regular  tier-hei|pht  b  '| 
or  7  ft  6  in. 

Deck-Floors.  Deck-floors  are  composed  of  slabs  of  H-in  roug:fa  ?\ 
glass  or  iM-in  white  marble,  supported  on  steel  framework.  A  loag,  cii 
opening  or  deck-slit  is  left  between  the  edge  of  each  deck-floor  and  the  f.l 
each  range  to  allow  proper  ventilation  of  the  stack-tiers.  The  net  thi  vl 
from  top  of  deck  to  bottom  of  steel  framework  is  from  3V4  to  3H  in  for  or  J  I 
spans.    The  deck-floors  are  carried  by  the  shelf -supports. 

Vertical  Communication.  Continuous  flights  of  stairs  of  simptc  ci 
and  construction  are  placed  at  central  points.  Books  are  moved  up  and  J 
by  means  of  dumb-waiters  operated  by  hand,  for  short  nms»  or  by  rl-l 
power  controlled  by  push-buttons. 

Shelf -Supports.    The  shdf -supports  are  made  b  various  wmys.  dif  1 
with  each  manufacturer.    In  the  best  construction  they  extend  the  fuT:  H 
of  the  shdves  so  as  to  hold  up  the  shdves  and  books  without  the  use  - 
projecting  brackets.    They  are  made  of  suffident  strength  to  carry  tt 
bined  loads  of  books,  dedc-floors  and  superimposed  stack-tien.     They  ^ 

*  Destroyed  in  the  Mrthquake  and  fire. 
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provide  for  a  uniform  shelf-adjustment  at  intervals  of  about  i  in.  Compact- 
^i^B  is  important.  Open-work  shelf-supports  promote  proper  lighting  and 
'^x-Ktilation. 

Sbelves.  In  each  tier  of  regular  height  there  are  usually  six  rows  of  adjust- 
Ll>le  shelves  and  one  row  of  fixed  shelves.  Shelves  are  generally  8  or  xo  in  wide 
«>ck<]  3  ft  long.  Other  sizes  are  supplied  if  necessary.  The  adjustable  shelves 
i.T-«  made  of  solid  plates  of  sheet  steel  or  of  parallel  bars  with  spaces  between. 
I*lie  fixed  shelves  are  placed  about  2  in  above  each  floor-level.  They  are  made 
o£  solid  {dates  of  steel  to  fonn  dust-stops,  fire-stops  and  water-stops  between  the 
t.icrs. 

FinUh.  The  adjustable  shelves  are  always  completely  finished  with  baked 
cxiamel  before  delivery.  The  fixed  parts,  also,  of  the  stack-construction  may 
l>e  finished  at  the  shop  with  baked  enamel,  or  preferably  with  air-drying  enamel, 
a^ter  erection  at  the  building,  so  as  to  permit  repair. 

Lighting.  Electric-light  wires  are  carried  in  metal  conduits  supported  by 
^lie  steel  framework  of  the  deck-floors.  Lights  of  i6  candle-power  are  spaced 
a.bout  6  ft  apart  in  range-aisles  and  la  ft  apart  in  main  aisles. 

Heating.  Indirect  radiation  is  best  for  books.  The  lower  tiers,  only,  of  a 
stack  should  be  heated,  to  prevent  the  upper  tiers  from  becoming  too  warm. 

Ventflatiott.  Large  stacks  are  usually  ventilated  artificially  to  prevent  the 
entry  of  dust  and  outside  air  through  open  windows.  In  the  Library  of  Con- 
gress, in  Washington,  D.C.,  fresh,  filtered  and  tempered  air  is  forced  in  at  the 
bottom  tier,  finds  its  way  up  through  the  stack  by  means  of  the  deck-slits  and 
is  drawn  out  at  the  top  tier. 

Weights.  The  shelves  and  shelf-supports  ^  weigh  from  7  to  lo  lb  per  cu  ft 
of  book-range.  Books  weigh  about  20  or  25  lb  per  cu  ft  of  book-range.  The 
steel  deck-floor  framing  weighs  from  4  to  6  lb  per  sq  ft  of  gross  area  of  deck- 
floor.  Marble  floor-slabs.  iH  in  thick,  weigh  about  20  lb  per  sq  ft,  and  ^i-in 
rough,  plate-glass  slabs,  about  10  lb  per  sq  ft  of  net  area. 

Book-Capacitiet.  Book-capacities  per  linear  foot  of  shelf  may  be  figured  on 
the  following  basis:  law-books,  5  volumes;  reference  books,  6  volumes;  scien- 
tific books,  7  volumes;  general  Uterature,  from  8  to  10  volumes.  The  average 
in  the  Library  of  Congress  is  8H  volmnes  per  linear  foot.  An  ordinary  stack- 
tier,  7  shelves  high  with  double-faced  ranges  16  in  deep  (or  8-in  shelves)  and 
aisles  32  in  wide,  with  a  reasonable  allowance  made  for  cross-aisles,  stairways, 
etc,  will  contain  about  22  volumes  per  sq  ft  of  gross  area. 

Cost  The  cost  m  the  United  States  of  library-stacks  of  standard  construc- 
tion varies  from  50  cts  to  $1  or  more  per  linear  foot  of  shelving.  Economy  is 
secured  by  following  established  standards  while  special  designs  increase  the  cost. 

CLASSICAL   MOLDINGS 

Moldings  are  so  called  because  they  are  of  the  same  shape  throughout  their 
length  as  though  the  whole  had  been  cast  in  the  same  mold  or  form.  The  regu- 
lar moldings,  as  found  in  remains  of  classic  architecture,  are  eight  in  number, 
as  shown  in  the  accompanying  illustration,  and  are  known  by  the  following 
names:  The  last  two  are  commonly  called,  also,  ogee  moldings.  Some  of  these 
terms  are  derived  thus:  fillet,  from  the  French  word  fil,  a  thread;  astsagal, 
from  astsagalos,  a  bone  of  the  heel,  or  the  curvature  of  the  heel;  bead,  because 
this  molding,  when  properly  carved,  resembles  a  string  of  beads;  torus,  or  tore, 


*  As  made  by  The  Snead  k  Co.  Iron  Works,  Jersey  Qty,  N^ 
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the  Greek  for  rope,  which  it  resembles  when  on  the  base  of  a  column;  scotia, 
from  skoha,  darkness,  because  of  the  strong  shadow  cast  in  its  hoUow,  and  which 
is  increased  by  the  projection  of  the  torus  above  it;  ovolo,  from  ovum,  an  egg, 
which  this  member  resembles  when  carved,  as  in  the  Ionic  capital;  cavetto, 

from  CAVus,  hollow;  cyklahuh,  from 
.'   .  ■      '  —        -  '  ^  KUMATON,  a  wave. 

Charactexistica  of  Moldings. 
None  of  these  moldings  is  peculiar  to 
any  one  of  the  orders  of  architecture; 
and  although  each  has  its  appropriate 
use,  it  is  by  no  means  confined  to  any 
certain  position  in  an  assemblage  of 
moldings.  The  use  of  the  fillet  and 
also  of  the  astragal  and  torus,  which 
resemble  ropes,  is  to  bind  the  parts. 
The  ovolo  and  cyma-reversa  are  strong 
at  their  upper  extremities,  and  are 
therefore  used  to  support  projecting 
parts  above  them.  The  cyma-recta  and  cavetto,  being  weak  at  their  upper 
extremities,  are  not  used  as  supporters,  but  are  placed  uppermost  to  cmrtr  and 
shelter  the  upper  parts.  The  scotia  is  introduced  in  the  base  of  a  column  to 
separate  the  upper  and  lower  torus,  and  to  produce  a  pleasing  variety  and 
relief.  The  form  of  the  bead  and  that  of  the  torus  are  the  same;  the  reason 
for  giving  distinct  names  to  them  is  that  the  torus,  in  every  order,  is  always 
considerably  larger  than  the  bead  and  is  placed  among  the  base-moldings, 
whereas  the  bead  is  never  placed  there,  but  on  the  capital  or  en^blature. 
The  torus,  also,  is  seldom  carved,  whereas  the  bead  is;  and  while  the  torus, 
among  the  Greeks,  was  frequently  elliptical  in  its  form,  the  bead  retains  its 
circular  shape.  While  the  scotia  is  the  reverse  of  the  torus,  the  cavetto  fe  the 
reverse  of  the  ovolo,  and  the  cyma-recta  and  cyma-reversa  are  combinations 
of  the  ovolo  and  cavetto. 

THE   CLASSICAL   OKDEBS* 

Origin  of  the  Orders.  "In  the  classical  styles  several  varieties  of  column 
and  entablature  are  in  use.  These  are  called  the  orders.  Each  order  comprises 
a  COLUMN  with  a  base,  shaft  and  CAprrAL,  with  or  without  a  pedestal,  with  its 
BASE,.DIE  and  CAP,  and  is  crowned  by  an  entablature,  consisting  of  architra\'e, 
FRIEZE  and  CORNICE.  The  entablature  is  generally  about  one-fourth  as  high  as 
the  column,  and  the  pedestal  one-third,  more  or  less,  .\mong  the  Greeks  the 
forms  used  by  the  Doric  race,  which  inhabited  Greece  itself  and  had  colonies  in 
Sicily  and  Italy,  were  much  unlike  those  of  the  Ionic  race,  which  inhabited  the 
western  coast  of  Asia  Minor,  and  whose  art  was  greatly  influenced  by  that  oi 
Assyria  and  Persia.  Besides  the  Ionic  and  Doric  styles,  the  Romans  devised 
a  third,  which  employed  brackets,  called  modiluons,  in  the  cornice,  and  was 
much  more  elaborate  than  either  of  them;  this  they  called  the  Corinthian. 
They  used  also  a  simple  Doric  called  the  Tuscan,  and  a  cross  between  the 
Corinthian  and  Ionic  called  the  composite.    These  are  the  five  orders.    The 

*  The  puagraphs  in  qnoCation-nuiiks  are  taken  from  The  American  Vignola  by  Pro* 
fessor  W.  R.  Ware,  by  permission  of  the  owners  of  the  copyright,  the  Intematt<mai  Text- 
book Company,  ScrantoD,  Pa.,  proprietora  of  the  Intexnatiooal  Correspondence  Schools. 
The  engravings  were  made  especially  for  this  book,  and  correspond  with  the  arigbal 
drawings  prepared  by  Giacomo  Barosd  da  Vignola. 
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ancient  examples  vary  much  among  themselves  and  di£fer  in  different  lAaces, 
axid  in  modern  times  still  further  varieties  are  found  in  Italy,  Spain,  France, 
Germany  and  England.  The  best  known  and  most  admired  fonns  for  the  orders 
are  those  worked  out  by  Giaoomo  Baroizi  da  Vigoola  in  the  sixteenth  century 
from  the  study  of  ancient 
examples. " 

The  Tuscan  Order. 
"The  distinguishing 
characteristic  of  the  Tus- 
can ORDER  (Fig.  1)  is 
simplicity.  Any  forma 
of  pedestal,  column  and 
entablature  that  show 
but  few  moldings,  and 
those  plain,  are  con- 
sidered to  be  Tuscan." 

The  Doric  Order. 
''The  distinguishing 
characteristics  of  the 
Doric  &rder  are  fea- 
tures in  the  irieze  and 
in  the  bed-mold  above 
it  called  triglyphs  and 
MUTULES,  which  are  sup- 
posed to  be  derived  from 
the  ends  of  beams  and 
rafters  in  a  primitive 
wooden  construction 
with  large  beams.  Un- 
der each  trigiyph,  and 
beneath  the  t-«nia  which 
crowns  the  architrave,  is 
a  little  fillet  called  the 
REGULA.  Under  the 
regula  are  six  long  drops, 
called  GUTT^,  which  are 
sometimes  conical,  some- 
times pyramidal.  There 
are  also  either  eighteen 
or  thirty-six  short  cylin- 
drical guttx  under  the 
soffit  of  each  mutule. 
The  gutts  are  supposed 
to  represent  the  heads  of 
wooden  pins,  or  treenails. 
Two  different  Doric  cor- 


J     Plinth 

DimenskniB  an  in  flitlu  of  DUunater. 
Fig.  1.    The  Tuscan  Order 


nices  are  m  use,  the  mutulary  with  bracket  and  the  denticulated  with  dentils, 
the  principal  difference  being  in  the  bed-mold."  The  order  shown  in  Fig.  2 
has  the  denticulated  cornice. 

The  Ionic  Order,  "The  i^ototypes  of  the  Ionic  order  (Fig.  3)  are  to  be 
found  in  Persia,  Assyria,  and  Asia  Minor.  It  b  characterized  by  bands  in  the 
architrave  and  dentils  in  the  bed-mold,  both  of  which  are  held  to  represent 
small  sticks  hud  together  to  form  a  beam  or  a  roof.    But  the  most  conspicuous 
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and  distinctive  feature  is  the  scrolls  which  decorate  the  capital  of  the  column. 
These  have  no  structural  significance,  and  are  purely  decorative  forms  derived 
from  Assyria  and  Egypt-  Originally  the  Ionic  order  had  no  frieze  and  no 
ECHINUS  in  the  capital.    These  were  borrowed  from  the  Doric  oider«  and,  in 


Dlmandoiw  are  in  UxbB  oTDUuneter 
Fig.  2.    The  Doric  Order 

like  manner,  the  dentils  and  bands  in  the  Doric  were  borrowed  from  the  Ionic 
The  Ionic  frieze  was  introduced  in  order  to  afford  a  place  for  sculpture,  and  was 
called  by  the  Greeks  the  zoophorous,  or  figure-bearer.  The  typical  loNXC  bask 
is  considered  to  consist  mainly  of  a  sconA»  as  in  some  Greek  examples.  It  is 
coomion,  however,  to  use  instead  what  is  called  the  Attic  base,  consisdng  of  t 
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SCOTIA  and  two  fillets  between  two  large  toruses,  mounted  on  a  plinth,  the 
whole  half  a  diameter  high.  The  plinth  occupies  the  lower  third,  or  one-sixth 
of  a  diameter.  Vignola  adopted  for  his  Ionic  order  a  modification  of  the  Attic 
base,  substituting  for  the  single  large  scotia  two  small  ones,  separated  by  one 
or  two  beads  and  fillets,  and  omitting  the  lower  torus. "  This  is  the  base  shown 
in  Fig.  3.  "The  Ionic  frieze  is  plain,  except  for  the  sculpture  upon  it.  It 
sometimes  has  a  ciu^ed  outline,  as  if  ready  to  be  carved,  and  is  then  said  to  be 
pulvinated,  from  putvinar,  a  bolster,  which  it  much  resembles.  The  SE.\rr 
of  the  column  is  ornamented  with  twenty-four  flutincs,  semicircular  in  section, 
which  are  separated  not  by  an  arris,  but  by  a  fillet  of  about  one-fourth  their 
width.    This  makts  the  flutings  only  about  two-thirds  as  wide  as  the  Doric 

channels,  or    about  one-ninth  of  a 
diameter,  instead  of  one-sixth." 

To  Describe  the  Ionic  Volute. 
There  are  several  methods  of  doing 
this,  the  simplest  being  by  means  of 
centers  found  as  shown  by  the  diagram 
in  Fig.  4.  First  locate  the  center  of 
the  EYE  H  D  vertically  below  the 
point  i4,  Fig.  3.  Then  describe  a 
circle  with  a  diameter  equal  to  \{%  D. 
to  form  the  eye.  Inside  of  this  drde 
inscribe  a  square  at  45  degrees  to  a 
horizontal;  then  draw  the  axes  1-3 
and  2-4,  and  divide  each  of  these  into 
six  equal  parts.  Then  with  the  point 
I  as  a  center,  and  a  radius  extending 
to  A,  Fig.  3,  draw  a  quarter-circle  to 
Fig.  4.    The  Ionic  Volute  line  x-2  produced,  with  a  as  a  center, 

continue  the  curve  until  it  intersects 
2-3  produced,  and  so  on.  The  centers  for  the  outer  curve  of  the  volute  are  at 
the  points  i,  2,  3,  4,  $,  6,  etc.  For  the  centers  for  the  inner  curve,  start  with  a 
point  one-third  the  way  from  i  to  5,  then  a  point  one-third  the  way  from  2  to  6, 
and  so  on. 

The  Corinthian  Order.  "The  three  distinguishing  characteristics  of  the 
Corinthian  order  (Fig.  5)  are  a  tall,  bell-shaped  capital,  a  series  of  small 
brackets  -called  modiluons,  which  support  the  cornice  instead  of  mutules,  in 
addition  to  the  dentils,  and  a  general  richness  of  detail  which  is  enhanced  by 
the  use  of  the  acanthus  leaf  in  both  capitals  and  modillions.  Here,  again,  the 
Attic  base  is  commonly  used,  but  sometimes,  especially  in  large  columns,  a 
base  is  used  which  resembles  Vignola's  Ionic  base,  except  that  it  has  two  beads 
between  the  scotias  instead  of  one,  and  also  a  lower  torus.  The  shaft  is 
fluted  like  the  Ionic  shaft,  with  twenty-four  semicircular  flutings,  but  thc>^ 
are  sometimes  filled  with  a  convex  molding  or  cable  to  a  third  of  their  height. 
Almost  all  the  buildings  erected  by  the  Romans  employ  the  Corinthian  order. " 
The  Composite  Order.  "The  composite  order  is  a  heavier  Corinthian, 
just  as  the  Tuscan  is  a  simplified  Doric.  The  chief  proportions  are  the  same  as 
in  the  Corinthian  order,  but  the  details  are  fewer  and  larger.  It  owes  its  name 
to  the  CAPrrAL,  in  which  the  two  lower  rows  of  leaves  and  the  cauucou  are 
the  same  as  in  the  Corinthian.  But  the  caulicoli  carry  only  a  stimted  leaf-bud, 
and  the  upper  row  of  leaves  and  the  sixteen  volutes  are  replaced  by  the  large 
echinus,  scrolls  and  astragal  of  a  complete  Ionic  capital.  Vignola's  com- 
posite entablature  differs  from  his  Ionic  chiefly  in  the  ^pe  and  size  of  the 
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DENTILS.    They  are  larger,  and  are  more  nearly  square  in  elevation,  ^eing  one> 
fifth  of  a  diameter  high  and  on^xth  wide,  the  intexdentil  being  one-twelfth, 

and  they  are  set  one-fourth  of 
a  diameter  apart,  on  centers. 
The  composite  capital  is  em- 
ployed in  the  Arch  of  Titus  in 
Rome,  and  elsewhere,  with  a 
Corinthian  entablature,  and  the 
BLOCK  CORNICE  occurs  in  the  so- 
called  TRONTISPIECE  ol  NciO, 
as  well  as  in  the  temple  at 
Athens,  in  connection  with  a 
Corinthian  capital." 

Egyptian  Style.*  The  archi- 
tecture of  the  ancient  Egyptians 
is  characterized  by  boldness  of 
outline,  solidity,  and  grandeur. 
The  principal  features  of  the 
Egyptian  style  of  architecture 
are:  uniformity  of  plan,  never 
deviating  from  right  lines  and 
angles;  thick  walls,  having  the 
outer  surface  slightly  deviating 
inwardly  from  the  perpendicular; 
the  whole  building  low;  roof  flat, 
composed  of  stones  reaching  in 
one  piece  from  'pier  to'  pier, 
these  being  supported  by  enor- 
mous colunms,  very  stout  in 
proportion  to  their  height;  the 
shaft  sometimes  polygonal,  hav- 
ing no  base,  but  with  a  great 
variety  of  handsome  capitals, 
the  foliage  of  these  being  of  the 
palm,  lotus  and  other  leaves: 
ENTABLATURES  having  slmply 
an  ARCHITRAVE,  cTowned  with  a 
huge  CAVETTO  ornamented  with 
sculpture;  and  the  intercolvm- 
NIATION  very  narrow,  usually 
iH  diameters  and  seldom  ex- 
ceeding 2H.  A  great  dissimi- 
larity exists  in  the  proportions 
forms  and  general  features  of  Egyptian  columns.  For  practical  use  the  column 
shown  in  Fig.  6  may  be  taken  as  a  standard  of  the  Egyptian  style. 
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Fig.  6.    An  Egyptian  Order.    Diameter  Divided 
into  Sixty  Parts 


LIGHTNING-CONDUCTORS 

Rules  for  the  Erection  of  Lightning-Condnctors.  The  following  rules 
for  the  erection  of  lightning-conductors  were  issued  in  1882  by  the  Department  of 
Explosives  of  the  English  Home  Office  to  the  occupiers  of  all  factories  and  maga- 

*  FkxMn  The  American  House  Caipentcr.  by  R.  G.  Hatfield. 
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zines  lor  explosives,  and  to  those  local  and  police  authorities  upon  whom  de- 
volves the  inspection  of  stores  of  explosives: 

(i)  Material  of  Ro4.  Copper,  weighing  not  less  than  6  oz  per  ft  run,  the 
electrical  conductivity  of  which  is  not  less  than  90%  of  that  of  pure  copper, 
either  in  the  form  of  rod,  tape,  or  rope  of  stout  wires,  no  individual  wire  being 
less  than  No.  12,  Birmingham  Wire-Gauge  (0.109  ^)  the  English  standard 
wire-gauge.  Iron  may  be  used,  but  should  not  weigh  less  than  aVi  lb  per  foot 
of  run. 

(a)  Jofaita.  Every  joint,  besides  being  well  cleaned  and  screwed,  scarfed, 
or  riveted,  should  be  thoroughly  soldered. 

(3)  Form  of  Points.  The  point  of  the  upper  terminal*  of  the  conductor 
should  not  have  an  angle  sharper  than  90*".  A  foot  below  the  extreme  point  a 
copper  ring  should  be  screwed  and  soldered  on  to  the  upper  terminal,  in  which 
ring  should  be  fixed  three  or  four  sharp  copper  points,  each  about  6  in  long. 
It  is  desirable  that  these  points  should  be  so  platinized,  gilded,  or  nickel-plated 
as  to  resist  oxidation. 

(4)  Number  and  Height  of  Upper  Terminals.  The  number  of  conductors  or 
upper  terminals  required  will  depend  upon  the  size  of  the  building,  the  nuiterial 
of  which  it  is  constructed,  and  the  comparative  height  above  ground  of  the 
several  parts.  No  general  rule  can  be  given  for  thb,  except  that  it  may  be 
assumed  that  the  space  protected  by  the  conductor  is,  as  a  rule,  a  cone,  the 
radius  of  whose  base  is  equal  to  the  height  of  the  conductor  from  the  ground. 

(5)  Corrature.  The  rod  should  not  be  bent  abruptly  around  sharp  comers. 
In  no  case  should  the  length  of  a  curve  be  more  than  half  as  long  again  as  its 
chord.  A  hole  should  be  drilled  in  string-courses  or  other  projecting  masonry, 
when  possible,  to  allow  the  rod  to  pass  freely  through  it. 

(6)  Insulators.  The  conductor  should  not  be  kept  from  the  building  by 
glass  or  other  insulators,  but  attached  to  it  by  fastenings  of  the  same  metal  as 
that  of  the  conductor  itself. 

(7)  Fixing.  Conductors  should  preferentially  be  taken  down  the  side  of 
the  building  which  is  most  exposed  to  rain.  They  should  be  held  firmly,  but 
the  holdfasts  should  not  be  driven  in  so  tightly  as  to  pinch  the  conductor  or 
prevent  contraction  and  expansion  due  to  change  of  temperature. 

(8)  Other  Metalwoik.  All  metallic  spouts,  gutter^  iron  doors,  and  other 
masses  of  metal  about  the  building  should  be  electrically  connected  with  the 
conductor. 

(9)  Barth-Coonection.  It  is  most  desirable  that,  whenever  possible,  the 
lower  extremity  of  the  conductor  should  be  buried  in  permanently  damp  soil. 
Hence,  proximity  to  rain-water  pipes  and  to  drains  or  other  water  is  desirable. 
It  b  a  very  good  plan  to  bifurcate  the  conductor  close  below  the  surface  of  the 
ground,  and  to  adopt  two  of  the  following  methods  for  securing  the  escape  of 
the  lightning  into  the  earth:  (a)  A  strip  of  copper  tape  may  be  led  from  the 
bottom  of  the  rod  to  a  gas  or  water-main  (not  merely  to  a  leaden  pipe),  if  such 
exist  near  enough,  and  be  soldered  to  it;  (6)  a  tape  may  be  soldered  to  a  sheet 
of  copper,  3  by  3  ft  by  Me  in  thick,  buried  in  permanently  wet  earth  and  siur- 
rounded  by  cinders  or  coke;  (e)  many  yards  of  copper  tape  may  be  laid  in  a 
trench  fiUoi  with  coke,  having  not  less  than  18  sq  ft  of  copper  exposed. 

(xo)  Protection  from  Theft,  etc.  In  places  where  there  is  any  likelihood  of 
the  copper  being  stolen  or  injured,  it  should  be  protected  by  being  enclosed 

*  The  upper  tennioal  is  that  portion  of  the  conductor  which  b  between  the  top  of  the 
edifice  and  the  point  of  the  conductor. 
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in  an  iron  gas-pipe,  reaching  lo  ft  (if  there  is  room)  above  ground  and  some 
distance  into  the  ground. 

(XI)  Painting.  Iron  conductors,  galvanized  or  not,  should  be  painted.  It  is 
optional  with  copper  ones. 

(xa)  Inspection.  When  the'  conductor  is  finally  fixed  it  should  in  all  cases 
be  examined  and  tested  by  a  qualified  person,  and  this  should  be  done  in  the 
case  of  new  buildings  after  all  work  on  them  is  finished.  Periodical  examina- 
tion and  testing,  should  opportunities  offer,  arc  also  very  desirable,  espiedally 
when  iron  earth-connections  are  emplojred. 

Lightning-Protection  for  High  Chimneys.  The  following  is  a  descrip- 
tion of  the  system  of  lightning-protection  *  for  the  radial-brick  chimney-stack, 
35©  ft  in  height,  for  the  plant  of  the  St.  Joseph  Lead  Company,  Herculaneum, 
Mo.    (See  article  on  Radial  Block  Chimneys,  page  1292.) 

Conductor.  The  conductor  used  is  of  commercially  pure  copper,  No.  i  x,  Brown 
&  Sharpe  gauge,  in  the  form  of  a  cable,  consisting  of  twenty-eight  wires,  seven 
strands,  four  wires  to  the  strand,  and  H  in  in  diameter,  ajo  552  drcular  mils. 
The  vertical  conductors  are  of  continuous  lengths  from  the  lop  of  the  chimney 
to  and  into  the  ground.  A  circuit-conductor  is  placed  5  ft  below  the  top  of 
the  chimney  and  connected  to  each  down-conductor  by  a  12-in  two-way  splice. 

Points.  The  air-terminals  are  eight  in  niunber  equally  spaced  around  the 
top  of  the  chimney,  and  consist  of  solid,  copper  bars  x  in  in  diam  and  10  ft  in 
length,  the  upper  12  in  tapering  to  a  point  and  covered  with  a  12-in  thimble  of 
genuine  platinum.  Air-terminals  extend  5  ft  above  the  top  of  the  stack  and 
the  lower  end  of  each  copper  bar  is  set  in  a  heavy  copper  T  coupler,  which  con- 
nects the  same  into  the  circuit-conductor.  Each  rod  is  held  in  place  by  hea\'y 
anchor-fasteners,  bolted  from  the  inside  of  the  stack.  These  anchors  are  en- 
cased in  copper  tubes  set  in  the  solid  masonry. 

Grounding.  At  a  point  below  the  ground-level  and  at  the  chiixmey-line, 
the  a>nductor  is  carried  in  a  downward  course  from  the  chimney,  in  a  trench 
bedded  in  charcoal,  to  a  point  5  ft  outside  the  foundation4ine.  An  additional 
conductor  is  spliced  into  the  main  cable  at  this  point,  forming  a  Y  i^nth 
branches  terminating  15  ft  apart.  Two  well-holes  are  bored  to  a  depth  of  ap- 
proximately 20  ft  into  permanent  moisture.  The  end  of  each  Y  conductor  is 
electrically  soldered  into  perforated,  copper  reservofrs  4Vi  in  in  diam  and  28  in 
in  length,  and  filled  with  pea-size  charcoal.  The  effect  of  the  reservoir  is  to 
give  the  required  amount  of  surface-contact  with  the  earth  and  to  insure  per- 
manent moisture  through  the  charcoal  by  capillary  attraction.  Each  main 
conductor  is  thus  groimded  in  two  places  instead  of  in  one  place. 

Lead  Covering.  To  preserve  the  conductor  system  against  deoompoaitba 
in  osone,  in  which  sulphuric  or  other  add  gases  may  exist,  all  of  the  conductor 
system  at  the  topb  and  to  a  point  75  it  below  the  top  of  the  chiixiney  is  covered 
with  lead  H  in  in  thickness.  Exception  is  made  to  the  pladnum-covered  12-in 
top  of  each  rod,  which  requires  no  lead  covering.  Where  splices  are  made  and 
anchor-fasteners  set,  the  whole  is  covered  with  lead  sleeves  or  hoods  thoroughly 
wiped  and  hermetically  sealed.  Connections  of  point-bar  T's  etc^  are  all 
soldered,  lead-covered  and  sealed.  Practical  experience  seems  to  show  that 
all  lightning-conductor  systems  on  chimneys  should  be  lead-covered  and 
hermetically  sealed  to  a  point,  approximately  as  ft  downward  from  the  top,  to 
protect  the  copper  against  decomposition,  not  necessarily  as  thick  as  on  this 
chimney,  but,  say,  Ms  in,  the  thickness  being  determined  by  the  size  and  usage 

*  Installed  by  the  Ajax  Conductor  and  Manuiactnring  Compaoy,  Chicago,  HL 

Digitized  by  VjOOQIC 


Automatic  Telephones  for  Intercommunicating  Service      10^ 

of  the  stack.  It  has  been  foimd  that  in  from  three  to  five  years  there  is  a  de- 
cided boneyoombing  of  the  copper,  through  the  action  of  the  sulphuric  and 
other  add  gases.  It  has  often  been  necessary  to  replace  points,  section9  of  cable, 
etc.,  entirely  eaten  away  from  this  cause. 


OnXKPHONES.     AUTOMATIC  TELEPHONES  FOB 
INTEECOMMUNICATING  SERVICE 

Description.  The  interphone  system  is  an  application  of  the  telephone  for 
interior  use.  It  is  an  automatic,  intercommunicating  sjrstem,  requiring  neither 
switchboard  nor  operator,  and  being  self-contained  within  the  walls  of  the  estab- 
lishment for  whose  benefit  it  has  been  installed. 

Advantages.  In  brief,  the  advantages  of  such  a  system  are  these:  (0  the 
mere  pressing  of  a  button  gives  a  person  telephone-connection  with  any  desired 
party,  without  the  loss  of  time  involved  in  first  callmg  up  a  third  party;  (2)  re* 
course  to  directory  or  information  bureau  b  made  unnecessary  through  the  use 
of  labels,  properly  inscribed,  on  the  face  of  the  instrument;  (3)  no  maintenance- 
expense  is  involved,  and  the  system,  consequently,  is  as  inexpensive  to  oi)erate 
as  an  electric  door-bell;  (4)  the  wiring-arrangement  is  such  that  the  system  may 
be  provided  for  when  the  original  plans  for  a  new  building  are  being  drawn  up, 
and  in  this  respect  it  does  not  differ  much  from  a  system  of  electric  lights  or 
plumbing. 

The  Use  of  Interphones  in  residences,  schools,  hospitals,  factories,  mills, 
offices,  stores  and  clubs  is  constant^  increasing.  The  same  general  features 
apply  to  all  of  these  types  of  installations,  and  in  practically  every  case  it  is 
the  simplicity  of  the  system  that  especially  recommends  it  for  service.  The 
interphone  usually  fits  in  where  formerly  call-bells,  speaking-tubes,  messenger 
service  and  other  inadequate  methods  were  the  rule.  The  interphone  field  of 
service  is  in  the  establishment  whose  needs  call  for  from  four  to  thirty-two 
telephone-stations.  When  there  are  more  than  thirty-two  the  installation  of  a 
private  telephone-exchange,  with  a  switchboard,  is  better  practice. 

TypM  of  Interphones.  There  are  several  types  of  interphones  for  varying 
degrees  of  service. 

(i)  The  most  familiar  instrument  is  a  wall-interphone,  of  the  non-vlusq 
TYPE.  The  telephone  is  of  metal,  with  connecting  buttons,  labels,  bells,  mouth* 
piece,  hook  and  receiver,  all  mounted  on  its  face.  This  instrument  b  to  be  at- 
tached directly  to  the  wall. 

(2)  The  FLUSH  TYPE  rcsembles  the  first-mentioned  t3rpe  in  every  particular 
but  the  one  implied  in  its  title.  The  instnunent  is  mounted  into  the  wall,  with 
Its  face  flush  with  the  rest  oi  the  wall-surface.  These  two  instruments  are  most 
popular  for  installation  in  dub-hallways,  in  stores  and  factories,  in  residences, 
and  in  all  places  where  wall-telephones  would  ordinarily  be  used.  Bu^  offices 
and  stores  often  employ  variations  of  types  (1)  and  (2)  and  use  a  desk-set,  a 
separate  instrument  taking  care  of  the  connecting  buttons  and  labels  or  a  hani>- 

SET. 

(3)  The  DESK-STAND  telephone  is  of  the  type  often  used  for  local  and  long- 
distance service.  Connected  with  it  is  a  metal  box  containing  the  rows  of 
buttons  and  labels,  each  label  being  opposite  the  button  through  which  is  se- 
cured connection  with  the  corresponding  station.  The  telephone  in  this  case 
stands  on  the  desk,  and  the  key-box  is  conveniently  close  at  hand,  either  on  the 
desk  or  on  the  waU. 
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(4)  Some  prefer  for  this  service  the  hand-set,  with  the  receiver  and  trans- 
mitter in  one  piece.  This  is  a  convenient,  compact  instrument,  well  fitted  for 
use  in  an  .office. 

(5)  From  two  to  six  instnunents  of  still  another  type  make  up  a  pakty-line 
INTERPHONE  SYSTEic.  Here  there  are  no  connecting  buttons,  the  principle  in- 
volved being  the  same  as  that  of  the  elementary,  fanners'  line.  Tliis  makes  a 
convenient  private-line  system  for  a  small  residence,  and  is  appropriate  for  a 
house-to-garage  circuit. 

Variationt  from  Standard  Types.  There  are  systems  with  variations  from 
the  standard  types.  Many  schools  are  using  a  combination  of  interphones  of 
type  (i)  or  (2)  with  (s).  In  the  principal's  oflSce  is  an  instrument  of  type 
(i)  or  (2)  with  a  connecting  button  for  each  outside  station,  while  the  class- 
room-telephones are  all  of  type  (5).  With  this  system  the  principal  can  at 
any  time  call  up  any  teacher;  but  a  teacher  can  call  up  another  classroom 
only  through  the  medium  of  this  uaster-station,  which  acts  as  a  sort  of  ex- 
chsmge.  The  advantages  of  this  arrangement  for  a  school  are  obvious.  In  a 
hospital  the  instruments  are  usually  placed  outside  of  the  more  important 
operating-rooms  and  wards  and  in  the  offices  and  reception-rooms. 

Wiring  and  Batteries.  All  wiring  is  enclosed  in  cables.  Energy  is  obtained 
from  dry  cells.  The  only  maintenance-expense  connected  with  an  interphone 
system  is  the  occasional  renewal  of  these  batteries. 

TACUUM-CLEANINO 

General  Description.  Vacuum-deaners  are  appliances  which  have  come 
into  use  during  recent  years  and  which  are  for  the  purpose  of  removing  dirt 
and  dust  from  rooms  of  buildings,  cars,  steamships,  etc.,  or  from  furniture, 
carpets,  curtains,  or  other  interior  fittings.  The  dust  and  dirt  are  removed  by 
suction  and  the  apparatus  consists  of  an  air-pump  which  is  arranged  to  draw 
the  air  and  the  dirt  or  dust  contained  in  it  through  pipe  and  nozzle.  This 
nozzle  is  drawn  or  passed  over  the  surfaces  which  are  to  be  cleaned.  Screens 
of  muslin  or  other  appropriate  cloth  are  used  to  separate  by  filtration  the  dust 
and  dirt  which  are  borne  along  with  the  stream  of  air;  and  in  some  tj^ies  of 
apparatus  this  process  is  assisted  by  what  are  called  baffle-plates  which  are  added 
to  make  the  heavier  particles  of  dust  drop  by  their  own  weight  to  the  lower 
part  of  the  receptacle  placed  to  receive  them.  About  the  year  1890  compressed 
air  was  used  for  the  first  time  in  railroad-cars  for  purposes  of  cleaning  and  dust- 
removal.  There  were  serious  objections  to  this  method  of  cleaning,  however, 
as  it  was  foimd  that  the  jets  of  compressed  air  blew  out  the  dust  and  dirt  in  such 
a  way  that  it  was  difficult  to  arrange  for  their  collection  and  retention;  the 
principle  of  suction  was  consequently  introduced  to  overcome  these  difficulties. 

Types  of  Vacuum-Cleaners.  The  machines  belonging  to  the  earliest  types 
usually  consist  of  a  pump,  the  motor-power  of  which  is  cither  a  gas-engine  or  an 
electric  motor,  the  machines  being  portable.  They  can  be  moved  about  from 
one  building  to  another  as  occasion  demands.  Cleaners  of  the  next  type  intro- 
duced involve  an  installation  in  the  basement  or  lower  part  of  a  building  and  a 
fixed  and  permanent  position.  From  the  central  plant  pipes  are  run  to  various 
'  rooms  and  apartments  and  are  fitted  in  such  rooms  or  apartments  or  in  adjacent 
halls  or  corridors,  with  valves  to  which  are  attached  the  hose  with  the  deantng- 
appliances  at  the  end.  In  some  cases  this  vacuum-arrangement  is  combined 
with  another  for  washing  floors,  the  secondary  system  including  a  second  set  of 
pipes  from  a  tank  filled  with  soap  and  water.  Compressed  air  is  employed  to 
spray  the  latter  over  the  floor,  and  both  dirt  and  water  are  finally  removed 
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through  pipes  to  the  street-sewers.  A  portable  tank  is  used  for  the  soap  and 
water.  Vacuum-cleaners  of  a  third  type  consist  of  small  machines  which  take 
the  place  of  the  brooms  and  dusters  or  are  used  in  connection  with  them.  They 
are  now  very  generally  used  and  may  be  driven  by  an  electric  motor,  by  foot,  or 
by  hand.  These  last-mentione^,  smaller,  portable  cleaners  are  used  for  many 
other  purposes  than  the  ordinary  cleaning  of  rooms  and  furniture. 

DettflB  and  Spedflcationt  for  Vactttun-Cleaning  Installations.  Com- 
plete plans  and  specifications  for  the  installation  of  a  vacuum-cleaning  plant  for 
a  building  may  be  obtained  from  any  of  the  numerous  manufacturers  making 
such  apparatus  and  taking  contracts  to  put  it  in  place.  There  are  several  types 
of  madiines  and  systems  of  installation  and  detailed  descriptions  would  exceed 
the  Hmxts  of  space  in  this  handbook. 

WATERPROOFING  FOR  FOUNDATIONS* 

The  Waterproofing  of  Substnicture  Work  is,  comparatively  speaking,  a 
modem  branch  of  engineering.  It  is  only  within  recent  years  that  it  has  become 
necessary  to  construct  deep  basements  for  buildings.  In  the  past,  the  more 
important  structures,  such  as  cathedrals,  capitols,  state-buildings  and  the  like, 
were  usually  built  upon  high  grotmd,  and  water  was  prevented  from  entering 
the  basements  of  such  buildings  by  means  of  drainage.  Waterproofing,  as  we 
now  know  it,  was  generally  unnecessary.  With  the  advent  of  the  so-called  sky- 
scrapers, however,  requiring  large  mechanical  plants,  deep  basements  became 
an  actual  necessity,  and  as  these  basements  are  usually  carried  below  ground- 
water level,  and  in  many  instances  below  tide-level,  the  question  became  one  of 
utmost  importance.  Like  almost  every  detail  of  a  modem  building,  water- 
proofing is  a  specialty.  Each  building  presents  its  own  problems,  and  the  safest 
plan  is  to  leave  the  solution  of  these  problems  to  some  one  expert  in  the  knowledge 
of  waterproofing  who  has  made  it  a  special  study  and  knows  how  best  to  over- 
come the  existing  difBculties.  It  may  be  laid  down  as  an  invariable  rule  that, 
where  conditions  are  at  all  serious,  the  owner  or  the  general  contractor  will 
save  money  in  the  long  run  if  he  employs  the  services  of  ah  expert  waterproofer 
to  place  his  waterproofing-seal,  regardless  of  the  method  he  wishes  to  use. 

Pressure-Resistance  Versus  Waterproofing.  In  waterproofing  large  base- 
ments where  actual  pressure  exists,  it  is  a  question  for  the  engineer  to  decide 
whether  it  is  more  economical  to  attempt  to  secure  an  absolute  PRESSuas-jOB 
or  a  WATER-PROor  job  in  connection  with  a  drainage  system.  As  a  general 
rule,  it  may  b^  stated  that  where  a  building  is  generating  its  own  power,  it  is 
more  economical  to  use  a  drainage  system  with  an  open  sump  than  to  construct 
a  pressure-cellar,  the  cost  of  pumping  being  much  less  than  the  interest  charges 
on  the  cost  of  a  floor-slab  sufficiently  strong  to  withstand  the  pressiure. 

Waterproofing  Concrete  Foundations.  The  three  following  subdivisions 
of  this  subject,  discussing  the  causes  of  permeability  of  concrete,  the  addition  of 
substances  to  render  it  more  water-proof,  and  the  treatment  of  its  surfaces  to 
make  it  less  permeable,  embody  the  conclusions  of  Committee  D-8  of  the  Amer- 
ican Society  for  Testing  Materials.!  This  conmiittee,  since  its  organization  in 
1905  has,  through  laboratory-tests  and  experiments,  together  with  examinations 
of  work  during  construction  and  after  completion,  as  well  as  the  study  of  liter- 
ature on  the  subject,  sought  to  secure  sufficient  information  to  enable  it  to  for- 

*  For  foundations  in  general  see  Chapter  11. 

t  Thb  article,  to  the  middle  of  page  1633,  is  the  substance  of  a  preprint  of  the  Report 
submitted  to  the  American  Society  for  Testing  Matexials  at  its  meeting,  June  24-28, 
1913,  at  which  meeting  it  was  fonaaUy  accepted. 
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mulate  definite  methods  for  securing:  water-proof  ooncrete  stractures.  Hie  woric 
of  the  committee  was  complicatcxi  by  reason  of  the  facts  that  there  seemed  to  be 
so  little  concordaaoe  between  results  of  tests  obtained  under  laboratoiy-ooixii- 
tions  and  in  the  field  and  that  it  was  necessary  to  extend  its  invesUsatioBS  over 
a  period  of  years  in  order  to  determine  the  prrmanency  of  the  action  noted.  The 
committee  reported  that  while  it  had  not  been  able  to  arrive  at  sufficiently  definite 
conclusions  to  enable  it  to  formulate  spedficatigna  for  the  making  of  ooncrete 
structures  water-proof  or  for  materials  to  be  used  b  such  work,  it  had  reached 
certain  general  conclusions  which  might  be  of  assistance  to  the  constructor  in 
securing  the  desired  result  of  impermeable  concrete.  Early  in  the  investigation, 
the  work  was  found  to  subdivide  naturally  into  three  branches,  and  the  con- 
clusions reached  will  be  grouped  in  order  under  these  subdivisions,  which  are: 

(i)  The  determination  |of  causes  of  the  permeability  of  concrete  as  usually 
made  from  mixtures  of  Portland  cement,  sand  and  stones  or  other  coarse  aggre- 
gate, in  proportions  of  from  r  of  cement,  2  of  sand  and  4  of  stone,  to  x  of 
cement,  3  of  sand  and  6  of  stone,  and  the  best  methods  of  avoidhig  these 


(2)  The  rendering  of  concrete  more  water-prool  by  adding  to  ordinary  mix- 
tures of  cement,  sand  and  stone,  other  substances  which,  either  by  their  void- 
filling  or  repellent  action,  would  tend  to  make  the  ooncrete  less  permeable. 

(3)  The  treatment  of  exposed  surfaces  after  the  concrete  or  mortar  has  been 
put  in  place  and  hardened  more  or  less,  either  by  penetrative,  void-filling  or 
repellent  liquids,  making  the  ooncrete  itself  less  permeable;  or  by  extraneous 
protective  coatings,  preventing  water  hrom  having  access  to  the  concrete. 

Considering  these  several  subdivisions  separately  and  in  the  order  named,  the 
committee  arrives  at  the  following  conclusions: 

(x)  Causes  of  Permeability  of  Concrete.  In  the  laboratory  and  under  test- 
conditions  where  properly  graded  and  sized  coarse  and  fine  aggregates  are 
used,  in  mixtures  ranging  from  i  of  cement,  2  of  sand  and  4  of  stone,  to  i  of  ce- 
ment, 3  of  sand  and  6  of  stone,  impermeable  concrete  can  invariably  be  pro- 
duced. Even  with  sand  of  poor  granulometric  composition,  with  mixtures  as 
rich  as  I  of  cement,  2  of  sand  and  4  of  stone,  permeable  concrete  is  sddom,  if 
ever,  found  and  is  a  rare  occurrence  with  mixtures  of  i  of  cement,  3  of  sand 
and  6  of  stone.  But  the  fact  remains,  nevertheless,  that  the  reverse  often  ob- 
tams  in  actual  construction,  permeable  concretes  being  encountered  even  with 
mixtures  of  i  of  cement,  2  of  saftd  and  4  of  stone  and  are  of  frequent  occurrence 
where  the  quantity  of  the  aggregate  is  increased.  This  the  committee  attributes 
to: 

(a)  Defective  workmanship,  resulting  from  improper  proportioning,  lack  ci 
thorough  mixing,  separation  of  the  coarse  aggregate  from  the  fine  aggregate  and 
cement  in  transporting  and  placing  the  mixed  concrete,  lack  of  density  through 
Insufficient  tamping  or  spading,  improper  bonding  of  work-jointSk  etc 

(b)  The  use  of  hnperiectly  sized  and  graded  aggregates. 

(c)  The  use  of  excessive  water,  causing  shrinkage-cracks  and  formation  of 
laitance-seams. 

(d)  The  kck  of  proper  provision  to  take  care  of  expansion  and  contraction, 
causing  subsequent  cracking. 

Theoretically,  none  of  these  conditions  should  prevail  in  properly  designed  and 
supervised  work,  and  they  are  avoided  in  the  laboratory  and  in  the  field,  under 
test-conditions,  where  speed  of  constnu:tion  and  cost  are  negligible  items,  instead 
of  being  governing  features  as  they  must  be  in  actual  construction.  Properly 
graded  sands  and  coarse  aggregates  are  rarely,  if  ever,  found  in  nature  in  sufficient 
quantities  to  be  available  for  large  construction,  and  the  effect  of  poorly  graded 
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aggregates  in  produdng  permeable  concrete  is  aggravated  by  poor  and  (ntffldsnt 
field-work.  Even  if  the  added  expense  of  screening  and  remixing  the  aggte* 
gates  could  be  afforded,  so  as  to  secure  proper  granuiometric  oomposttion  to 
give  the  density  required  to  make  untreated  concretes  impermeable,  it  it  seem- 
ingly often  a  commercial  impo^bility  on  large  construction  to  obtain  mutk* 
manship  even  approximating  that  found  in  laboratory-work. 

(a)  Addidoa  of  Foreign  dobatancea  to  Cement  Before  or  Dttting  mxhiM.  The 
committee  finds  that  in  consequence  of  the  conditions  outlined  above,  tub* 
stances  calculated  to  make  the  concrete  more  impermeable,  either  incorporated 
in  the  cement  or  added  to  the  concrete  during  mixing,  are  often  ilsed.  Thia 
has  resulted  in  the  development  and  placing  on  the  market  of  numerous  patented 
or  proprietary  waterproofing-compounds,  the  composition  of  which  is  more  or 
less  of  a  trade-secret.  ViThile  it  has  been  Impossible  for  the  oottmittee  to  tnt  all 
of  the  special  waterproofing-oompounds  being  placed  on  the  market,  it  has 
investigated  a  stifiicient  number  of  these,  as  mVL  as  the  use  of  certain  very  finely 
divided,  naturally  occurring  or  readily  obtainable  commercial  mineral  products, 
such  as  finely  ground  sand,  ooUoidal  clays,  hydrated  lime,  etc.,  to  form  a  general 
idea  of  the  value  of  the  different  types.    The  committee  finds: 

(a)  That  the  majority  of  patented  and  proprietary  integral  compounds  tested 
have  little  or  no  immediate  or  permanent  effect  on  the  permeability  of  concrete 
and  that  some  of  these  even  have  an  mjurious  effect  on  the  strength  of  mortar 
and  concrete  in  which  they  are  incorporated. 

(b)  That  the  permanent  effect  of  such  integral  waterproofing-additions,  if 
dependent  on  the  action  of  organic  compounds,  is  very  doubtful. 

(c)  That  in  view  of  their  possible  effect,  not  only  upon  the  early  strength, 
but  also  upon  the  durability  of  concrete  after  considerable  periods,  no  integral 
waterproofing-material  should  be  used  unless  it  has  been  subjected  to  long-time 
practical  tests  under  proper  observation  to  demonstrate  its  value,  and  unless 
its  ingredients  and  the  proportion  in  which  they  are  i>resent  are  kiiown^ 

(d)  That  in  general,  more  desirable  results  are  obtainable  from  inert  oom< 
pounds  acting  mechanically,  than  from  active  chemical  compounds  whose 
efficiency  depends  on  change  of  form  through  chemical  action  after  addition  to 
the  concrete. 

(e)  That  void-fining  substances  are  more  to  be  relied  upon  than  those  whose 
value  depends  on  repellent  action. 

(0  That,  assuming  average  quality  in  sising  of  the  aggregates  and  reasonably 
good  worimumship  in  the  mixing  and  placing  of  the  concretes,  the  addition  of 
from  to  to  ao%  of  very  finely  divided  void-filling  mineral  substances  may  be 
expected  to  result  in  the  production  of  concrete  which,  under  ordinary  conditions 
of  exposure,  will  be  found  impermeable,  provided  the  work-joints  are  properly 
bonded,  and  cracks  do  not  develop  on  drying,  or  through  change  in  volume  due 
to  atmospheric  changes,  or  by  settlement. 

(a)  Sxtemal  Treatment.  While  external  treatment  of  concrete  would  not 
be  necessary  if  the  concrete  itself,  either  naturally  or  by  the  addition  of  waters 
proofing-material,  was  impermeable  to  water,  it  has  been  found  in  practice  that 
in  large  construction,  no  matter  how  carefully  the  concrete  itself  has  been  made^ 
cracks  are  apt  to  develop,  due  to  shrinkage  in  drying  out,  expansion  and  conlriO' 
tion  under  change  of  temperature  and  moisture-content,  and  through  settle- 
ment. It  is,  therefore,  often  advisable  in  important  construction  to  anticipate 
and  provide  for  the  possible  occurrence  of  such  cracks  by  external  treatment 
with  a  protective  coating-  Such  coating  must  be  sufficiently  elastic  and  cohesive 
to  prevent  the  cracks  extending  through  the  coating  itself.  The  application  of 
m^ely  penetrative  void^fiUing  liquid  washes  will  not  prevent  the  passage  of 
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water  due  to  cracking  of  the  concrete.    The  committee  ha\  therefore^  oonnd- 
ered  surface-treatment  under  two  heads: 

(a)  Penetrative  void-filling  liquid  washes. 

(b)  Protective  coatings,  including  all  surface-applications  intended  to  prevent 
water  coming  in  contact  with  the  concrete. 

Penetratiye  Washes.  While  some  penetrative  washes  may  be  efficient  in 
rendering  concrete  water-proof  for  limited  periods,  their  efficiency  may  decrease 
with  time  and  it  may  be  necessary  to  repeat  such  treatment.  Some  of  these 
washes  may  be  objectionable,  due  to  discoloring  the  surface  to  which  they  are 
applied.  The  committee,  therefore,  believes  that  the  first  effort  should  be  made 
to  secure  a  concrete  that  is  impermeable  in  itself  and  that  penetrative  void- 
filling  washes  should  only  be  resorted  to  as  a  corrective  measure. 

Protective  Coatiiiga.  While  protective  extraneous  bituminous  or  asphaltic 
coatings  are  unnecessary,  so  far  as  the  migor  portion  of  the  surface  of  the  con- 
crete is  concerned,  provided  the  concrete,  either  in  itself  or  through  the  addition 
of  integral  compoimds,  is  made  impermeable,  they  are  valuable  as  a  protectioQ 
where  cracks  develop  in  a  structure.  It  is  therefore  recommended  that  a  com- 
bination of  inert  void-filling  substances  and  extraneous  waterproofing  be  adopted 
in  eqjedally  difficult  or  important  work. 

Bitominoiu  or  Aiphaltic  Coatingi.  Considering  the  use  of  bituminous  or 
asphaltic  coatings,  the  committee  finds: 

(a)  That  such  protective  coatings  are  often  subject  to  more  or  less  deteriora- 
tion with  time,  and  may  be  attacked  by  injurious  vapors  or  deleterious  substances 
in  solution  in  the  water  coming  in  contact  with  them. 

(b)  That  the  most  effective  method  for  applsring  such  protection  is  either  the 
setting  of  a  course  of  impervious  brick  dipped  in  bituminous  material  into  a  solid 
bed  of  bituminous  material,  or  the  application  of  a  sufficient  number  of  layers  of 
satisfactory,  membranous  material  cemented  together  with  hot  bitumen. 

(c)  That  their  durability  and  efficiency  are  very  largely  dependent  on  the  care 
with  which  they  are  applied.  Such  caie  refers  particular^  to  proper  cleaning 
and  preparation  of  the  concrete  to  insure  as  dry  a  surface  as  possible  before  appli- 
cation of  the  protective  covering,  the  lapping  of  all  joints  of  the  membranous 
layers,  and  their  thorough  coating  with  the  protective  material.  The  use  of 
this  method  of  protection  is  further  desirable  because  proper  bituminous  cover- 
ings offer  resistance  to  stray  electrical  currents,  the  possible  attack  from  which 
is  referred  to  in  succeeding  paragraphs. 

Rich  Mixtures.  So  far,  the  committee  has  considered  only  concretes  of  the 
usual  proportions,  namely,  those  ranging  from  i  of  cement,  2  of  sand  and  4  of 
stone,  to  I  of  cement,  3  of  sand  and  6  of  stone.  It  has  been  suggested  that  im- 
permeable concretes  could  be  assured  by  using  mixtures  considerably  richer  in 
cement.  While  such  practice  would  probably  result  in  an  immediate  impenme^ 
able  concrete,  it  is  believed  by  niany  that  the  advantage  is  only  tcmporaiy,  as 
richer  concretes  are  more  subject  to  check-cracking  and  are  less  constant  in 
volume  under  changes  of  conditions  of  temperature,  moisture,  etc.  Therefore, 
the  use  of  more  cement  in  mass-concrete  would  cause  increased  cracking,  unless 
some  means  of  controlling  the  expansion  and  contraction  is  discovered.  With 
reinforced  concretes  the  objection  is  not  so  great,  as  the  tendency  to  cracking 
is  more  or  less  counteracted  by  the  reinforcement. 

Fine  Floiir  Miztnrea.  It  has  also  been  suggested  that  the  presence  hi  the 
cement  of  a  larger  percentage  of  very  fine  flour  might  result  in  the  production  of 
a  denser  and'  more  impermeable  concrete,  through  the  formation  of  a  larger 
amount  of  colloidal  gels.  Neither  of  these  suggestions  has  been  especially  in- 
vestigated by  the  committee.    Both  appeal  to  the  committee,  however*  for  the 
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reason  that  they  substitute  active  cementitious  substances  for  the  larsely  in- 
active void-filling  materials  previously  recommended,  thus  increasing  the  strength 
of  the  concrete. 

Character  of  Workmanship.  In  conclusion,  the  committee  would  point  out 
that  no  addition  of  waterproofing-compounds  or  substances  can  be  relied  upon 
to  completely  counteract  the  efifect  of  bad  workmanship,  and  that  the  produc- 
tion of  impermeable  concrete  can  only  be  hoped  for  where  there  is  determined 
insistence  on  good  workmanship. 

SaUne  Waters.  Blectriesl  Actiott.  The  production  of  unpermeable  concrete 
has  asuumfd  greater  importance  since  the  appointment  of  this  committee, 
owing  to  the  well-known  injurious  action  of  saline  or  alkaline  waters  and  to  the 
suggested  possible  effect  of  the  moisture  in  concrete  occasioning  or  aggravating 
electrical  action  from  stray  currents.  Originally,  the  question  of  waterproofing 
involved  mainly  the  physical  troubles  resulting  from  water  passing  through 
concrete  without  any  special  consideration  of  its  effect  on  its  diunbility,  other 
than  a  gradual  leaching  out  of  the  cement.  Recent  developments  suggest  the 
possibility  that,  owing  to  the  increased  conductivity  of  damp  concrete  to  elec- 
trical currents,  such  currents,  if  present,  may  so  affect  damp  concrete  as  to  seri- 
ously lessen  its  integrity;  and  this  possibility  further  emphasizes  the  importance 
of  the  recommendation  that  no  waterprooCbig-oompound  of  unknown  chemical 
composition  be  added  to  concrete,  as  recent  tests  seem  to  show  that  the  action  of 
electrical  currents  is  aggravated  by  the  presence  of  certain  solutions. 

Waterproofing  by  External  Linings  of  Brick,  Tar,  or  Asphalt,  and  Felt. 
The  oldest  method  of  waterproofing  is  the  one  involving  the  use  of  a  tar-and-felt 
or  asphalt-and-felt  seal  (Fig.  1).  Thb  consists  of  building  first  a  supporting 
wall  and  a  supporting  concrete  slab  to  hold  the  seal.  On  the  floors,  this  slab 
is  usually  composed  of  concrete,  4  in  thick.  The  walls  are  generally  of  brick 
from  4  to  8  in  thick,  but  occasionally  4-in  terra-cotta  tiles  are  used.  Upon  this 
base  a  swabbing  of  tar  or  asphalt  is  placed  and  before  this  has  become  cold  or 
set,  one  thickness  of  paper,  saturated  with  coal-tar,  is  laid.  Thi^  paper  receives 
a  swabbing  of  coal-tar  and  asphalt  and  another  layer  of  paper  is  placed,  the 
operation  being  continued  tmtil  there  are  three  or  more  layers  of  paper  with 
four  or  more  swabbings  of  the  tar  or  asphalt.  For  damp-proof  work,  three  layers 
of  paper  with  four  swabbings  of  tar  are  usually  sufficient.  For  waterproofing- 
work  not  less  than  five  and  usually  six  layers  of  paper  with  from  six  to  seven 
swabbings  of  tar  are  used.  The  main  walls  of  the  structure  are  then  built  against 
the  wall-waterproofing,  and  after  these  are  in  place,  the  main  concrete  basement- 
floor  is  laid  immediately  on  top  of  the  floor-seal,  the  idea  being  to  form  a  con- 
tinuous ¥niter-proof  seal  enveloping  the  entire  basement  below  grade.  The 
difficulties  of  this  system  consist  chiefly  in  securing  perfect  hips  at  all  points  in 
the  work,  and  unless  extreme  care  is  used  and  unless  there  is  perfect  codperation 
between  the  waterproofer  and  the  mason-contractor,  there  is  apt  to  be  a  break 
somewhere  in  the  seal,  usually  where  the  wall-waterproofing  is  supposed  to  be 
joined  to  the  floor-work.  The  disadvantages  of  this  system  are  due  to  the  fact 
that  the  seal  b  not  permanent  in  all  soils  as  the  subsurface  water  frequently 
contams  adds  which  destroy  the  seal.  Then  again,  the  seal  may  be  easily 
punctured  by  the  mason-contractor  in  building  his  wall  against  it  or  in  laying 
the  concrete  flo<x-  upon  the  flat  work.  The  chief  disadvantage,  however,  is  that 
the  waterproofing-seal  is  invariably  buried  behind  a  mass  of  masonry,  either 
brick  or  concrete,  which  means  that  should  there  be  a  leak,  due  to  either  care- 
lessness or  accident,  through  the  waterproofing-seal,  it  is  frequently  impossible 
to  stop  it.  It  not  infrequently  happens  that  when  a  leak  has  developed  in  tar- 
and-felt  work,  the  actual  presence  of  the  water  does  not  show  opposite  the  leak. 
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but  following  some  line  of  least  resistance,  appears  from  50  to  100  ft.  or  more, 
away  from  where  the  actual  damage  causing  the  leak  occurs.  In  actual  water- 
proofing work  it  is  seldom  attempted  to  secure  a  bottle-tight  job  with  tar  and 
felt.  Instead,  some  system  of  drainage  is  installed  beneath  the  water-proof 
seal  which  is  on  the  floors  of  the  building,  and  the  water  is  conducted  through  tile 
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Fig.  1.*    Felt-Waterproofing  for  Fouodationa 

or  other  pipes  to  some  central  sump  from  which  it  is  mechanically  pumped  to 
a  sewer.  The  purpose  of  the  waterproofing  in  this  case,  therefore,  is  to  con- 
centrate or  drive  the  water  to  this  sump.  For  shallow  cellars  and  e^)edally 
dampproofing-work,  this  tar-and-felt  method  is  the  most  economical  and  most 
frequently  employed. 

Waterproofing  by  Coating  with  Water-Proof  Cement  For  deep  and 
difficult  work  a  comparatively  new  method  of  waterproofing  is  often  used 
(Fig.  2).  This  consists  of  placing  a  coating  of  water-proof  cement  upon  the 
interior  surface  of  the  exterior  walls  of  the  building  and  over  the  upper  surface 
of  the  concrete  floor-slab  in  the  basement  or  subbasement.  Fig.  3  shows  a 
foundation  for  an  engine,  the  concrete  being  waterproofed  as  shown.  The  pit 
is  made  somewhat  larger  than  the  foundation,  the  extra  space  being  filled  in 
with  cinders,  dry  bricks  of  terra-cotta  blocks,  which  may  be  readily  removed 
to  allow  access  to  the  bed-plate  bolts  for  which  hand-holes  have  been  cast  in 
the  concrete,  thus  permitting  the  complete  removal  of  the  engine.    The  figure 

*  Reproduced,  by  permission,  from  a  pamphlet  published  by  The  \</aterproofing  Com- 
pany. New  York,  and  showing  the  greater  thickness  of  walls  and  floor  required  for  the 
outside-surface  brick-and-felt  method  of  waterproofing  as  compared  with  the  inside- 
surfaee  waterproof -cement  coating.  Taken  from  design  for  waterproofing  in  a  pfomineiit 
New  York  building.    See,  abo,  Fig.  2. 
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shows  a  2-m  sand  cushion  and  a  2-m  layer  of  planks  under  the  engine-foundation. 
This  is  not  a  part  of  the  waterproofing  but  is  put  in  to  prevent  the  communica- 
tion of  vibration.  Fig.  4  shows  reinforced-concrete  floors  for  an  engine-room 
and  boiler-room,  the  concrete  slab  being  X2  in  thick  under  the  former  and  24  in 


Fig.  2.*    Cement  Watexproofiag  for  Foundations 

thick  imder  the  latter.  Both  floors  are  covered  with  a  z-in  course  of  water-proof 
cement.  The  reinforcement  is  put  in  as  shown  and  in  sizes  and  spacing  as 
follows: 


X2-in  slab 

24-in  slab 

Rods  in  two  courses 

Rods  in  three  courses 

Lower  nxls,  4  in  on  centexB,  6  in  irom 

Lowest  roda,  3  in  on  centers,  12  in  from 

Budace 

surface 

Intermediate  rods,  3  in  on  centers,  7  in 

sudace 

from  surface 

For  five  rods,  total  area  of  cross-section 

is  a7Q3  sq  in;  per  square  foot  of  suiv 

surface 

face,  2,39  lb 

For  ten  rods,  total  area  of  cross-section, 

1.4  sq  in;  per  square  foot  of  surface. 

4.781b 

•  From  a  pamphlet  published  by  The  Waterproofing  Company,  New  York,  and  show- 
ing reduced  total  thickness  of  walls  and  floor  required  for  the  inaide-sutface  water-proof 
cement  method  d  waterproofing.  Taken  irom  design  for  waterproofing  of  the  same 
building  shown  in  Fig.  1.    The  walls  and  floors  were  put  in  place  in  the  monoUthic  form 
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There  ue  many  compounds  advertised  to  make  cement  or  concrete  water-pcoof. 
Besides  these,  there  are  water-proof  cements  manufactured  by  secret  proceaaes 
and  applied  by  companies  that  make  a  specialty  of  waterproofing.  Sooae  of 
the  many  waterproofing-compounds  have  merit;   but  the  main  factors  of   a 


Fig.  3.*    Engme-foundation  with  Water-proof  Cement 

successful  job  of  waterproofing  are  the  skill  and  experience  of  the  waterproofers 
who  do  the  work.  It  is  claimed  that  to  apply  cement  waterproofing  so  as  to 
obtain  efficient  results  requires  more  skill  than  to  apply  a  tar-and-felt  seal;  but 
a  cement  waterproofing,  once  properly  applied,  seems  to  possess  some  advantages 


Reinf orced-coocrete  Floor  with  Wateri»roof  Cement 


over  the  older  method  of  tar  and  felt.  One  advantage  is  that  the  waterproofing 
is  accessible,  and  that  if  any  leaks  devebp,  they  are  apparent  and  can  be  readily 
and  economically  repaired  by  cutting  out  the  okl  waterproofing  and  pUdng 
a  new  coating  where  the  damage  exists.  Another  advantage  claimed  is  that 
cement  waterproofing  is  generally  permanent  and  not  damaged  by  the  ordinary 

*  Reproduced  by  pemiiHioo  of  The  Waterproofing  Campany,  New  Yock. 
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adds  found  in  solution  with  water  in  soil.  By  the  cement  method  the  cx>st  of 
the  brick:  supporting  walls  and  the  concrete  supporting  slab  is  eliminated  as  is 
also  the  corresponding  cost  of  the  necessary  excavation  for  them;  and  finally, 
the  waterproofing  on  the  floor  serves  the  double  purpose  of  waterproofing  and 
wearing-surface,  thus  saving  the  cost  of  the  cement  finish  usually  found  in 
basements^ and  subbasements.  One  of  the  disadvantages  of  cement  water- 
proofing is  that  the  material  is  rigid  and  is  fractured  by  any  settlement  of  the 
building  or  contraction  in  the  concrete  upon  which  it  is  placed.  Experience  has 
shown,  however,  that  settlement-cracks  usually  take  place  before  the  water- 
proofing contractor  has  left  the  builcfing  and  that  there  is  little  or  no  trouble 
from  these  causes  after  his  work  is  completed.  Contraction-cracks  in  concrete, 
however,  seem  to  develop  at  any  time  within  twenty-four  months  after  concrete 
has  been  placed.  In  order  to  prevent  these  cracks,  users  of  the  cement  water- 
proofing have  adopted  a  system  of  reinforcement  in  the  concrete,  and  it  is  claimed 
that  this  reinforcement  is,  in  the  long  run,  an  economy,  as  it  permits  of  less  con- 
crete and  gives  a  better  and  stronger  floor  or  wall.  On  brick  and  stone  walls 
no  trouble  is  experienced  from  contraction  and  expansion.  It  should  be  re- 
membered that  this  work  is  aU  below  grade  where  contraction  and  expansion 
are  reduced  to  a  minimum,  regardless  of  the  materials  used. 

Waterproofing  by  Adding  Substances  to  Cement.,  This  is  another 
method  of  waterproofing  now  being  advocated  by  some.  If  this  method  could 
alwa3rs  be  made  efficient,  it  would  be  highly  advantageous.  It  is  claimed  by 
the  manufacturers  of  these  compounds  that  in  order  to  secure  a  water-proof 
basement,  for  example,  a  certain  percentage  of  the  compound  is  to  be  mixed 
with  the  cement  before  it  is  incorporated  in  the  concrete.  The  opponents  of 
this  method  claim,  however,  that  it  is  impossible  to  construct  a  basement  in 
this  way  without  incurring  the  danger  of  serious  leaks  at  the  joinings  of  one. 
day's  work  with  that  of  another;  that  leakage  at  these  points  of  cleavage  may 
be  hicreased  by  the  use  of  waterproofing-compounds;  and  that  their  principal 
merit  is  that  they  produce  a  very  dense  mass  of  concrete.  It  is  alwasrs  difficult 
to  bond  old  concrete  to  new,  and  if  concrete  is  made  water-proof,  or,  in  other 
words,  nonabsoibent,  the  difficulty  of  joining  new  concrete  to  a  nonabsorbent 
mass  of  old  concrete  is  increased.  Thb  method  is  effective,  however,  and  is  to 
be  recommended  in  work  which  can  be  carried  on  without  interruption,  such,  for 
mstance,  as  small  elevator-pits  or  small  swimming-pools,  where  the  concrete 
can  be  started  in  the  morning  and  completed  by  night  or  before  any  part  of  the 
work  has  had  time  to  attain  its  initial  set. 

FOBCE  OF  THB  WDfD 

Relation  Between  the  PresBure  and  Velocity  of  Wind.  Accordmg  to 
experiments  made  in  1890  or  thereabouts,  by  C.  F.  Marvin,  United  States 
Signal  Service,  the  relation  between  wind-pressure  and  velocity  is  given  very 
accurately  by  the  formula  p  «  0.004  ^\  where  p  is  the  pressure  in  poimds  per 
square  foot  on  a  flat  suriace  normal  to  the  direction  of  the  wind,  and  V  the 
velocity  of  the  wind  in  miles  per  hour.  Smeaton  considered  the  pressure  as 
equal  to  0.005  P.  The  following  table,  based  on  Marvin's  formula,*  is  quoted 
by  Tumeaure  and  Ketchum.t 

*  If  Marvin's  formula  is  written  p  *■  0.0052  V*  the  values  in  this  table  will  be  slightly 
changed.  See  Chapter  XXVII,  pages  1052  and  1253.  and  also  page  1308.  The 
formula  used  by  the  United  States  Signal  Service  is  ^  «  0.004  V*'  Ihe  true  pressure  is 
probably  somewhere  between  0.005  V*  and  0.004  1^*  near  the  former  for  verjr  low  vdoc- 
ities  and  near  the  latter  for  high  velocities. 

t  See,  also,  Traut wine's  Pocket-Book,  page  jsi.  ^  , 
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MUflsper 
hour 

Pe«tper 
minute 

Peetper 
iecond 

Force,  in 
pounds,  per 
square  foot 

Descriptioo 

•                    1 

1 

88 

X.47 

0.004 

Hardly  perceptible        ' 

a 
3 

176 
a64 

2.93 
4.40 

0.014  ) 
0.036  J 

Just  peroeptiUe 

4 

3Sa 

S.87 

0.064 

Gentle  bxeeie 

5 

440 

7.33 

o.x 

• 

xo 
15 

880 

laao 

i4.«y 

aa.Q 

0.4 
0.9 

Pleasant  breeze 

ao 
as 

1760 

aaoo 

29.3 
26.6 

x.6 
2.5 

Brisk  gale 

30 
35 

3640 
30B0 

44.0 
SI. 3 

3.6 

4.9 

Hi^wind 

40 
45 

3520 
3960 

S8.8 
66.0 

6.4 

8.x 

Very  high  wind 

50 

4400 

73.3 

X0.0 

Storm 

6o 

70 

5280 
6x60 

88.0 

X02.7 

M.4      I 
19.6     ) 

Great  storm 

80 

100 

7040 
8800 

117.3 
146.6 

2S.6 
40.0     J 

Murricaae 

COPIES   OF  TEACDTGS 

Blttt-Printi  from  Tradngt.  The  following  dlxtctioiis*  cover  the  vhole 
ground.  The  sensitised  paper  can  be  pnxnued,  all  prepared*  at  stores  where 
artists'  materials  are  sold,  so  that  the  process  of  preparing  the  paper  by  means 
of  chemicals  can  then  be  oonhted.    The  materials  required  are  as  foOows: 

(1)  A  board  a  little  Uxger  than  the  tracing  to  be  copied.  The  drawing- 
boand  on  which  the  drtwmg  and  tracing  are  made  can  ahvays  be  used. 

(2)  Two  or  three  thicknesses  of  flannel  or  other  soft  white  doth,  which  is  to 
be  smoothly  tacked  to  the  board  to  form  a  smooth  surface,  on  which  to  lay  the 
sensitized  paper  and  tracing  while  prmting. 

(3)  A  plate  of  common  double-thick  window-glasB,  ol  good  quality,  slightly 
larger  than  the  tradng  to  be  copied.  The  functkm  of  the  glass  is  to  keep  the 
tracing  and  sensitized  paper  closdy  and  smoothly  pressed  together  wUk 
printing. 

(4)  The  chemicals  far  seaaltizing  the  paper.  Tbne  consist  simply  of  ^ual 
parts,  by  weight,  of  citrate  of  iron  and  ammonia,  and  red  prussiate  of  potash 
and  can  be  obtained  at  any  drag-store.  The  price  should  not  be  over  8  or 
10  cts  per  ounce  for  each. 

(5)  A  stone  or  yellow-glass  bottle  to  keep  the  solution  of  the  above  chemicab 
iti.  If  there  is  but  little  copying  to  do,  an  ordinary  glass  bottle  will  do,  and  tiie 
solution  can  be  freshly  made  whenever  it  is  wanted  for  immediate  use. 

(6)  A  shallow  earthen  dish  in  which  to  place  the  solution  when  using  it  A 
common  dinner-plate  is  as  good  as  anything  for  this  puipo^. 

(7)  A  soft  paste-brush,  about  4  in  wide. 

(8)  Plenty  of  cold  water  in  which  to  wash  the  copies  after  they  have  been 
exposed  to  the  sunlight.  The  outlet  of  an  ordinary  sink  may  be  closed  by 
placing  a  piece  of  paper  over  it  with  a  weight  on  top  to  keep  the  paper  down, 
and  the  sink  filled  with  water,  if  the  sink  is  large  enough  to  lay  the  copy  in. 

*  Taken  ffoa  The  Loeenotivc.      ^  . 
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If  it  is  not,  it  is  better  to  make  a  water-tight  box  5  or  6  in  deep,  and  6  in  wider 
and  longer  than  the  drawing  to  be  copied. 

(9)  A  good  quality  of  white  book-paper. 

The  following  directions  are  to  be  followed: 

Dissolve  the  chemicals  in  cold  water  in  these  proportions:  i  oe  of  citrate  of 
iron  and  ammonia;  x  oz  of  red  prussiate  of  pota^;  and  8  oa  of  water.  They 
may  all  be  pat  into  a  bottle  together  and  shaken  up.  Ten  minutes  will  suffice 
to  dissolve  them. 

Lay  a  sheet  of  the  paper  to  be  sensitized  on  a  smooth  table  or  board,  pour  a 
little  of  the  solution  into  the  earthen  dish  or  plate,  and  apply  a  good  even  coat- 
ing of  it  to  the  paper  with  the  brush.  Then  tack  the  paper  to  a  board  by  two 
adjacent  corners^  and  set  it  in  a  dark  place  to  dry.  One  hour  is  sufficient  for 
the  drying.  Place  the  paper,  with  its  sensitized  side  up^  on  the  board  on  which 
you  have  smoothly  tacked  the  white  flannel  cloth;  lay  the  tracing  to  be  copied 
on  top  of  it;  on  iijp  of  all  lay  the  glass  plate,  being  careful  that  paper  and  tracing 
are  both  smooth  and  in  perfect  contact  with  each  other,  and  lay  the  whole 
thing  out  in  the  sunlight.  Between  eleven  and  two  o'clock  in  the  summer-tune» 
on  a  clear  day,  from  6  to  10  minutes  will  be  sufficiently  long  to  expose  it;  at 
other  seasons  a  longer  time  will  be  required.  If  the  location  does  not  admit 
of  direct  sunlight,  the  printing  may  be  done  in  the  shade,  or  even  on  a  cloudy 
day;  but  from  i  to  2H  hours  will  be  required  for  exposure.  A  little  experience 
wiU  soon  enable  any  one  to  judge  of  the  proper  time  for  exposure  on  different 
day&  After  exposure,  place  the  print  in  tlve  sink  or  trough  of  water  before 
mentioned,  and  wash  thoroughly,  letting  it  soak  from  3  to  5  minutes.  Upon 
immersion  in  the  water,  the  drawing,  hardly  visible  before,  will  appear  in  clear 
white  Imes  on  a  dark-blue  ground.  After  washing,  tack  up  against  the  wall, 
or  other  convenient  place,  by  the  comers,  to  dry.  This  finishes  the  operation, 
which  is  very  simple  and  thorough.  After  the  copy  is  dry,  it  can  be  written  on 
with  a  common  pen  and  a  solution  of  common  soda,  whkb  makes  a  white  Mne. 

Alternate  Recipe  for  Making  Blue-Prints.  The  following  is  an  alternative 
recipe  to  the  one  given  above.  The  paper  should  be  prepared  by  floating  it 
for  one  minute  in  a  solution  of  ferricyanide  of  potassium  (red  prussiate  of  potash), 
I  OS,  and  water,  5  oz.  It  should  then  be  dried  in  a  dark  room,  afterwards  ex- 
posed beneath  the  negative  until  the  dark  shades  have  assumed  a  deep  blue 
color,  and  immersed  in  a  solution  of  water,  2  oz,  and  bichloride  of  mercury,  i  gr. 
The  print  shouki  be  washed,  immersed  in  a  hot  aolutbn  of  oxalic  acid,  4  drm, 
and  water,  4  oz,  washed  again  and  dried.  Where  a  copy  of  a  drawing  is  to  be 
made  the  prepared  paper  is  placed,  sensitive  skie  uppermost,  on  a  flat  board 
covered  with  two  or  three  thicknesses  of  blanket  or  its  equivalent.  A  tracing 
of  the  drawing  is  made,  laid  on  the  sensitized  paper  and  held  in  place  by  a  sheet 
of  glass  clamped  to  the  board.  The  sensitized  paper  is  exposed  to  the  sunlight 
from  4  to  10  minutes  or  to  a  clear  sky  from  20  to  30  minutes  and  then  removed, 
washed  and  dried.  The  only  requisite  as  to  paper  is  that  it  must  stand  wash- 
ing.   Prepared  paper  may  be  purchased. 

Black-Line  Copies  from  TracingB.  The  directions  for  making  the  sensitiz- 
ing solution  used  in  this  process  are  as  follows:  Dissolve  separately,  gum  arabic» 
13  dr>  in  17  oz  water;  tartaric  add,  13  dr,  in  6  oz  6  dr  water;  persulphite  of  iron, 
8  dr,  in  6  oz  6  dr  of  water.  Pour  the  third  solution  into  the  second,  stir  thor- 
oughly, and  then  pour  the  resulting  mixture  into  the  first,  the  stirring  being 
continued.  When  the  mixture  b  complete  add  slowly,  still  stirring,  3  fl  oz  and 
3  drm  of  liquid  add  perchloride  of  iron;  filter  into  a  bottle  and  keep  in  the  dark. 
Use  a  strong  well-sized  paper,  apply  a  thin,  smooth  coat  of  the  solution  with  a 
large  brush  or  sponge,  and  then  dry  in  a  dark  room  with  moderate  heat.    The 
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paper  should  be  yellowish  in  tint  and  will  not  keep  long.  Place  the  tiadng, 
made  with  very  black  ink,  in  the  printing-frame,  the  drawing  being  in  dose 
contact  with  the  glass,  and  place  over  it  the  sensitized  paper,  with  the  prepared 
side  in  contact  with  the  back  of  the  tracing.  After  an  exposure  of  lo  or  X2 
minutes,  the  print  should  show  a  yellow  drawing  on  a  white  ground.  Take 
the  print  from  the  frame  and  float  for  a  minute,  face  down,  in  a  developing 
bath  of  gallic  add,  or  tannin,  from  31  to  46  gr;  oicalic  add,  iV4  gr;  and  water, 
34  oz.  Then  plunge  it  in  dear  water,  rinse  well  and  dr>'.  The  orange-yellow 
lines  will  be  changed  into  a  permanent  black. 

Brown-Line  Copies  from  Tracings.  The  directions  for  making  the  sensitxi- 
ing  solution  used  in  this  process  are  as  follows:  Dissolve  gelatine,  6  gr;   water, 

1  oz;  swell  in  cold  water,  give  water-bath  and  add  tartaric  add,  8  oz;  silver 
nitrate,  9  gr;  and  ammonia  dtrate  of  iron,  40  gr.  Filter  in  a  subdued  light. 
Print  in  a  bright  light  until  slightly  darker  than  ordinary  printing-out  paper; 
wash  for  5  minutes;  immerse  in  a  aVi%  solution  of  hypo  until  desired  color  is 
obtained;  and  wash  and  dry.  Blue-prints  may  be  turned  to  a  rich-brown 
color  by  immersing  in  a  solution  of  caustic  soda  the  size  of  a  bean  dissolved  in 
5  oz  of  water,  until  the  blue  has  changed  to  orange-yelk>w.  They  are  then 
washed  thoroughly,  immersed  in  a  bath  of  water  in  which  has  been  dissolved 
a  heaping  teaspoonful  of  tannic  add,  rinsed  in  dear  water  and  dried.  Paper 
may  be  sized  for  brown-prints  by  soaking  it  in  a  mixture  of  90  gr  of  arrowroot 
and  5  oz  of  cold  water,  rubbed  into  a  cream  and  mixed  with  20  gr  of  glucose  and 
5  oz  of  hot  water.  The  mixture  should  be  boiled  2  minutes  and  then  permitted 
to  cool  before  use. 

HORSE-POWER,*  PULLETS,  GEARS,  BELTING 
AND  SHAFTING 

Horse-Power.    A  horse  can  travel  400  yd  at  a  walk  in  4H  min,  at  a  trot  in 

2  min,  and  at  a  gallop  in  x  min;  he  occupies  at  a  picket  3  ft  by  9  ft;  and  his 
average  weight  is  x  000  lb.  An  average  horse  carrying  225  lb  can  travd 
25  miles  in  a  day  of  8  hr.  A  draught-horse  can  draw  i  600  lb  23  miles  a  day, 
weight  of  carriage  included.  In  a  horse-mill  a  horse  moves  at  the  rate  of  3  ft 
in  a  second.    The  diameter  of  the  track  should  not  be  less  than  25  ft. 

A  Horse-Power,  in  Machinery,  is  estimated  at  33  ooo  lb,  raised  i  ft  in  a 
minute;  but  as  a  horse  can  exert  that  force  but  6  hr  a  day,  one  KACBiNEay 
horse-power  is  equivalent  to  that  of  four  horses. 

Rules  to  Determine  the  Size  and  Speed  of  Pulleys  or  Gears.  The 
driving-pulley  is  called  the  driver,  and  the  driven  pulley  the  driven.  If  the 
number  of  teeth  in  the  gears  are  used  instead  of  the  diameter,  in  these  calcula- 
tions, number  of  teeth  must  be  substituted  wherever  diameter  occurs. 

(i)  To  Find  the  Diameter  of  the  Driver,  the  diameter  of  the  driven  and  its 
revolutions,  and  also  revolutions  of  driver,  being  given.  Multiply  the  diameter 
of  the  driven  by  its  revolutions,  and  divide  the  product  by  the  revolutions  of 
the  driver;  the  quotient  will  give  the  diameter  of  the  driver. 

(a)  To  Find  the  Diameter  of 'the  Driven,  the  revolutions  of  the  driven,  also  the 
diuneter  and  revolutions  of  the  driver,  being  given.  Multiply  the  diameter  of 
the  driver  by  its  revolutions,  and  divide  the  product  by  the  revolutions  of 
the  driven;  the  quotient  will  give  the  diameter  of  the  driven. 

(3)  To  Find  the  Revdutiona  of  the  Driver,  the  diameter  and  revolutions  of 
the  driven,  also  the  diameter  of  the  driver,  bdng  given.    Multiply  the  diameter 

*  See,  also,  pages  1230  and  X3xx. 
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cf  the  driven  by  its  revolutions,  and  divide  the  product  by  the  diameter  of  the 
driver;  the  quotient  will  give  the  revolutions  of  the  driver. 

(4)  To  find  file  Revolutions  of  the  Driven*  the  diameter  and  revolutions  of 
the  driver,  also  the  diameter  of  the  driven,  being  given.  Multi|>ly  the  diameter 
of  the  driver  by  its  revolutions,  and  divide  the  product  by  the  diameter  of  the 
driven;  the  quotient  will  give  the  revolutions  of  the  driven. 

Horie-Power  Tnuisxnitted  by  Belting.  The  efficiency  of  belting  to  trans- 
mit power,  or  to  turn  a  wheel  or  pulley,  depends  upon  the  width  and  thickness 
of  the  belt,  the  arc-contact  with  the  pulley,  the  position  of  the  belt,  whether 
horizontal,  vertical,  or  at  an  angle,  and  the  velocity.  The  greater  the  velocity 
and  the  thicker  the  belt,  the  more  power  it  will  transmit.  A  belt  running  ver- 
tically or  inclined  will  transmit  less  power  than  one  running  horizontally,  but 
in  figuring  the  horse-power  capacity  of  beltug  only  the  velocity,  width  and 
thickness  of  belt  are  usually  considered,  it  being  asstmied  that  the  pulleys  are 
of  proper  size  and  located  so  that  the  belt  will  be  nearly  horizontal.  Belts  are 
commonly  assumed  to  be  of  leather,  unless  otherwise  designated.  The  term 
SINGLE  BELT  is  used  to  designate  a  belt  made  of  a  single  thickness  of  cowhide 
leather.  A  double  belt  is  made  by  cementing  and  riveting  together  two 
thicknesses  of  leather.  There  Is  no  standard  thickness  for  either  single  or  double 
belts. 

Rnles.  Many  rules  have  been  given  for  determining  the  horse-power  that 
belting  will  transmit.*    Those  commonly  used  are: 

(x)  For  Single  Belts.  Multiply  the  width,  m  inches,  by  the  velocity  in  feet 
per  minute  and  divide  by  x  000. 

(2)  For  Double  Belts.  Multiply  the  width  by  the  velocity  and  divide  by  700. 
The  answer  is  the  number  of  horse-powers. 

Some  authorities  give  divisors  of  800  and  733  for  single  belts,  and  550  and  513 
for  double  belts.  For  the  velocity  of  the  belt  multiply  the  number  of  revolutions 
per  minute  of  either  pulley  by  the  cirounference  of  that  pulley. 

Notes  on  Belting.  For  continuous  use  a  double  belt  is  the  most  economical 
in  the  kng  run,  except  on  very  small  pulleys  or  for  very  light  duty.  Triplex 
and  quadruple  belts  are  sometimes  used  for  very  heavy  duty,  but  such  belts  are 
not  commonly  carried  in  stock.  Single  belts  should  always  be  used  with  the 
hair-side  next  the  pulley.  The  belt-speed  for  maximum  economy  should  be 
from  4  000  to  4  500  ft  per  minute.  Idler-pulleys  work  most  satisfactorily 
when  located  on  the  sladc  side  of  the  belt  about  one-quarter  way  from  the  driv- 
ing-puUey.  Belts  are  more  durable  and  work  more  satisfactorily  when  made 
narrow  and  thick  than  when  made  wide  and  thin.  As  belts  increase  in  width 
they  should  also  be  made  thicker.  For  dynamo-work  or  electric  motors  the 
encb  of  the  belt  should  be  fastened  together  by  splicing  and  cementing  instead 
of  by  lacing.  For  all  other  cases  the  ends  are  fastened  by  hooks  or  lacing. 
Belts  shouM  be  cleaned  and  greased  every  5  to  6  months. 

Distance  from  Center  to  Center  of  Shafts.*  In  locating  shafts  that  are 
to  be  connected  with  each  other  by  belts,  care  should  be  taken  to  separate  them 
by  a  proper  distance.  This  distance  should  be  such  as  to  allow  a  gentle  sag  to 
the  belt  when  in  motion. 

Role.  A  general  rule  may  be  stated  thus:  Where  narrow  belts  are  to  be  run 
over  small  pullesrs,  15  ft  b  a  good  average,  the  belt  having  a  sag  of  from  iH  to 
2  in.  The  nunimum  distance  between  shafts  is  about  xo  ft.  For  larger  belts, 
working  on  larger  pulleys,  a  distance  of  from  20  to  25  ft  does  well,  with  a  sag 

*  For  a  discussion  of  belting,  belt-dressisg,  care  of  belting,  slwfting,  etc.,  see  Kent's 
Mechaokal  Engineers'  Focket-Book. 


yGoogk 


1642 


Horse-Power,  Pulleys,  Belting  and  Shafting  Part  3 


of  from  a H  to  4  in.  For  main  belts,  working  on  very  large  poUeys,  the  distance 
should  be  from  25  to  30  ft,  the  belts  working  well  with  a  sag  of  from  4  to  5  in 
If  too  great  a  distance  is  attempted,  the  belt  will  have  an  unsteady  flapping 
motion,  which  will  destroy  both  the  belt  and  the  machinery. 

Arrangement  of  Belts  and  Pulleys.*  If  possible  to  avoid  it,  connectec 
shafts  should  never  be  placed  one  directly  over  the  other,  as  in  soch  caae  the 
belt  must  be  kept  very  tight  to  do  the  work.  For  this  purpose  belts  slKHdd  be 
carefully  selected  of  well-stretched  leather.  It  is  desirable  that  the  angle  of 
the  belt  With  the  floor  should  not  exceed  45^  It  is  also  desirable  to  locate  the 
shafting  and  machinery  so  that  belts  will  run  off  from  each  shaft  in  opposite 
directions,  as  this  arrangement  will  relieve  the  bearings  bom  the  friction  that 
would  result  if  all  pulled  one  way  on  the  shaft.  If  possible,  machinery  sfaouki 
be  so  placed  that  the  direction  of  the  belt-motion  will  be  from  the  top  of  the 
driving  to  the  top  of  the  driven  pulley,  so  that  the  sag  will  increase  the  arc  of 
contact.  The  pulley  shouM  be  a  little  wider  than  the  belt  required  for  the 
work,  and  should  have  a  crowning  face,  except  where  the  belt  is  to  be  shifted. 
The  moticm  of  driving  should  run  with  and  not  against  the  laps  of  the 
belts. 

Rubber  Belts  are  cheaper  than  leather  belts  and  should  alwa3rs  be  used  in 
wet  places,  but  for  ordinary  use  in  dry  places  they  are  not  as  durable  as  leather 
belts.  They  should  always  be  kept  free  from  grease  or  animal  oils.  If  they  slip, 
their  inside  surfaces  should  be  moistened  with  boiled  linseed-oil.  Some  fine 
chalk,  sprinkled  on  over  the  oil,  will  help  the  belt. 

Rule  for  finding  the  Lengths  of  Belts.  Add  the  diameter  of  the  two 
pulleys  together,  multiply  by  3H,  divide  the  product  by  2,  add  to  the  quotient 
twice  the  distance  between  the  center  of  the  shafts,  and  the  sum  will  be  the 
required  length. 


Revolutions  per  minute 

Diameter  of  shaft 

100 

ISO 

200 

2S0 

300 

3S0 

^ 

in 

i6th 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

H.P. 

0 

IS 

1.2 

1.7 

2.4 

3.1 

3.6 

4.3 

5.0 

z 

3 

2.4 

3.7 

4.9 

6.Z 

7.3 

8S 

9.7 

I 

7 

4.3 

6.4 

8.S 

10. 5 

Z2.7 

Z4.8 

16.9 

z 

xz 

6.7 

10. 1 

13.4 

16.7 

20.1 

23.4 

26.8 

z 

IS 

10.0 

iS.o 

20.0 

25.0 

30.0 

350 

40.0 

2 

3 

14.3 

21.4 

28.S 

35  6 

42.7 

498 

S7-0 

2 

7 

19s 

293 

390 

48.7 

S8.S 

68.2 

7«o 

2 

11 

26.0 

39.0 

S2.0 

fis.o 

78.0 

87.0 

104.0 

2 

IS 

33.8 

50.6 

«7.S 

64.4 

101.3 

H8.2 

13S.0 

3 

3 

43.0 

64.4 

85.8 

107.3 

128.7 

IS0.3 

171.6 

3 

7 

53.6 

79.4 

107.2 

134.0 

1S8.8 

187.6 

214  4 

3 

11 

6S.9 

97.9 

121.8 

164.8 

1957 

230.7 

2436 

3 

15 

80.0 

120.0 

160.0 

200.0 

240.0 

aBo.o 

320.0 

4 

7 

113  9 

170.S 

227.8 

284.7 

341.7 

398.6 

455.6 

4 

IS 

IS6.3 

234.4 

3I2.S 

J90.6 

468.7 

546.8 

625.0 

*  See  Kent's  Mechankal  Engineen'  Pocket-Book. 
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0«iienl  D«tciiiiti<m.  These  are  portabfe  hoistiog^evices  which  enable  one 
man  to  raise  a  very  heavy  load  and  which  sustain  the  load  at  any  point.  In 
general,  they  resemble  pullers  operated  by  chains.  Since  the  invention  of  the 
differential  puUey-block  by  T.  A.  Weston,  about  the  year  1863,  chain-blocks 
have  come  into  very  general  use  for  economical  hoisting,  particularly  where  it  is 
desired  to  hold  the  load  at  any  point.    Chain-blocks  are  of  three  general  classes: 

(i)  The  Differential  Block.  This  is  the  original  and  the  simplest  and  cheap- 
est form  of  self-sustahiing  pulley; 

(a)  The  Screw-Block  or  Worm-Geared  Block.  Of  these,  the  Yale  &  Towne 
duplex  block  b  the  most  efficient  type; 

(3)  The  Triplex  Block.    This  is  spur-geared. 

Differential  and  worm-geared  blocks  of  all  kinds  depend  upon  friction  to  pre- 
vent the  bad  from  running  down.  In  the  triplex  block  a  separate  device  b 
introduced  which  automatically  holds  the  load  safely,  and  yet  enables  it  to  be 
lowered  with  slight  effort  and  at  high  velocity  but  without  acceleration  or  danger. 
This  is  the  most  efficient  of  all  chain-blocks,  and  the  most  economical  wherever 
quick  work  ia  wanted  and  economy  in  time  and  labor  sought.  For  information 
as  to  the  kind  of  block  best  adapted  to  any  particular  service,  the  manufacturers 
should  be  consulted.  The  following  data  on  the  power  and  efficiency  of  chain- 
blocks  were  supplied  by  the  Yale  &  Towne  Manufacturing  Company. 

Power  tnd  Efldency  of  Clwiii-Hoists.  The  table  below  gives  the  work 
to  be  done  by  the  operator  at  the  hand-pulling  chain  with  each  size  of  the  various 
kinds  of  chain-blocks  in  lifting  the  stated  capacity,  that  is,  the  amoimt  of  work 
or  pulling  required  to  lift  this  bad  one  toor  by  stating  the  force  exerted  in 
pounds  and  the  distance  in  feet  of  operating^chahis  to  be  pulled.  The  product 
of  tfaese  two  factors  determines  the  efficiency  of  the  bbck  and  the  ease  and  speed 
of  hoisting. 

Work  Done  by  Operator  with  Chain-Blocks 


Capacity, 
tons 

Triplex 
lb      ft 

Duplex 
lb     ft 

Differential 
lb    ft 

\^ 

10 
12 
16 
ao 

fax  ai 
8aX  31 
"oX  35 
laoX  42 
114X  69 
124 X  84 
iioXia6 
130X126 
I3SXI68 
140X210 
130X126 
135X168 
140X210 

68X  40 
87X  59 
94X  80 
II5X  93 
132X126 
142X155 
I4SXI95 
145X252 
160X310 
160X390 

122X24 
216X30 
246X36 
308X42 
557X38 

These  blocks  have  two  hand-chains.  The  figures  give  the  number  of  feet 
to  be  operated  on  each  hand-chain.  A  man  cannot  pull  more  than  his  own 
weight  on  the  operating  chains,  and  can  puU  faster  in  proportion  as  the  pull 
reqnired  is  Kghter.  The  maximum  pull  usually  required  of  one  man  is  82  !b, 
and  he  will  do  more  work  with  less  fatigue  if  the  hand-chain  oull  is  not  over 
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40  lb,  because  he  can  then  pull  the  chain  hand  over  hand  a  little  more  than  twice 
as  fast  as  he  could  when  pulling  twice  as  hard.  When  the  hand-cbain  pull  is 
leas  than  20  lb  the  speed  of  hoisting  an  equal  load  is  diminished,  because  the  man 
is  tired  by  moving  his  arms  too  rapidly,  and  cannot  do  as  much  work  as  with  a 
heavier  pull.  The  best  result  is  obtained  by  using  a  chain-block  which  has 
a  capacity  of  double  the  usual  load.  The  operator  then  works  to  the  best  ad- 
vantage with  average  loads,  and  occasional  heavy  loads  are  easily  handled  with- 
out overstraining  either  the  operator  or  the  chain-block,  which  should  never  be 

used  beyond  its  capacity  for  fear  of  stretch- 
ing the  chain  so  that  it  will  not  work 
smoothly. 

Proportiona  of  Hooka.*    For  ecxxxxny 

of  manufacture  hooks  of  different  sixes  are 

made  from  some  regular  coounercial  sizes 

of  round  iron.    The  basis,  or  initial  pomt, 

in  each  case  is,  therefore,  the  size  of  the 

iron  of  which  the  hook  is  to  be  made,  and 

it  is  indicated  by  the  dimension  ^4  in  the 

diagram.    The  dimension  D  is  arbitrarily 

assumed.    The  other  dimensions,  as  given 

>^   by  the  formulas,  are  those  which,  whik 

preserving  a  proper  bearing   face  on  tbt 

interior  of  the  hook  for  the  ropes  or  chains 

which  nuLy  be  passed  through  it,  give  the 

greatest  resistance   to   spreading   and  to 

ultimate   ruptiupe   which   the   amount  of 

material  in  the  original  bar  admits  of.    The  symbol  A  is  used  in  the  formuhs 

to  indicate  the  nominal  capacity  of  the  hook  in  tons  of  2  000  lb.    The  formulas 

which  determine  the  lines  of  the  other  parts  of  the  hooks  of  the  several  sizes  are 

as  follows,  all  the  measiuvments  being  expressed  in  inches: 

Z>-o.sA  -I-I.2S  C-0.7SZ) 

£  -  0.64  A  -I-  1.60  O  -  0.363  A  -I-  0.66 

F- 0.33  A -I- 0.8s  Q- 0.64  A -hi. 60 

£r-i.o8i4  £-i.o5i4 

/-i.33i4  Af-o.50i4 

/-i.20i4  iV- 0.853- 0.16 

JC-i.i3i4  £^-o.866i4 

Bzample.    To  find  the  dimension  D,  for  a  2-ton  hook.    The  formula  is: 
Z)-o.s  A-l- 1. 25 

and  as  A  -  2,  the  dimension  D  by  the  formula  is  found  to  be  2 M  in.  The  dimen- 
sions A,  are  necessarily  based  upon  the  ordinary  merchant  sizes  of  round  iron. 
The  sizes  which  it  has  been  found  best  to  select  are  the  following: 

Capacities  of  hooks  H    M    H  i       1^324568         10   tons 
Dimension  i4 H  ^H«  H  iHe  xH  xH  iH  2  2H  2H  2H      zM  inches 

The  formuUs  which  give  the  sections  of  the  hook  at  the  several  points  are 
all  expressed  in  terms  of  A^  and  can  therefore  be  readily  a.%ertained  by  refer- 
ence to  the  foregoing  scale. 

*  By  Henry  R.  Towne,  m  his  Treatise  on  Cranes,  which  indudet  the  resulta  of  an  a- 
tcnatve  experimental  and  mathematical  investigatioin. 
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Tofindthedimeiiflion/,ma2-toahook.    Thefonnulais 
/-  1.33^4 
and  for  a  a-ton  hook,  A^  iH  in.    TherefoFe  /,  in  a  a-ton  hook,  is  found  to  be 
i^Ms  in. 

Manner  of  Failure  of  Hooka.  Experiment  has  shown  that  hooks  niade 
according  to  the  above  formulas  will  give  way  first  by  the  opening  of  the  jaw, 
which,  however,  will  not  occur  except  with  a  load  much  in  excess  of  the  nominal 
capacity  of  the  hook.  This  yielding  of  the  hook  when  overloaded  becomes  a 
source  of  safety,  as  it  constitutes  a  signal  of  danger  which  cannot  easily  be  over< 
looked,  and  which  must  proceed  to  a  considerable  length  before  rupture  occurs 
and  the  k>ad  is  dropped.  A  comparison  of  these  hooks  with  most  of  those  in 
ordinary  use  shows  that  the  latter  are,  as  a  rule,  badly  proportioned,  and  fre- 
quently dangerously  weak. 

BELLS 

Dimenaiona  and  Weighta  of  Clmrcli-Bena 

Manufactured  by  Meneely  Bell  Company,  Troy,  N.  Y. 


Bella 

Mountings 

Weights. 

Medium 
tones 

Diameters, 

Sizes  of  frames. 

Diameters  of 
wheels. 

lb 

in 

in 

ft       in 

400 

D 

a? 

4aX4a 

4        4 

450 

d 

a8 

4aX4a 

4        4 

Soo 

.c 

39 

45X47 

4        4 

sso 

c 

30 

45X47 

4        4 

600 

B 

31 

45X47 

4       9 

700 

B 

33 

48X48 

5       6 

800 

Bb 

34 

48X54 

5       6 

900 

A 

36 

54X54 

5       9 

1000 

A 

37 

54X54 

5       9 

1 100 

A 

38 

54X59 

5       9 

laoo 

Al^ 

39 

56X59 

6       3 

I3D0 

Ab 

40 

56X59 

6       3 

1400 

G 

41 

60X60 

6       6 

isoo 

G 

4a 

60X60 

6       6 

1600 

G 

43 

60X60 

6       6 

1800 

Ft 

45 

65X68 

aooo 

P 

46 

65X68 

a  100 

P 

•  47 

65X68 

asDO 

E 

49 

70x7a 

7       0 

asoo 

5. 

SO 

70x7a 

7       6 

aSoo 

Eb 

SX 

74X78 

3000 

Eb 

53 

74X78 

3S00 

D 

S6 

74X78 

8       6 

4000 

CI 

58 

78X81 

4S00 

C 

61 

78X81 

5000 

c 

63 

84X84 

5S00 

B 

65 

84X84 

6000 

Bb 

67 

84X84 

9       6 

6500 

Bb 

68 

90X90 

9       6 

7000* 

Bb 

69 

XO1X90 

9       6 

*  A  notable  example  of  a  7  ooo-lb  bell  is  the  large  bell  of  the  peal  hi  the  tower  of  the 
Metropolitan  Life  Insurance  Buikling,  in  New  York. 
The  actual  weights  usuaUy  exceed  the  patterns,  noted  above,  from  a  to^^ .       . 
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Bells 

Mountings 

WeighU. 
lb 

Diazneten, 
in 

Sizes  of  {rames, 

outside, 
ft  in        ft  in 

lOD 
12S 

150  . 

200 

250 

300 

350 

17 

18H 
19H 

23 

24H 

36 

26X28 
26X38 
26X28 
28X30 
30X32 
30X34 
30X34 

Sizw  of  Hope  for  Bells 

Diameter,  in 

For  beUs  of  less  than  500  lb H 

For  bells  of  500  to  800  lb H 

For  bells  of  800  to  i  800  lb 54 

For  bells  above  i  800  lb J4  to  1 

The  Largest  Bells  in  the  Worid  * 


Names  and  locations 
0!  bells 

Date 

cast 

Actual 
vibra- 
tion 

Key. 
note 

Diam- 

eter, 

in 

Sound-bow 

Weight. 

laches 

Stroke 

lb 

Moscow,  Tzar  Kcdokolt. 

Burmah,  Mengoon 

Moscow,  St.  Ivan's 

Pekin.  Great  Bell 

Nishni  Novgorod 

Moscow,  Church  of  Re- 
deemer  

1733 
1819 

1879 
1881 

1711 
1856 
1487 
1680 
1847 
1845 
1786 
1G80 
1477 

187s 
1834 
1716 
167s 
1610 
1857 

74 
94 

105 

125 

125 

141 

157 
IS7 
157 
166 
176 
166 
176 
187 
187 
210 
198 
210 
198 

210 
222 

210 
249 
249 

D 

n 

G« 

B 
B 

CI 

Eb 
E  , 
P 
E 
P 

n 
PI 

G« 

G 

01 

G 

Gl 

A 

Gl 

B 

B 

273 

203? 

185 

is6 

IS5 

151 

136.3? 

113 

114.25 
121 
118 

113. 5 

103. 6 
103 
103 
100 

97.25 

84 

95 

95.81 

88 

82.85 

81 

76 

75. 5 

72 

33 

x6? 
14. 75 

12.5 
12 

10.6 

in 
9135 

9-5 

9-375 

9.75 

7  5 

78 

8 

7-5 

6.125 

7.2 

7.75 

6.375 

6 

6.08 

5 

5.94 

5.75 

0.84 
0.80 
0.80 

oiio' 
0.80 

0.80 

0.75 
0.80 
083 
0-75 
0.73 
0.76 
0.80 
0.77 
0.73 
0.76 
0.71 
0.73 
0.73 
0.75 
0.66 
0.78 
0.79 

443772 
201  60c 
127350 
laoooo 
95  000 
69664 

60736 
45000 
4200c 

40320 
40200 
35630 
30800 
28670 
2856c 
2408c 
xSooc 
17024 
16016 
1584^ 
13000 
12096 
11  50c 
10080 

Nankin,  China 

London,  St.  Paul's 

Olmutz,  Bohemia 

Vienna,  Austria 

Westminster,  London.. . . 
Rrfnrt  Saxonv .-,-.-,.., 

Notre  Dame,  Paris 

Montreal,  Canada 

Ytjrk  Endand    

St.  Peter's,  Rome 

Great  Tom,  Oxford 

Cologne,  Germany 

Brussels,  Belgium 

State-house,  Philadelphia 

Lincoln.  England 

St.  Paul's,  London 

Exeter,  England 

Old  Lincoln,  England. . . 
Westminster,  London 

9856 
8960 

•  John  W.  NystPom,  in  the  Journal  of  the  Franklin  Institute,  Philadelphia, 
t  This  bell  b  frtftctuxed  and  has  not  been  rungior  many  years.       t 
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gTHBOLS  FOB  THE  APOSTLES  AND  SAINTS 

From  the  constant  occurrence  of  symbols  in  the  edifices  of  the  Middle  Ages 
asd  many  of  the  cathedrals  of  the  present  day,  the  following  list  of  ^ymbob,  as 
commonly  attached  to  the  apostles  and  saints,  may  be  found  useful: 

Holy  Apostles 
St.  Peter.    Bears  a  key,  or  two  keys  with  different  wards. 
St.  AxMlrew.    I^eaos  on  a  cross  so  called  from  him;  called  by  heralds  the  saltire. 
St.  John  the  Evangelist.    With  a  chalice,  in  which  is  a  winged  serpent.    When 

this  symbol  is  used,  the  eagle,  another  symbol  of  him,  is  never  given. 
St.  Bartholomew.    With  a  flaying-knife. 

St.  James  the  Less.    A  fuller's  staff  bearing  a  small  square  banner. 
St.  James  the  Greater.    A  pilgrim's  staff,  hat  and  escalo{y-sheII, 
St.  Thomas.    An  arrow,  or  with  a  long  staff. 
St.  Simon.    A  long  saw. 
St.  Jude.    A  dub. 
St.  Matthias.    A  hatchet. 

St.  Philip.    lieans  on  a  spear  or  has  a  long  cross  in  the  shape  of  a  T. 
St.  Matthew.    A  knife  or  dagger. 
St.  Mark.    A  winged  lion. 
St.  Luke.    A  bull. 
St.  John.    An  eagle. 

St.  Paul.    An  elevated  sword,  or  two  swords  in  saltire. 
St.  John  the  Baptist.    Ah  Agnus  Dei. 
St.  Stephen.    With  stones  in  his  lap. 

Saints 
St.  Agnes.'  A  Iamb  at  her  feet. 
St.  Cecilia.    With  an  organ. 
St.  Clement.    With  an  anchor. 
St.  David.    Preaching  on  a  hill. 
St.  Denis.    With  his  head  in  bis  hands. 
St.  George.    With  the  dragon. 
St.  Nicholas.    With  three  naked  chiklren  in  a  tub,  in  the  end  whereof  rests  hi» 

pastoral  staff. 
St.  Vincent.    On  the  rack. 

A  CIRCULAB  OF  ADVICE  ON  PBOFESSIONAL  PBACTICE, 
BT  THE  AMERICAN  INSTITUTE  OF  ARCHITECTS* 

IntrodoctOTf .  The  .\meHcan  Institute  of  Architects,  seeking  to  maintain  a 
high  standard  of  practice  and  conduct  on  the  part  of  its  members  as  a  safeguard 
of  the  important  financial,  technical  and  esthetic  interests  entrusted  to  them, 
offers  the  following  advice  relative  to  professional  practice:  The  profession  of 
architecture  calls  for  men  of  the  highest  integrity,  bixsiness  capacity  and  artistic 
ability.  The  architect  is  entrusted  with  financial  undertakings  in  which  hb 
honesty  of  purpose  must  be  above  suspicion;  he  acts  as  professional  adviser  to 
his  client  and  his  advice  must  be  absolutely  disinterested;  he  is  charged  with 
the  exercise  of  judicial  functions  as  between  client  and  contractors  and  must 

•  The  American  Institute  of  'Architects,  Document  107,  Washington,  D.  C,  May  10, 
19x4.  Reprinted  by  permission.  This  circular  relates  to  the  principles  of  professional 
practice  and  the  canons  of  eCfaks.  ^        *  t 
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act  with  entire  impartiaHty;  he  has  moral  responsibilities  to  Us  pcofessiooal 
associates  and  subordinates;  finally,  he  is  engaged  in  a  profession  which  carries 
with  it  grave  responsibility  to  the  public.  These  duties  and  responsibilities 
cannot  be  properly  discharged  unless  his  motives,  conduct  and  ability  are  such 
as  to  conunand  respect  and  confidence.  No  set  of  rules  can  be  framed  which 
will  particularize  all  the  duties  of  the  architect  in  his  various  relations  to  his 
clients,  to  contractors,  to  his  professional  brethren,  and  to  the  public.  The 
following  principles  should,  however,  govern  the  conduct  of  members  of  the  pro- 
fession and  should  serve  as  a  guide  in  circumstances  other  than  those  enumer- 
ated: 

(z)  On  the  Architect's  Status.  The  architect's  relation  to  his  client  is 
primarily  that  of  pkofessional  adviser;  this  relation  continues  throughout 
the  entire  course  of  his  service.  When,  however,  a  contract  has  been  executed 
between  his  client  and  a  contractor  by  the  terms  of  which  the  architect  becomes 
the  official  interpreter  of  its  conditions  and  the  judge  of  its  performance,  in 
additional  relation  is  created  under  which  it  is  incumbent  upon  the  architect 
to  side  neither  with  client  nor  contractor,  but  to  use  his  powers  under  the  con- 
tract to  enforce  its  faithful  performance  by  both  parties.  The  fact  that  the 
architect's  payment  comes  from  the  client  does  not  invalidate  his  obligation  to 
act  with  impartiality  to  both  parties. 

(2)  On  Preliminary  Drawings  and  Estimates.  The  architect  at  the  out- 
set should  impress  upon  the  client  the  importance  of  sufficient  time  for  the 
preparation  of  drawings  and  specifications.  It  is  the  duty  of  the  architect  to 
make  or  secure  preumina&y  estucates  when  requested,  but  he  should  acquaint 
the  client  mth  their  conditional  character  and  inform  him  that  complete  and 
final  figures  can  be  had  only  from  complete  and  final  drawings  and  specifications. 
If  an  unconditional  limit  of  cost  be  imposed  before  such  drawings  are  made  and 
estimated,  the  architect  must  be  free  to  make  such  adjustments  as  seem  to  him 
necessary.  Since  the  architect  should  assume  no  responsibility  that  may  pre- 
vent him  from  giving  his  client  disinterested  advice,  he  should  not,  by  bond  or 
otherwise,  guarantee  any  estimate  or  contract. 

(3)  On  Superintendence  and  Expert  Services.  On  all  work  except  the 
simplest,  it  is  to  the  interest  of  the  owner  to  employ  a  superintendent  or  clerc 
OF  THE  WORKS.  In  many  engineering  problems  and  in  certain  specialized  esthetic 
problems,  it  is  to  his  interest  to  have  the  services  of  special  experts  and  the 
architect  should  so  inform  him.  The  experience  and  special  knowledge  of  the 
architect  make  it  to  the  advantage  of  the  ovmer  that  these  persons,  although 
paid  by  the  owner,  should  be  selected  by  the  architect  under  whose  direction  they 
are  to  work. 

(4)  On  the  Architect's  Charges.  The  Schedttle  or  Charges  of  the 
American  Institute  of  Architects  is  recognized  as  a  proper  minimum  of  payment. 
The  bcality  or  the  nature  of  the  work,  the  quality  of  services  to  be  rendered, 
the  skill  of  the  practitioner  or  other  circumstances  frequently  justify  a  higher 
charge  than  that  indicated  by  the  schedule. 

(5)  On  Payment  for  Expert  Service.  The  ardiitect  when  retained  as  an 
expert,  whether  in  connection  with  competitions  or  otherwise,  should  receh'e 
a  compensation  proportbnate  to  the  responsibility  and  difficulty  of  the  service. 
No  duty  of  the  architect  is  more  exacting  than  such  service,  and  the  honor  of 
the  profession  is  involved  in  it.  Under  no  circumstances  shoald  experts  know- 
ingly name  prices  in  competition  with  each  other. 

(6)  On  Selection  of  Bidders  or  Contractors.  The  architect  should  advise 
the  client  in  the  selection  of  bidders  and  In  the  award  Of  IHX  conxeact.    la 
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advising  that  none  but  trustworthy  bidders  be  invited  and  that  the  award  be 
made  only  to  contractors  who  are  reliable  and  competent,  the  architect  protects 
the  interests  of  his  client. 

(7)  On  Duties  to  the  Contractor.  As  the  architect  decides  whether  or 
not  the  intent  of  hb  plans  and  specifications  is  properly  carried  out,  he  should 
take  special  care  to  see  that  these  drawings  and  specifications  are  complete  and 
accurate,  and  he  should  never  call  upon  the  contractor  to  make  good  oversights 
or  errors  in  them  nor  attempt  to  shirk  responsibility  by  indefinite  clauses  in  the 
contract  or  specifirations. 

(8)  On  Engaging  in  the  Building  Trades.  The  architect  should  not 
directly  or  indirectly  engage  in  any  of  the  building  trades.  If  he  has  any 
financial  interest  in  any  building  material  or  device,  he  should  not  specify  or 
use  it  without  the  knowledge  and  approval  of  his  client. 

(9)  On  Accepting  Commissions  or  Favors.  The  architect  should  not 
receive  any  coMiassiON  or  any  substantial  service  from  a  contractor  or  from  any 
interested  person  other  than  his  client. 

(10)  On  Encouraging  Good  Workmanship.  The  large  powers  with  which 
the  architect  is  invested  should  be  used  with  judgment.  While  he  must  condemn 
bad  work,  he  should  commend  good  work.  Intelligent  initiative  on  the  part  of 
craftsmen  and  workmen  should  be  recognized  and  encouraged  and  the  architect 
should  make  evident  his  appreciation  of  the  dignity  of  the  artisan's  function. 

(11)  On  Offering  Serrices  Gratuitously.  The  seeking  out  of  a  possible 
client  and  the  oflfering  to  him  of  professional  services  on  approval  and  wtihout 
COMPENSATION,  unlcss  Warranted  by  personal  or  previous  business  relations, 
tends  to  lower  the  dignity  and  standing  of  the  profession  and  is  to  be  condemned. 

(la)  On  Advertising.  Advertising  tends  to  lower  the  dignity  of  the  pro- 
fe«ion  and  is  therefore  oondenmed. 

(13)  On  Signing  Bufldings  and  Use  of  Titles.  The  display  of  the  archi- 
tect's name  upon  a  building  under  construction  is  condemned,  but  the  imob- 
trusive  signature  of  buildings  after  completion  has  the  approval  of  the 
Institute.  The  use  of  inriais  designating  membership  in  the  Institute  is  proper 
in  connection  with  any  professional  service  and  is  to  be  encouraged  as  helping 
to  make  known  the  nature  of  the  honor  they  imply. 

(14)  On  Competitions.  An  architect  should  not  take  part  in  a  competition 
as  a  COMPETTTOR  or  juror  unless  the  competition  is  to  be  conducted  according 
to  the  best  practice  and  usage  of  the  profession,  as  evidenced  by  its  having 
received  the  approval  of  the  Institute,  nor  should  he  continue  to  act  as  pro- 
fessional adviser  after  it  has  been  determined  that  the  program  cannot  be  so 
drawn  as  to  receive  such  approval.  When  an  architect  has  been  authorized  to 
submit  sketches  for  a  given  project,  no  other  architect  should  submit  sketches 
for  it  until  the  owner  has  taken  definite  action  on  the  first  sketches,  since,  as 
far  as  the  second  architect  is  concerned,  a  competition  is  thus  established. 
Except  as  an  authorized  competitor,  an  architect  may  not  attempt  to  secure 
work  for  which  a  competition  has  been  instituted.  He  may  not  attempt  to 
influence  the  award  in  a  competition  in  which  he  has  submitted  drawings.  He 
may  not  accept  the  commission  to  do  the  work  for  which  a  competition  has  been 
instituted  if  he  has  acted  in  an  advisory  capacity  either  in  drawing  the  program 
or  in  making  the  award. 

(is)  On  Injuring  Others.  An  architect  should  not  falsely  or  maliciously 
injure,  directly  or  indirectly,  the  professional  reputation,  prospects  or  business 
of  a  fellow  architea. 
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(i6)  On  TTndertaldng  the  Work  of  Others.  An  arcbitect  should  not 
undertake  a  commission  while  the  claim  for  compensation  or  damages  or  both, 
of  an  architect  previously  employed  and  whose  employment  has  been  termi- 
nated remains  unsatisfied,  unless  such  claim  has  been  referred  to  arbitration  or 
issue  has  been  joined  at  law;  or  unless  the  architect  previously  emplo3red  neg- 
lects to  press  his  claim  legally;  nor  should  he  attempt  to  supplant  a  feUow  archi- 
tect after  definite  steps  have  been  taken  toward  his  employment. 

(17)  On  Duties  to  Students  and  Draughtsmen.  The  architect  should 
advise  and  assist  those  who  intend  making  architecture  their  career.  If  the 
beginner  must  get  his  training  aoldy  in  the  office  of  an  architect,  the  latter  should 
assist  him  to  the  best  of  his  ability  by  instruction  and  advice.  An  architect 
should  urge  his  draughtsmen  to  avail  themselves  of  educational  oi^portunities. 
He  should,  as  far  as  practicable,  give  encouragement  to  all  worthy  agencies  and 
institutions  for  architectural  education.  While  a  thorough  technical  prepar- 
ation is  essential  for  the  practice  of  architecture,  architects  cannot  too  strongly 
insist  that  it  should  rest  upon  a  broad  foundation  of  general  culture. 

(x8)  On  Duties  to  the  Public  and  to  Building  Authorities.  An  archi 
tcct  should  be  mindful  of  the  public  welfare  and  should  participate  in  those 
movements  for  public  betterment  in  which  his  special  training  and  ezperieace 
qualify  him  to  act.  He  should  not,  even  under  his  ch'ent's  instructions,  engage 
in  or  encourage  any  practices  contrary  to  law  or  hostile  to  the  public  interest; 
for  as  he  is  not  obliged  to  accept  a  given  piece  of  work,  he  cannot,  by  urging  that 
he  has  but  followed  his  client's  instructions,  escape  the  condenmatioa  attaching 
to  his  acts.  An  architect  shoukl  support  all  public  offidab  who  have  charge 
of  building  in  the  rightful  performance  of  their  legal  duties.  He  shoukl  care- 
fully comply  with  all  building  laws  and  regulations,  and  if  any  such  appear  to 
him  unwise  or  imfair,  he  should  endeavor  to  have  them  altered. 

(19)  On  Professional  Qualifications.  The  public  has  the  right  to  expect 
that  he  who  bears  the  title  of  arghttect  has  the  knowledge  and  ability  needed 
for  the  proper  invention,  illustration  and  supervision  of  all  building  operations 
which  he  may  undertake.  Such  qualifications  alone  justify  the  assumption  ot 
the  title  of  architect. 

The  Canons  of  Ethics* 

The  Following  Canons  are  Adopted  by  The  American  Institute  of 
Architects  as  a  general  guide,  yet  the  enumeration  of  particular  duties  shoukl 
not  be  construed  as  a  denial  of  the  existence  of  others  equally  important  although 
not  specially  mentioned.  It  should  also  be  noted  that  the  several  sections 
indicate  offenses  of  greatly  varying  degrees  of  gravity.  It  is  unprofessional  for 
an  architect 

(i)  To  engage  directly  or  indirectly  in  any  of  the  building  trades. 

(a)  To  guarantee  an  estimate  or  contract  by  bond  or  otherwise. 

(3)  To  accept  any  commission  or  substantial  service  from  a  contractor  or 
from  any  interested  party  other  than  the  owner. 

(4)  To  advertise. 

(5)  To  take  part  in  any  competition  which  has  not  received  the  approval  of 
the  Institute  or  to  continue  to  act  as  professional  adviser  after  it  has  been  de- 
termined that  the  program  cannot  be  so  drawn  as  to  receive  such  approval. 

(6)  To  attempt  in  any  way,  except  as  a  duly  authorized  competitor,  to 
secure  work  for  which  a  competition  is  in  progress. 

*  Adopted,  December  14-16.  1909.    Revised,  December  lO-xa,  X91S. 
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(7)  To  attempt  to  influence,  either  directly  Or  indirectly,  the  award  of  a  com- 
petition in  which  he  is  a  competitor. 

(8)  To  accept  the  commission  to  do  the  work  for  which  a  competition  has  been 
instituted  if  he  has  acted  in  an  advisory  capadtyi  either  in  drawing  the  pro- 
gramme or  in  making  the  award. 

(9)  To  injure  falsely  or  maliciously^  directly  or  indirectly,  the  professional 
reputation,  prospects,  or  business  of  a  fellow  architect. 

(10)  To  undertake  a  commission  while  the  claim  for  compensation,  or  damages* 
or  both,  of  an  architect  previously  employed  and  whose  employment  has  been 
terminated  remains  unsatisfied,  until  such  claim  has  been  referred  to  arbitration 
or  issue  has  been  joined  at  law,  or  unless  the  architect  previously  employed 
neglects  to  press  his  claim  legally. 

(11)  To  attempt  to  supplant  a  fellow  architect  after  definite  steps  have  been 
taken  toward  hb  employment,  that  is,  by  submitting  sketches  for  a  project  for 
which  another  architect  has  been  authorized  to  submit  sketches. 

(12)  To  compete  knowingly  with  a  fellow  architect  for  employment  on  the 
basis  of  professional  charges. 

Professioiud  PmctiM  of  Architects.    Schedule  of  Proper  Mfainnim 
Charges  * 

(r)  The  architect's  professional  services  consist  of  the  necessary  conferences, 
the  preparation  of  preliminary  studies,  working  drawings,  specifications,  large 
scale  and  full-size  detail  drawings,  and  of  the  general  direction  and  supervision 
of  the  work,  for  which,  except  as  hereinafter  mentioned,  the  minimum  charge, 
based  upon  the  total  cost  t  of  the  work  complete,  is  6%. 

(2)  On  residential  work,  alterations  to  existing  buildings,  monuments,  furni- 
ture, decorative  and  cabinetwork  and  landscape-architecture,  it  is  proper  to 
make  a  higher  charge  than  above  indicated. 

(3)  The  architect  is  entitled  to  compensation  for  articles  purchased  under  his 
direction,  even  though  not  designed  by  him. 

(4)  If  an  operation  is  conducted  under  separate  contracts,  rather  than  under 
a  general  contract,  it  is  proper  to  charge  a  special  fee  in  addition  to  the  charges 
mentioned  elsewhere  in  this  schedule. 

(5)  Where  the  architect  is  not  otherwise  retained,  consultatioi^fees  for  pro- 
fessional advice  are  to  be  paid  in  proportion  to  the  importance  of  the  question 
involved  and  services  rendered. 

(6)  Where  heating,  ventilating,  mechanical,  structural,  electrical  and  sanitary 
problems  are  of  such  a  nature  as  to  require  the  services  of  a  specialist,  the  owner 
is  to  pay  for  such  services.  Chemical  and  mechanical  tests  and  aarvcys,  when 
required,  are  to  be  paid  for  by  the  owner. 

(7)  Necessary  traveling  expenses  are  to  be  paid  by  the  owner. 

(8)  If,  after  a  definite  scheme  has  been  approved,  changes  in  drawings,  speci- 
fications, or  other  documents  are  required  by  the  owner;  or  if  the  architect 
is  put  to  extra  labor  or  expense  by  the  delinquency  or  insolvency  of  a  contractor, 
the  architect  shall  be  paid  for  such  additional  services  and  expense. 

(9)  Payments  to  the  Architect  are  due  as  his  work  progresses  in  the  following 
order:  Upon  completion  of  the  preliminary  studies,  one-fifth  of  the  entire  fee; 

*  As  revised  at  the  Washington,  D.  C,  Convention,  December  15-17,  1908.  Re- 
printed by  pemussion. 

t  The  total  cost  is  to  be  interpreted  as  the  cost  of  all  materials  and  labor  necessary  to 
complete  the  work,  plus  contractors'  profits  and  expenses,  as  such  cost  woald  be  if  all 
materials  were  new  and  all  labor  fully  paid,  at  market  prices  current  when  the  work  was 
ordered.  ^  , 
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upon  comptetion  of  the  specifications  and  general  working  drawings  (exclusive 
of  details),  two-fifths  additional,  the  remainder  being  due  from  time  to  time  in 
proportion  to  the  amount  of  service  rendered.  Until  an  actual  estimate  is  re- 
ceived, charges  are  based  upon  the  proposed  cost  of  the  work  and  payments 
received  are  on  account  of  the  entire  fee. 

(lo)  In  case  of  the  abandonment  *  or  suspension  of  the  work,  the  basis  of 
settlement  is  to  be  as  follows:  For  preliminary  studies,  a  fee  in  accordance  with 
the  character  and  magnitude  of  the  work;  for  preliminary  studies,  specifications 
and  general  working  drawings  (exclusive  of  details),  three-fifths  of  the  fee  for 
complete  services. 

(ii)  The  superviaon  of  an  architect  (as  distinguished  from  the  continuous 
personal  superintendence  which  may  be  secured  by  the  employment  of  a  derk 
of  the  works  or  superintendent  of  construction)  means  such  inspection  by  the 
architect  or  his  deputy,  of  work  in  studios  and  shops  or  a  building  or  other  work 
in  process  of  erection,  completion  or  alteration,  as  he  finds  necessary  to  ascertain 
whether  it  is  being  executed  in  general  conformity  with  his  drawings  and  specifi- 
cations or  directions  He  has  authority  to  reject  any  part  of  the  work  which 
does  not  so  conform  and  to  order  its  removal  and  reconstrucdoa.  He  has 
authority  to  act  in  emergencies  that  may  arise  in  the  course  of  construction,  to 
order  necessary  changes,  and  to  define  the  intent  and  meaning  of  the  drawings 
and  specifications.  On  operations  where  a  clerk  of  the  works  or  superintendent 
of  construction  is  required,  the  architect  shall  employ  such  assistance  at  the 
owner's  expense. 

(12)  Drawings  and  specifications,  as  instruments  ofiiervice,  axe  the  property 
of  the  architect. 

ABCmTECTUBAL  COMPETITIONS  t 

This  CircuUr  of  Advice  furnishes  information  as  to  the  best  methods  of 
conducting  architectural  competitions  and  states  the  conditions  which  are  pre* 
requisite  to  participation  in  them  by  membus  of  The  American  Institute  of 
Architects.  It  does  not  apply  to  competitions  for  work  to  be  erected  elsewhere 
than  In  the  United  States,  its  territories  and  possessions. 

The  Attitude  of  The  American  Initltote  of  Ardiitectt  to  Competitioas. 
Since  its  foundation,  more  than  fifty  3rears  ago  (1857),  The  American  Institute 
of  Architects  has  given  much  attention  to  the  conduct  of  architzctural  cox- 
petitions.  These  contests,  instituted  when  the  direct  selection  of  an  architect 
could  not  be  made,  were  for  many  3rears  conducted  without  proper  regulation 
and  often  in  disregard  of  the  interests  both  of  the  owner  and  of  the  competitors. 
The  owner,  totally  unfamiliar  with  the  intricacies  of  the  subject,  assumed,  with- 

*  The  editor  is  advised  CFebruaiy,  191  s)  by  the  chairman  of  the  Committee  on  Schedule 
of  Charges  of  The  American  Institute  of  ArchitecU,  that  m  case  of  the  abandonment  of 
the  work,  or  in  case  the  architect  should  be  dischaxged  for  any  retaon,  pr  should  not 
superintend  the  work,  this  charge  for  full-size  details  b  to  be  an  addition  to  the  sum 
named  as  compensation  for  working  drawin(i;s  and  specifications. 

t  The  American  Institute  of  Architects.  Document  114.  Reprinted  by  penntssioo. 
Authorized  by  the  4sd  annual  convention  at  Washington,  D.  C,  December  14-X6. 1909: 
issued  March  30,  1910;  amended  June  xo,  19x0,  and  January  3,  X9xx;  ratified  by  the 
44th  annual  convention  at  San  Frandsoo,  January  xf-ax,  191  z;  reaffirmed  by  the  4Sth 
annual  convention  at  Washington,  D.  C;  amended  January  3.  xgia,  as  authorized  bf 
the  oonvention;  amended  December  9,  191  a,  and  ratified  by  the  46th  aiuiual  oonventioa 
at  Washington.  D.  C,  December  10-12.  191 3;  amended  December  2.  X913.  and  ratified 
by  the  47th  annual  convention  at  New  Orleans.  La.,  December  3-5,  19x5;  amended  and 
-atified  by  the  48ch  annual  convention  at  Washington,  D.  C,  December  2-4, 19x4. 
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out  skilled  assistance,  to  prepare  the  programme,  laying  down,  or  more  frequently 
ignoring,  rules  to  govern  procedure.  With  the  growth  of  the  country,  the  in« 
crease  in  expenditures  for  public  and  private  buildings,  and  the  increase  in  the 
number  of  architects,  all  the  evils  of  ill-regulated  competitions  became  more 
marked.  Progranunes  varied  from  loose  and  careless  forms,  difficult  to  under- 
stand and  often  open  to  the  suspicion  that  only  the  initiated  knew  what  they 
meant,  to  over-elaborate  ones  necessitating  useless  study  of  details  and  needless 
drawings.  Those  instituting  the  competition  often  had  no  legal  authority  to  pay 
any  competitors,  still  less  to  employ  the  winner.  There  was  great  economic 
waste,  the  total  cost  of  participation  exceeding  the  total  net  profit  accruing  to  the 
profession  from  work  secured  through  competitions.  Architects  have  learned 
that  the  outcome  of  a  competition,  unless  governed  by  well-defined  agreements, 
is  largely  a  matter  of  chance.  The  owner  has,  to  be  sure,  a  choice  of  designs,  but 
he  is  no  more  likely  to  make  the  wisest  selection  or  to  obtain  the  best  building 
than  if  he  selects  his  architect  directly,  guided  by  the  results  i»eviously  achieved 
by  the  men  he  b  considering.  When  a  competition  is  necessary  or  desirable 
it  should  be  of  such  form  as  to  establish  equitable  relations  between  the  owner 
and  the  competitors.    To  insure  this: 

(i)  The  REQUiREifENTS  should  be  clear  and  definite,  and  the  statement  of 
them,  since  it  must  be  in  technical  terms,  should  be  drawn  by  one  familiar  with 
such  terms. 

(2)  The  COMPETENCY  of  all  competing  should  be  assured.  The  drawings  sub- 
mitted in  a  competition  are  evidence,  only  in  part,  of  the  ability  of  the  architect 
to  execute  the  building.  The  owner,  for  his  own  protection,  should  admit  to 
the  competition  only  those  to  whom  he  would  be  willing  to  entrust  the  work; 
that  is,  to  men  of  known  honesty  and  competence. 

(3)  The  AGREEMENT  between  the  owner  and  the  competitors  shoukl  be  defi- 
nite, as  becomes  a  plain  statement  of  business  relations. 

(4)  The  JUDGMENT  should  be  based  on  knowledge,  and  since  ideas  presented 
in  the  form  of  drawings  are  intelligible  only  to  a  trained  mind,  judgment  should 
not  be  rendered  until  the  owner  has  received  competent  technical  advice  as  to 
the  merits  of  those  ideas. 

To  sum  up:  To  insure  the  best  results,  a  competition  should  have  (i)  a  dear 
programme,  (2)  competent  competitors,  (3)  a  business  agreement,  (4)  a  fair 
judgment. 

Fifteen  years  ago  (1900)  many  competitions  had  none  of  these  provisions  and 
few  had  aU  of  them.  The  commonest  form  of  competition  was  one  that  was 
open  to  all,  had  a  progranmie  prepared  by  a  lajrman,  was  judged  by  the  owner 
without  professional  assistance,  contained  no  agreement,  and  made  no  provision 
to  eliminate  the  incompetent.  All  this  demanded  correction.  The  Institute, 
seeking  a  means  of  reform,  perceived  at  once  that  its  relation  to  the  owner  could 
be  only  an  advisory  one.  It  might  advise  him  how  to  hold  a  competition, 
but  it  could  go  no  further.  To  architects  fK  general  the  Institute  could 
scarcely  presume  to  offer  even  its  advice,  but  being  a  professional  body 
charged  with  maintaining  ethical  standards  among  its  own  members,  its  duty 
was  to  see  that  they  did  not  take  part  in  competitions  that  fell  below  a  reason- 
able standard. 

It  was,  therefore,  voted  in  convention  of  the  Institute  that  members  should 
be  free  to  take  part  in  competitions  only  when  their  terms  had  received  the 
APPROVAL  OF  THE  iNSTrTtTTE.  Thereupon  the  Institute  fully  stated  the  prin- 
ciples which  should  govern  competitions  and  defined  the  conditions  prerequisite 
to  the  giving  of  its  approval.  These  are  contained  in  the  Circxtlar  of  Advice 
here  foUowing,  which  is  intended  as  a. guide  to  all  who  are  interested  in  com- 
petitions.   Committees  of  the  Institute  throughout  the  country  are  authorised 
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to  give  Its  ftpproval  to  competitions  when  properiy  conducted,  but  unless  a 
programme  has  received  such  approval  members  of  the  Institute  do  not  accept 
a  position  as  competitor  or  juror,  nor  does  a  member  continue  to  act  as  profe»- 
donai  adviser  after  it  becomes  evident  that  the  owner  will  not  permit  his 
programme  to  be  brought  into  harmony  with  the  principles  approved  by  the 
Institute. 

The  position  thus  taken  by  the  Institute  is  by  no  means  an  arbitrary  one.  since 
it  governs  the  action  of  none  but  its  own  members.  To  the  owner  its  service 
has  been  of  great  value  in  giving  him  information  and  useful  advice  and  in  saving 
him  from  the  delays,  cost  and  disappointment  incident  to  the  amateur  conduct 
of  a  competition.  The  owner  who  disregards  the  standard  set  by  the  Institute 
finds  it  increasingly  difficult  to  get  men  of  standing  in  the  profession  to  enter. 
He  who  raises  his  programme  to  that  standard  has  no  difficulty  in  securing  the 
services  of  architects  of  the  greatest  ability.  Even  in  the  few  years  since  the 
Institute  first  made  its  firm  stand  against  the  abuses  of  competitions,  the  effect 
of  that  action  has  been  far  greater  than  could  have  been  foreseen.  It  has  not 
altogether  eliminated  ill-regulated  competitions,  but  it  has  greatly  reduced  their 
number,  and  it  is  safe  to  say  that  no  competition  of  prime  importance  is  now 
conducted  except  in  accordance  with  the  principles  stated  In  the  following  Crs- 
CULAR  ot  Advice: 

A  Circular  of  Advice  and  Information  Relative  to  the  Conduct  of 
Architectural  Competitions 

Compatitiona  are  instituted  to  enable  the  owner  *  to  chooae  an  axchttect 
through  comparison  of  the  designs  submitted.  The  American  Institute  of  Archi- 
tects, believing  that  the  interests  of  both  owner  and  competitors  are  best  served 
by  fair  and  equitable  agreements  between  them,  issues  this  circular  as  a  state- 
ment or  THE  PRINCIPLES  which  should  underlie  such  agreements.  The  Institute 
does  not  assume  to  dictate  the  owner's  course  in  conducting  competitions,  but 
aims  to  assist  him  by  advising  the  adoption  of  such  methods  as  experience  has 
proved  to  be  just  and  wise.  So  important,  however,  does  the  adoption  of  such 
methods  appear  to  architects  that  members  of  the  Institute  do  not  take  part  m 
competitions  except  under  conditions  based  on  this  circular  and  specifically  set 
forth  in  Articles  (i6)  and  (i8). 

(i)  On  Competitions  in  General.  A  competition  exists  when  two  or  more 
architects  prepare  sketches  at  the  same  time  for  the  same  project,  but  no  archi- 
tect who  prepares  drawings  for  comparison  in  problems  of  an  altruistic  or  edu- 
cational nature,  where  the  problem  does  not  involve  a  definite  proposed  buUdlng 
operation,  shall  be  held  as  havhig  taken  part  in  a  competition,  within  the  mean- 
ing of  this  circular  of  advice. 

(a)  On  the  Employment  ^f  a  Professional  Adviser.  No  competitioD 
shall  be  instituted  without  the  aid  of  a  competent  adviser.  He  should  be  an 
architect  of  the  highest  standing  and  his  selection  should  be  the  owner's  fir>t 
step.  He  must  be  chosen  with  the  greatest  care,  as  the  success  of  the  competition 
will  depend  largely  upon  his  experience  and  ability.  The  expert's  AD\acE  is 
of  great  value  to  the  owner,  for  example,  in  so  drawing  the  programme  as  to 
safeguard  him  against  the  employment  of  an  architect  who  submits  a  design 
largely  exceeding  in  cost  of  execution  the  sum  at  his  disposal,  and  in  helping  him 
to  avoid  the  disappointment,  embarrassment  and  litigation  which  so  often  result 
from  competitions  conducted  without  expert  technical  advice.    The  duties 

*  The  person,  corporation  or  other  entity  instituting  a  competition,  whether  acting 
directiy  or  through  reprtsenutives,  is  herein  called  the  owaaa. 
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or  THE  BXPE&T  are  to  advise  those  wiio  hold  the  competition  as  to  ita  form  and 
terms,  to  draw  up  the  programme,  to  advise  in  choosing  the  competitors,  to 
answer  their  questions^  and  to  conduct  the  competition. 

(3)  On  the  Forma  of  Competition.  The  following  fonns  of  oompetitbn 
are  recognized: 

LnnTED.  In  this  form,  participation  is  limited  to  a  certain  number  of  archi- 
tects whose  names  should  be  stated  in  the  programme  and  to  any  one  of  whom 
the  owner  is  willing  to  entrust  the  work.  In  a  umitkd  coMPBrmoN  the  com- 
petitors may  be  chosen  (a)  from  among  architects  whose  ability  is  so  evident 
that  no  formal  inquiry  into  their  qualifications  is  needed,  or  (b)  from  among 
architects  who  make  application  accompanied  by  evidence  of  their  education 
and  experience.  The  limited  form  has  the  advantage  that  the  owner  and  the 
professional  adviser  may  meet  competitors  and  discuss  the  terms  of  the  com< 
petition  with  them  before  the  issuance  of  the  programme.  Form  (a)  is  the 
simplest  and  most  direct  form  of  competition. 

Open.  The  Institute  believes  that  a  competition  open  to  all  who  wish  to 
{participate  without  regard  to  their  qualifications  is  detrimental  to  the  interests 
alike  of  owner  and  of  architects.  It  will,  therefore,  give  its  approval  to  that  form 
only  when  conducted  in  two  stages,  since  by  that  means  alone  it  is  posable  to 
insure  anonymity  of  submission  while  safeguarding  the  owner's  interests  against 
the  selection  as  winner  of  a  person  lacking  the  qualifications  set  forth  in  Article 
(4)  hereof.  In  this  form  there  is  a  first  stage  open  to  all,  in  which  the  com- 
petitive drawings  are  of  the  slightest  nature,  involving  only  the  fundamental 
ideas  of  the  solution.  These  drawings  are  accompanied  by  evidence  of  the  com- 
petitor's education  and  experience.  From  the  first  stage  a  small  number  who 
h^e  thus  demonstrated  their  competence  to  design  the  work  and  to  carry  it 
successfully  into  execution  are  chosen  to  take  part  in  a  final  and  strictly  anony- 
mous STAGE  involving  competitive  drawings  of  the  type  indicated  in  Article  (8) 
hereof. 

(4)  On  the  Qualification  of  Competitors.  The  interests  of  the  owner 
may  be  seriously  prejudiced  by  admitting  to  a  limited  competition  or  to  the 
second  stage  of  an  open  competition  any  architect  who  has  not  established  to 
the  satisfaction  of  the  owner  his  competence  to  design  and  execute  the  work. 
It  is  sometimes  urged  that  by  admitting  all  who  wish  to  take  part  some  unknown 
but  brilliant  designer  may  be  found.  If  the  object  of  a  competition  were  a  set 
of  sketches,  such  reasoning  might  be  valid.  But  sketches  give  no  evidence  that 
their  author  has  the  matured  artistic  ability  to  fulfil  their  promise,  or  that  he 
has  the  technical  knowledge  necessary  to  control  the  design  of  the  highly  com- 
plex structure  and  equipment  of  a  modem  building,  or  that  he  has  executive 
ability  for  large  affairs,  or  the  force  to  compel  the  proper  execution  of  contracta 
Attempts  have  often  been  made  to  defend  the  owner's  interests  by  associating 
an  architect  of  ability  with  one  lacking  in  experience;  These  have  generally 
resulted  in  failure.  As  the  owner  should  feel  bound,  not  only  legally,  but  in 
point  of  honor,  to  retain  as  his  architect  the  competitor  to  whom  the  award  is 
made,  it  is  essential  that  the  competitors  in  a  limited  competition,  or  in  the 
second  stage  of  an  open  competition,  should  be  selected  with  the  greatest  care  in 
consultation  with  the  professional  adviser,  and  that  there  should  be  included 
among  them  only  architects  in  whose  ability  and  integrity  the  owner  has  abso- 
lute confidence,  and  to  any  one  of  whom  he  is  willing  to  entrust  the  work. 

(s)  On  the  Kumber  of  Competitors.  Experience  has  demonstrated  that 
the  admission  of  many  coMPETrroRs  is  detrimental  to  the  success  of  a  competi- 
tion. When  there  are  many,  eSch  knows  that  he  has  but  a  slight  chance  of 
success,  and  he  is  therefore  less  aroused  to  his  best  effort  than  when  there  are  but 
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a  few.    As  the  owner  is  interested  only  in  the  best  result,  he  is  Hl-advised  to 
sacrifice  quality  for  quantity. 

(6)  On  Anonymity  of  Competitors.  Absolute  and  effective  ANONYMrnr 
is  a  necessary  condition  of  a  fair  and  unbiased  competition.  The  signing  op 
DRAWINGS  should  not  be  permitted  nor  should  they  bear  any  motto,  device  or 
distinguishing  mark.  Drawings  and  the  accompanying  sealed  envelopes  con- 
taining their  authors'  names  should  be  numbered  upon  receipt,  the  envelopes 
remaining  unopened  until  after  the  award. 

(7)  On  the  Cost  of  the  Proposed  Work.  No  statement  of  the  intended 
COST  OF  THE  WORK  should  be  made  unless  it  has  been  ascertained  that  the  work 
as  described  in  the  programme  can  be  properly  executed  within  the  sum  named. 
In  general  it  is  wiser  to  limit  the  cubic  contents  of  the  building  than  to  state  a 
limit  of  cost.  The  programme  should  neither  require  nor  permit  competitors 
to  furnish  their  own  or  builders'  estimates  of  the  cost  of  executing  the  work  in 
accordance  with  their  designs.  Such  estimates  are  singularly  unreliable.  If 
the  cubage  be  properly  limited  they  are  unnecessary. 

(8)  On  the  Jury  of  Award.  To  insure  a  wise  and  just  award  and  to  pro- 
tect the  interests  of  both  the  owner  and  the  competitors,  the  competitive  draw- 
ings should  be  submitted  to  a  jury  so  chosen  as  to  secure  expert  knowledge  and 
freedom  from  personal  bias.  Such  a  jury  thoroughly  understands  and  can 
explain  the  intent  of  the  drawings.  It  discovers  from  them  their  authors* 
skill  in  design,  arrangement  and  construction.  Because  of  its  trained  judgment 
its  advice  as  to  the  merits  of  the  designs  submitted  is  of  the  highest  value  to  the 
owner.  The  jury  must  consist  of  at  least  three  members,  one  of  whom  must, 
and  a  majority  of  whom  should,  be  pkAcriciNG  architects.  One  or  mpre 
members  of  the  jury  may  be  chosen  by  the  competitors.  It  is  the  duty  of  the 
JURY  to  study  carefully  the  programme  and  all  conditions  relating  to  the  problem 
and  the  competition  before  examining  the  designs  submitted;  to  refuse  to  make 
or  recommend  an  award  in  favor  of  the  author  of  any  design  that  does  not  fulfil 
the  conditions  distinctly  stated  as  mandatory  in  the  programme;  to  give  ample 
time  to  the  careful  study  of  the  designs;  and  to  render  a  dedston  only  after 
mature  consideration.  The  jury  should  see  to  it  that  a  copy  of  its  report  reaches 
every  competitor.  The  professional  adviser  should  not  be  a  member  of  the 
jury,  as  his  judgment  is  apt  to  be  influenced  by  his  previous  study  of  the  problem. 

(9)  On  the  Competitive  Drawings.  The  purpose  of  an  architectural  com- 
petition is  not  to  secure  fully  developed  plans,  but  such  evidence  of  skill  in  treat- 
ing the  essential  elements  of  the  problem  as  will  assist  in  the  selection  of  an 
architect.  The  drawings  should,  therefore,  be  as  few  in  number  and  as  simple 
in  character  as  will  express  the  general  design  of  the  building.  A  jury  of  experts 
does  not  need  elaborate  drawings. 

(xo)  On  the  Programme.  The  programme  should  contain  rules  for  the 
conduct  of  the  competition,  instructions  for  competitors  and  the  jury,  and  the 
agreement  between  the  owner  and  the  competitors.  Uniform  conc^tions  for  all 
competitors  are  fundamental  to  the  proper  conduct  of  competitions.  Lengthy 
programmes  and  detailed  instructions  as  to  the  desired  accommodations  should 
be  avoided  as  they  confuse  the  problem  and  hamper  the  competitors.  The 
problem  should  be  stated  broadly.  Its  solutions  should  be  left  to  the  competi- 
tors. A  distinction  should  be  clearly  drawn  between  the  mandatory  and  the 
ADVISORY  provisions  of  the  programme,  that  is,  between  those  which,  if  not  met, 
preclude  an  award  in  favor  of  the  author  of  a  design  so  failing,  and  those  which 
are  merely  optional  or  of  a  suggestive  charactA'.  The  mandatory  requirements 
should  be  set  forth  in  such  a  way  that  they  cannot  fail  to  be  recognized  as  such. 

le 


y  Google 


AgreemeDt  of  Appointment  1657 

Tbey  should  be  as  few  as  possible,  and  should  relate  only  to  matters  which 
cannot  be  left  to  the  discretion  of  the  competitors.  It  is  difficult  to  summarize 
briefly  the  prognunme,  but  it  should  at  least: 

(a)  Name  the  owner  of  the  structure  forming  the  subject  of  the  competition, 
and  state  whether  the  owner  institutes  the  competition  personally  or  through 
representatives;  if  the  latter,  name  the  representative^  state  how  their  author- 
ity is  derived,  and  define  its  scope. 

(b)  State  the  kind  of  competition  to  be  instituted,  and  in  limited  competitions 
name  the  competitors;  or  in  open  competitions,  if  the  competition  is  limited 
geographically  or  otherwise,  state  the  limits. 

(c)  Fix  a  time  and  place  for  the  receipt  of  the  designs.  The  time  should  not 
be  altered  except  with  the  unanimous  consent  of  the  competitors. 

(d)  Furnish  exact  information  as  to  the  site. 

(e)  State  the  desired  accommodation,  avoiding  detail. 

(f)  State  the  cost  if  it  be  fixed  or,  better,  limit  the  cubic  contents. 

(g)  Fix  uniform  requirements  for  the  drawings,  giving  the  number,  the  scale 
or  sodes,  and  the  method  of  rendering. 

(h)*Forbid  the  submission  of  more  than  one  design  by  any  one  competitor. 

(i)  Provide  a  method  for  insuring  anonymity  of  submission. 

Q)  Name  the  members  of  the  jury  or  provide  for  their  selection.  Define 
their  powers  and  duties.  If  for  legal  reasons  the  jury  may  not  make  the  final 
award,  state  such  reasons  and  in  whom  such  power  is  vested. 

(k)  Provide  that  no  award  shall  be  made  in  favor  of  any  design  until  the  jury 
shall  have  certified  that  it  does  not  violate  any  mandatory  requirement  of  the 
programme. 

(1)  Provide  that  during  the  competition  there  shall  be  no  communication 
relative  to  it  between  any  competitor  and  the  owner,  his  representatives,  or  any 
member  of  the  jury,  and  that  any  communication  with  the  professional  adviser 
shall  be  in  writing.  Provide  also  that  any  information,  whether  in  answer  to 
such  communications  or  not,  shall  be  given  in  writing  simultaneously  to  all 
competitors.    Set  a  date  after  which  no  questions  will  be  answered. 

(m)  State  the  number  and  amount  of  pa3rments  to  competitors. 

(n)  Provide  that  the  professional  adviser  shall  send  a  report  of  the  competi- 
tion to  each  competitor,  including  therein  the  report  of  the  jury. 

(o)  Provide  that  no  drawing  shall  be  exhibited  or  made  public  until  after  the 
award  of  the  jury. 

(p)  Provide  for  the  return  of  unsuccessful  drawings  to  their  respective  authors 
within  a  reasonable  time. 

(q)  Provide  that  nothing  original  in  any  of  the  unsuccessful  designs  shall  be 
iised  without  consent  of,  and  compensation  to,  the  author  of  the  design  in  which 
it  appears. 

(r)  Include  the  contract  between  the  owner  and  the  competitors. 

(s)  Include  the  contract  between  the  owner  and  the  architect  receiving  the 
award. 

(iz)  On  the  Agreement.  An  owner  who  institutes  a  competition  assumes 
a  monU  obligation  to  retain  one  of  the  competitors  as  his  architect.  In  order 
that  architects  invited  to  compete  may  determine  whether  they  will  take  part 
it  is  essential  that  they  should  know  the  terms  upon  which  the  winner  wiU  be 
emploved;  and  it  is  of  the  utmost  importance  to  the  owner  that  those  terms 
should  be  so  dearly  defined  that  no  disagreement  as  to  their  meaning  can  arise 
after  the  award  is  made.  Unless  they  be  so  defined,  delay  is  likely  to  occur  and 
disagreements  to  arise  at  a  time  when  a  complete  understanding  between  owner 
and  architect  is  most  important  for  the  welfare  of  the  work.    Therefore,  there 
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must  be  indoded  in  the  programme  a  form  which  guaranteea  the  appointment 
of  one  of  the  competitors  as  architect  and  i^ovides  an  agreement  operative 
upon  that  appointment,  defining  his  employment  in  terms  ooosonant  with  the 
best  practice.  This  must  conform  in  all  fundamental  respects  to  the  typical 
f onn  of  agreement  appended  to  this  circular. 

(X2)  On  Payments  to  UnattccMsfiil  CompetitDrs.  In  a  limited  com- 
petition and  in  the  second  stage  of  an  open  competition  each  competitor, 
except  the  winner,  should  be  paid  for  his  services. 

(23)  On  Legality  of  Procedure.  It  b  highly  important  that  each  step 
taken  in  connection  with  a  competition  and  every  provision  of  the  programme 
should  be  in  consonance  with  law.  Those  charged  with  holding  the  competition 
should  know  and  state  their  authority.  If  they  are  not  empowered  to  biod  their 
principal  by  contracts  with  the  competitors,  Uiey  should  seek  and  receive  such 
authority  before  issuing  an  invitation.  If  authority  cannot  legally  be  granted 
to  the  jury  to  make  the  award,  that  fact  should  be  stated,  and  the  body  named 
in  which  such  authority  is  vested. 

(14)  On  the  Conduct  of  the  Owner.  In  order  to  maintain  afagolute 
impartiality  toward  all  competitors,  the  owner,  his  representatives  and  all  con- 
nected with  the  enterprise  should,  as  soon  as  a  professional  adviser  has  been 
appointed,  refrain  from  holding  any  communication  in  regard  to  the  matter 
with  any  architect  except  the  adviser  or  the  jurors.  The  meeting  with  com- 
petitors described  in  Article  (3)  is  of  course  an  exception. 

(15)  On  the  Conduct  off  Architects.  An  architect  should  not  attempt 
in  any  way,  except  as  a  duly  authorized  competitor,  to  secure  work  for  wiiich  a 
competition  is  in  progress,  nor  should  he  attempt  to  influence,  either  directly 
or  indirectly,  the  award  in  a  competition  in  which  he  is  a  competiton  An  archi- 
tect should  not  accept  the  commission  to  do  the  work  for  which  a  oompetitioD 
has  been  instituted  if  he  has  acted  in  an  advisory  capacity,  either  in  drawing  the 
programme  or  making  the  award.  An  architect  should  not  submit  in  competi- 
tion a  design  which  has  not  been  produced  in  his  own  office  or  under  hb  own 
direction.  No  competitor  should  enter  into  association  with  another  architect 
except  with  the  consent  of  the  owner.  If  such  associates  should  win  the  com- 
petition, their  association  should  continue  until  the  completion  of  the  work 
thus  won.  During  the  competition,  no  competitor  should  hold  any  communi- 
cation relative  to  it  with  the  owner,  his  representatives  or  any  member  of  the 
jury,  nor  should  he  hold  any  communication  with  the  professional  adviser,  except 
it  be  in  writing.  When  an  architect  has  been  authorized  to  submit  sketches 
for  a  given  project,  no  other  architect  should  submit  sketches  for  it  until  the 
owner  has  taken  definite  action  on  the  first  sketches,  since,  as  far  as  the  second 
architect  is  concerned,  a  competition  is  thus  established. 

(x6)  On  the  Participation  of  Members  of  the  Institute.  Members  of 
The  An^erican  Institute  of  Architects  do  not  take  part  as  competitors  or  jurors 
in  any  competition  the  progranune  of  which  has  no^ received  the  formal  approval 
of  the  Institute,  nor  does  a  member  continue  to  act  as  professional  adviser  after 
it  has  been  determined  that  the  programme  cannot  be  so  drawn  as  to  receive 
such  approval. 

(17)  Committees.*  In  order  that  the  advice  of  the  Institute  may  be  given 
to  those  who  seek  it  and  that  its  approval  may  be  given  to  programmes  ii)  con- 
sonance with  its  principles,  the  Institute  maintains  the  folbwing  committees: 

(a)  The  Standing  Coic«i-rrEE  on  CoicPETmoNS,  representing  the  Institute 
in  its  relation  to  competitions  generally.  This  committee  advises  the  subcom- 
mittees  and  directs  their  work  and  they  report  to  it. 
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(b)  A  BDBCOifMRTEB  for  the  territor:^  of  each  chapter,  repraaenting  the 
Institute  in  its  relation  to  compettttons  for  work  to  be  erected  within  such 
territory. 

The  president  of  the  chapter  la  EX-omcio  chairman  of  the  luhaimgiittee; 
the  otbsr  members  of  which  he  appoints.  The  subcommittees  detiire  theur' 
authority  from  the  Institute  and  not  from  the  chapters.  An  appeal  from  the 
decision  of  a  subcommittee  may  be  made  to  the  ^landing  committee.  The 
standing  oomnlttee  may  approve,  modify  or  annul  thf  decision  of  a  subcom- 
mittee. 

(x8)  The  Institute's  ApproTSi  of  ths  Ptognunms.  The  approval  of  the 
Institute  is  not  given  to  a  pcogramme  unless  it  meets  the  f oUowing  essential 
conditions: 

(a)  That  there  be  a  professional  adviser. 

(b)  That  the  competition  be  of  one  of  the  forms  described  in  Article  (3). 

(c)  That  the  programme  contain  an  Agrseicknt  and  Conditions  of  Con- 
iKAcr  between  architect  and  owner  in  conformity  with  those  printed  in  the 
Appendix  of  this  circular,  that  it  include  no  provision  at  variance  therewith, 
that  it  contain  terms  of  payments  in  accord  with  good  practice,  and  that  it  spe- 
cifically set  forth  the  nature  of  expert  engineering  services  for  which  the  architect 
will  be  reimbursed. 

(d)  That  the  programme  make  provision  for  a  jury  of  at  least  three  persons. 

(e)  That  the  programme  conform  in  all  particulars  to  the  spirit  of  this  cir- 
cular. 

When  the  programme  meets  the  above  essential  conditions,  the  approval  of 
the  Institute  may  be  given  to  it  by  the  subcommittee  for  the  territory  in  which 
the  work  is  to  be  erected,  or  if  there  be  no  subcommittee  for  that  territory,  then 
b^  the  standing  committee  on  competitions.  If,  for  legal  or  other  reasons,  the 
gtand^ng  committee  deem  that  deviations  from  the  essential  conditions  are 
justified,  it  may  give  the  approval  of  the  Institute  to  a  programme  containing 
such  deviations.  Power  to  give  approval  in  such  cases  b,  however,  vested  only 
in  the  standing  committee.  The  professional  adviser,  when  duly  authorized 
in  writing  by  the  proper  committee,  may  print  the  Institute's  approval  as 
a  part  of  the  programme  or  otherwise  communicate  it  to  tboie  hmted  to 
compete. 

Typicsl  Form  of  Agreement  between  Owner  and  Competitors 

In  consideration  of  the  subnusslon  of  drawings  In  this  competition  (here  insert 
the  name  of  the  owner  or  of  the  body  duly  authorised  to  enter  into  contracts 
on  behalf  of  the  owner),  hereinafter  caUed  the  ownbk,  agrees  with  the  competi- 
tors jointly  and  severally  that  the  owner  will,  within days  of  the  date 

set  for  the  submission  of  drawings,  make  an  award  of  the  commission  to  design 
and  supervise  the  work  forming  the  subject  of  this  competition  to  one  of  those 
Competitors  who  submit  drawings  in  consonance  with  the  mandatory  require- 
ments of  this  programme,  and  will  thereupon  pay  hun,  on  account  of  his  service^ 
as  architect,  one-tenth  of  his  total  estimated  fee  as  stated  below.  And  further. 
In  consideratbn  of  the  submission  of  drawings  as  aforesaid  and  the  mvtual 
promises  enumerated  in  the  subjoined  CoNornoNS  of  Contract  between 
AncHrTECT  and  Owner,  the  owner  agrees  and  each  competitor  agrees,  if  the 
award  be  made  in  his  favor.  Immediately  to  enter  into  a  contract  containing  all 
the  CoNDrnoNS  here  following,  and  until  such  contract  b  executed  to  be  bound 
by  the  said  Condxtionb. 
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Conditloiis  of  Contract  betweon  Architect  and  Owner 

Article  I.    Duties  of  the  ARCHiTEcr 

(x)  Deaign.    The  architect  b  to  desij^i  the  entire  building  and  its  immediate 
'  surroundings  and  is  to  design  or  direct  the  design  of  its  constructive,  engineering 
and  decorative  work  and  its  fixed  equipment  and,  if  further  retained,  its  movable 
furniture  and  the  treatment  of  the  remainder  of  its  grounds. 

(2)  DrAwingt  and  Speclflcations.  The  architect  is  to  make  such  revision 
of  his  competitive  scheme  as  may  be  necessary  to  complete  the  preliminary 
studies;  and  he  is  to  provide  drawings  and  spedficaUons  necessary  for  the  con- 
duct of  the  work.  All  such  instruments  of  service  are  and  remain  tiie  property 
of  the  architect. 

(3)  Administration.  *rhe  architect  is  to  prepare  or  advise  as  to  all  forms 
connected  with  the  making  of  proposals  and  contracts,  to  issue  all  certificates 
of  payment,  to  keep  proper  accounts  and  generally  to  discharge  the  necessary 
administrative  duties  connected  with  the  work. 

(4)  Supervisioii.  The  architect  is  to  supervise  the  execution  of  all  the  work 
committed  to  his  control. 

Article  n.    Duties  or  the  Owner 

(z)  Payments.    The  owner  is  to  pay  the  architect  for  his  services  a  sum 

equal  to per  cent  *  upon  the  cost  of  the  work.    (The  times  and  amounts 

of  payments  should  be  here  stated.)  f 

(2}  Reimbttrsements.  The  owner  is  to  reimburse  the  architect,  from  time 
to  time,  the  amount  of  expenses  necessarily  incurred  by  him  or  Us  deputies 
while  travelmg  in  the  discharge  of  duties  connected  with  the  work. 

(3)  Service  of  Engineers.  The  owner  is  to  reimburse  the  architect  the  cost 
of  the  services  of  such  engineers  for  heating,  mechanical  and  electrical  work  as 
are  specifically  provided  for  in  each  programme.  The  selection  of  such  engineen 
and  their  compensation  shall  be  subject  to  the  approval  of  the  owner. 

(4)  Information,  Clerk  of  the  Works,  etc.  The  owner  is  to  give  all  in- 
formation as  to  his  requirements;  to  pay  for  all  necessary  surveys,  borings  and 
tests,  and  for  the  continuous  services  of  a  clerk  of  the  works,  whose  competence 
Is  approved  by  the  architect. 

/Standard  Form  of  Competition-Programme  t 

The  following  standard  form  of  CoupETrnoN-PROoRAMME,  prepared  by  The 
American  Institute  of  Architects,  contains  those  provisions  wUch  the  Institute 
considers  essential  to  the  fair  and  equitable  conduct  of  a  competition.  The 
Institute  in  no  way  assumes  or  attempts  to  dictate  an  Owner's  course  in  coo- 
ducting  a  competition;  it  claims  only  the  right  to  control  its  own  members,  and 
having  found  by  experience  the  danger  to  the  jnterests  of  both  Owner  and 
Comfeteior  from  a  competition  in  which  such  provisions  are  lacking,  it  per- 

*  The  percentage  inserted  should  be  in  aocord  with  good  practice. 

t  Good  practice  has  established  the  paymenta  on  account  as  follows:  Upon  completioa 
of  the  preliininary  studies  one-fifth  of  the  total  estimated  fee  less  the  previous  payment; 
upon  completion  of  oontract-drawings  and  specifications  two-fifths  additional  of  soch  fee; 
for  other  drawings,  for  supervision  and  for  administration,  the  remainder  ol  the  lee, 
from  time  to  time,  in  proportion  to  the  progress  of  the  work. 

X  The  American  Institute  of  Architects,  Document  Z15,  Washington,  D.  C,  Febnuos 
191 5  •    Reprinted  by  permission. 
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nuts  M  ittdmbef  to  take  part  in  any  competition  which  does  not  meet  those 
essential  conditions,  and  the  programme  of  which  has  not  been  specifically 
approved.  A  competition  should  be  of  such  form  as  to  establish  equitable  rela- 
tions between  the  Owner  and  the  Competitor.  To  insure  this,  the  require- 
ments should  be  clear  and  definite;  the  competency  of  the  Coicpetitors  should 
be  assured;  the  agreement  between  the  Owner  and  Competitors  should  be 
definite*  as  becomes  a  plain  statement  of  business  relations;  and  the  judgment 
should  be  based  on  expert  knowledge.  The  following  programme  will,  if  adhered 
to,  be  duly  approved  by  the  Institute  Subcommittees  on  Competitions  for 
the  various  chapters  of  the  Institute,  and  by  the  Standing  Committee  on 
CoMPBxmoNS  of  the  Institute. 

Programme  of  Competition  for 

(Insert  name  of  proposed  building) 
NOTE.    Throughout  this  progiamnM  the  word  Owner  a  used  to  indicate  either  the 
owner  in  person,  or  those  to  whom  he  hsi  delegated  his  powers. 

PART  I 

(x)  Proposed  Building.    The 

(Insert  name  of  owner) 

proposes  to  erect  a  new 

(Insert  name  of  boilding) 

on  the  site  at 

(Insert  location) 

(2)  Authority.    The 

(Insert  name  of  owner) 

has  (delegated  to > 

(Insert  name  or  names  of  individuals) 
authority  to  select  an  ARCHrrEcr  to  prepare  the  plans  for,  and  supervise  th^ 
erection  of  the  building. 

NOTE.  If  authority  for  the  erection  of  the  proposed  boilding  is  granted  by  act  of 
legislature,  ordinance,  etc.,  it  is  desirable  to  make  clear  the  source  of  such  authority.  - 

(3)  Architectural  Adviser.  The  Owner  has  appointed  as  his  expert  Pro- 
fessional Adviser 

(Insert  name  and  address  of  adviser) 
to  prepare  this  programme  and  to  act  as  his  Adviser  in  the  conduct  of  this 
competition. 

NOTE.  No  competition  shall  be  instituted  without  the  aid  of  a  competent  adviser. 
He  should  be  an  architect  of  the  bigbest  standing  and  his  selection  should  be  the  Ownek  's 
first  step.  He  should  be  chosen  with  the  greatest  care,  as  the  success  of  the  competition 
will  depend  largely  upon  his  experience  and  ability.  The  duties  of  the  expert  are  to 
advise  those  who  hold  the  competition  in  regard  to  its  form  and  terms,  to  draw  up  the 
programme,  to  advise  in  choosing  the  CoiCPETrroRS,  to  answer  inquiries  from  Cokpetttors 
and  in  general  to  direct  the  competition. 

(4)  Competitors.    Participation  in  this  competition  is  limited 

(A),  to  the  following  architects: 

(Insert  names  of  invited  competitors) 
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.  (B)  To  such  ASCHiTfx:TS  as  shall  have  made  application  on  or  before 


(Inaeti  date) 
accompanied  by  evidence  of  their  education  and  experience,  satisfactory  to  the 
OwMEg  and  the  Professional  Adviser.    It  is  agreed  that  the  names  of  all 
those  admitted  to  the  competition  shall  be  made  public  on  or  before 

(Insert  cUu) 
The  Owner  agrees  that  he  will  admit  no  one  as  a  CoMPBmoR  tp  whom  he 
b  not  willing  to  award  the  commission  to  erect  the  building,  in  case  of  his  success 
in  the  competition. 

(5)  Jury  of  Award.  The  Owner  agrees  that  there  will  be  a  Jury  of  Award 
(A)  which  will  consist  of  the  following  members: 

(lasort  aaiMS  of  juiy) 

Or  (B)  which  yoll  consist  of members..  Of  these,  the  Owner 

(Insert  number) 

has  appointed  the  following: 

and 

(Insert  names  of  those  so  selected) 
the  Competitors  will  select  the  remaining  members  of  the  Jury, 

NOTE.  To  insure  a  just  and  wise  award  and  to  protect  the  interests  of  both  the 
OwNEK  and  the  Competitoks.  the  drawings  should  be  submitted  to  a  Jury  chosen  to 
secure  expert  knowledge  and  freedom  from  personal  bias.  The  Jury  shall  consist  of  at 
least  three  members,  one  of  whom  muM,  and  the  majority  of  whom  should,  be  practicing 
architects,  for  example,  a  layman  and  an  architect  selected  by  the  Owncr  or  the  Buxukng 
CoiaoTTEE.  and  an  architect  selected  by  the  Competitoss.  For  woric  of  great  impor- 
tance it  is  desirable  to  increase  the  size  of  the  Jury,  adding  to  it  architects  and  specially 
qualified  laymen.  Some  of  the  advantages  of  a  Jury  so  constituted  are  that  it  thaaougUj 
understands  and  can  explain  the  intent  of  the  drawings,  and  discovers  from  them  their 
author's  skill  in  design,  arrangement  and  construction.  Because  of  its  expert  knowledge. 
Its  judgment  on  the  merits  of  the  designs  submitted  is  of  the  highest  value  to  the  Owvex. 
The  adoption  of  the  recommendation  that  the  architectural  members  of  the  JoRv  be  ia 
the  majority,  is  not  necessarily  a  cause  of  expense,  for  the  reason  that  in  oider  to  insure 
the  proper  conduct  of  competitions,  maay  architects  of  standing  are  willing,  if  the  occasioo 
warrants,  to  serve  as  Jurors  without  payment,  other  than  actual  expenses.  It  is  cus* 
tOBiary  and  desirable  that  the  CoigpRinoRS  should  elect  one  or  more  if  the  aitUtectiiTal 
members  of  the  Jury.  It  is  not  advisable  that  the  Proprsszonax.  Adviser,  who  has 
drawn  up  the  programme,  be  permitted  to  vote  as  a  member  of  the  Jury,  although  he 
may  with  advantage  take  part  in  the  deliberations  of  the  Jury. 

(6)  Authority  of  Jury.  The  Owner  agrees  that  the  Jury  above  named,  or 
selected  as  above  provided,  will  have  authority  to  make  the  award  and  that  its 
decision  in  the  matter  shall  be  (Inal.  Moreover,  this  Jury  will  make  an  award 
to  one  of  those  taking  part  in  this  competition,  unless  no  design  is  submitted 
which  fulfils  the  mandiatory  requirements  of  this  programme.  The  Owner 
further  agrees  to  employ  as  architect  for  the  work  as  more  fully  set  forth  herein- 
after, the  author  of  the  design  selected  by  the  JuRV  as  its  first  choice. 

NOTE.  If,  under  the  law.  authority  to  make  the  award  cannot  be  ddegated  to  the 
Jury,  the  following  form  shoukl  be  substituted  for  Section  (6): 

The  Owner  agrees  that  the  Jitry  above  named  or  selected  as  above  provided,  wiO 
select  the  design  which  appears  to  it  to  be  the  most  meritorious  and  make  a  written  report 
to  the  OwiTER,  designating  it  by  number.    The  Owner  will  them  consider  this  design 
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and  the  repoct  of  the  Juky  aad  will  thereupon,  witkiiit  kuninc  the  idcBtity  ol  the  Coii«         1 
PKTXTORS.  select  as  the  winner  of  the  competition  the  author  of  the  design  selected  bf  1 

the  Jury,  unless  in  his  judgment  there  be  cause  to  depart  from  such  selection,  in  which 
case  he  will,  still  without  learning  the  identity  of  the  Coupetitoss,  select  one  of  the  other  i 

designs  submitted  in  competition.    The  Owner  further  agrees  that  he  will  pay  to  the 
author  of  the  design  designated  as  most  meritorious  by  the  JusY,  in  case  he  should  not  | 

be  anninted  Architbct  of  the  building,  a  priae  of  $ \ 

(State  amount  of  priae)  | 

The  opening  of  the  envelope  containing  the  name  of  the  author  of  the  desisji  selected 
by  the  Ownsx  will  aatomatically  close  the  contract  between  him  and  the  Ownek,  printed  I 

as*Part  III  hereof. 

(7)  Euunination  of  Designs  and  Award.    The  Professional  Adviser  will  1 

examine  the  designs  to  ascertain  whether  they  comply  with  the  mandatory  re- 
qiiirements  of  the  programme,  and  will  report  to  the  Jury  any  instance  of  failure  1 

to  comply  with  these  mandatory  requirements.    The  Owner  further  agrees 
that  the  Jury  will  satisfy  itself  of  the  accuracy  of  the  report  of  the  Professional  1 

Advises,  and  will  place  out  of  competition  and  make  no  award  to  any  design  1 

which  does  not  comply  with  these  mandatory  requirements.  The  Jury  will 
carefully  study  the  programme  and  any  modifications  thereof,  which  may  have 
been  made  through  communications  (see  Section  (12)),  and  will  then  consider  the 
remaining  designs,  holding  at  least  two  sessions  on  separate  days,  and  consider- 
ing at  each  session  all  the  drawings  in  competition,  and  will  make  the  award, 
and  the  classification  of  prize-winners,  if  prizes  are  given,  by  secret  ballot,  and 
by  majority  vote,  before  opening  the  envelopes  which  contain  the  names  of  the 
Competitors.  In  making  the  award  the  Jury  win  thereby  affirm  that  it  has 
made  no  effort  to  leam  the  identity  of  the  various  Competitors,  and  that  it  has 
remained  in  ignorance  of  such  identity  until  after  the  award  was  made.  The 
opening  of  the  envelope  containing  the  name  of  the  author  of  the  selected  design, 
will  automatically  close  the  contract  between  him  and  the  Owner,  printed  as 
Part  in  hereof. 

(8)  Report  of  the  Jury.  The  Jury  will  make  a  full  report  which  wiU  stote 
its  reasons  for  the  selection  of  the  winning  design  and  its  reason  for  the  dassi&ca- 
tion  of  the  designs  placed  next  in  order  o£  merit,  and  a  copy  of  this  report,  accom* 
panied  by  the  names  of  prize-winners,  if  prizes  arc  given,  will  be  sent  by  the 
I'rotkssional  Adviser  to  each  Competitor.  Immediately  upon  the  opening 
of  the  envelopes,  the  Professional  Adviser  will  notify  all  Competitors,  by 
wire,  of  the  result  of  the  competition. 

(9)  Compensation  to  Competitors.  The  Owner  agrees  to  pay  to  the  suc- 
cessful competitor  within  ten  days  of  the  judgment,  on  accoimt  of  his  fee  lor 
services  as  architect,  one-tenth  of  his  total  estimated  fee.  _^ 

^        In  full  discharge  of  his  obli^tion  to  them  (in  case  prizes  or  fees  arc  offered), 

1    the  Owner  agrees: 

(A)  To  pay  the  foUowing  prizes  to  those  ranked  by  the  Jury  next  to  "^^^J*^; 
cessful  design:   To  the  design  placed  second  $ ,  to  the  design  PJ*^^ 

1    third  $ ,  to  the  design  placed  fourth  $ ,  to  the  design  pia«^ 

1    fifth  $ ,  etc.,  within  ten  days  of  the  judgment,  or  ^  moeti- 

(B)  To  pay  to  each  of  the  Competitors  mvitcd  to  take  part  in  ttos  ^^^y^ 
tion,  other  than  the  successful  Competitor,  a  fee  ol$ within  ic» 

i    of  the  judgment. 

1       (10)  Exhibition  of  Drawings.    It  is  agreed  that  no  drawings  shall  ^^^^ 

bibited  or  made  public  until  after  the  award  of  the  Jury-    There  wiU  be  a  f> 
\    exhibition  of  all  drawings  after  the  judgment,  and  all  drawings,  except   ■-*» 
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of  the  successful  competitor,  will  be  returned  to  their  authors  at  the  close 
thereof. 

(iz)  Use  of  Features  of  Unsuccessful  Designs.  Nothing  original  in  the 
unsuccessful  designs  shall  be  used  without  consent  of,  or  compensation  to,  the 
author  of  the  design  in  which  it  appears.  In  case  the  Owner  desires  to  make 
use  of  any  individual  feature  of  an  unsuccessful  design,  the  same  may  be  obtained 
by  adequate  compensation  to  the  designer,  the  amount  of  such  compensation  to 
be  determined  in  consultation  with  the  author  and  the  Professional  Adviser. 

(za)  Communications.  (Mandatory.)  If  any  CoMPSTnoR  desires  infor- 
mation of  any  kind  whatever  in  regard  to  the  competition,  or  the  programme, 
he  shall  ask  for  this  information  by  anonymous  letter  addressed  to  the  Pro- 
fessional Adviser,  and  in  no  other  way,  and  a  copy  of  this  letter  and  the 
answer  thereto  will  be  sent  simultaneously  to  each  Competitor,  but  no  re- 
quest received  after 

(Insert  date) 
will  be  answered. 

(13)  Anonymity  of  Drawings.  (Mandatory.)  The  drawings  to  be  sub- 
mitted shall  bear  no  name  or  mark  which  could  serve  as  a  means  of  identification, 
nor  shall  any  such  name  or  mark  appear  upon  the  wrapper  of  the  drawings,  nor 
shall  any  Competitor  directly  or  indirectly  reveal  the  identity  of  his  designs, 
or  hold  communication  regarding  the  competition  with  the  Owner  or  with  any 
member  of  the  Building  Committee  or  of  the  Jury,  or  with  the  Professional 
Adviser,  except  as  provided  for  under  Communications.  It  is  understood  that 
in  submitting  a  design,  each  Competitor  thereby  affirms  that  he  has  complied 
with  the  foregoing  provisions  in  regard  to  anonymity  and  agrees  that  any  >no- 
lation  of  them  renders  null  and  void  this  agreement  and  any  agreement  arising 
from  it.  With  each  set  of  drawings  must  be  enclosed  a  plain,  opaque,  sealed 
envelope  without  any  superscription  or  mark  of  any  kind,  same  containing  the 
name  and  address  of  the  Competitor.  These  envelopes  shall  be  opened  by  the 
Professional  Adviser  after  the  final  selection  has  been  made,  and  preferably 
in  the  presence  of  the  Jury. 

(z4)  Delivery  of  Drawings.  (Mandatory.)  The  drawings  submitted  m 
this  competition  shall  be  securely  wrapped,  addressed  to  the  Professional  Ad- 
viser at 

in  plain  lettering  and 

(Insert  address  for  delivery  of  drawings) 
with  no  other  lettering  thereon,  and  delivered  at  this  address  not  later  than 

(Insert  date  and  hour) 
In  case  drawings  are  sent  by  express,  they  may  be  delivered  to  an  express  com- 
pany at  the  above  date  and  hour,  in  which  case  the  express  company's  receipt, 
bearing  date  and  hour,  shall  be  mailed  immediately  to  the  Professional  Ad- 
viser as  evidence  of  delivery. 

PART  n 

(zs)  Site.    The  site  of  the  building  is  as  follows 

(Insert  description  of  site,  and  provide  topographical  map  giving  dimensions,  grades,  etc.) 

NOTE.  The  site  should  be  carefully  described  and  a  survey  of  the  property  should  be 
attached  and  included  as  part  of  the  programme.  Conditions  pertaining  to  the  site  and 
to  neighboring  buildings  frequently  become  determining  factors  in  a  design.  Photo- 
graphs showing  surrounding  buildings  and  landscape-conditions  may  with  advantage  be 
included. 
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(x6)  Cost.    (Mandatoiy.)    For  the  purpose  of  this  competition  the  cost  of 

the  building  shall  be  figured  at cts  per  cu  ft,  and  the  total  thereof 

(Insert  munber) 

figured  on  this  basis  shall  not  exceed , 

(Insert  limit  of  cost) 

(27)  Cubage.  (Mandatory.)  Cubage  shall  be  so  computed  as  to  show  as 
exactly  as  possible  the  actual  volume  of  the  building,  calculated  from  the  finished 
level  or  levels  of  the  lowest  floor  to  the  highest  points  of  the  roofs,  and  contained 
within  the  outside  surfaces  of  the  walls.  Pilasters,  cornices,  balconied  and  other 
similar  projections  shall  not  be  included.  Porticos  with  engaged  columns  and 
similar  projections  shall  be  taken  as  solids  and  figured  to  the  outer  face  of  the 
columns.  When  columns  are  free-standing,  one-half  of  the  volume  of  the  porti- 
cos shall  be  taken.  There  shall  also  be  included  in  the  cubage  the  actual  volume 
of  all  parapets,  towers,  lanterns,  dormers,  vaults,  and  other  features  adding  to 
the  bulk  of  the  building,  also  the  actual  volume  of  exterior  steps  above  grade. 
Light-wells  of  an  area  of  less  than  400  sq  ft  shall  not  be  deducted.  In  calculat- 
ing cubage,  account  shall  be  taken  of  variations  in  the  exterior  wall-surface,  as 
for  example,  the  projection  of  a  basement-story  beyond  the  general  line  of  the 
building.  A  figured  diagram  showing  method  adopted  in  cubing  shall  accom- 
pany each  set  of  drawings. 

(z8)  Drawings.  (Mandatory.)  The  drawings  submitted  shall  be  made 
according  to  the  following  list,  at  the  scale  given,  and  rendered  as  noted;  and 
no  other  drawings  than  these  shall  be  submitted: 

(Insert  list,  scale  and  method  of  rendering) 

NOTE.  The  drawings  submitted  should  be  the  least  number  necessary  to  set  forth 
dearly  the  solution  of  the  problem,  and  the  scale  of  these  drawings  the  smallest  com- 
patible with  the  requirement  that  the  intention  of  each  Coupetitor  be  made  clear  to  an 
expert  Jury.  Where  the  number  and  scale  of  drawings  is  reduced  to  the  minimum,  and 
simply  methods  of  rendering  imposed,  the  CoicPE-rrroas  are  enabled  to  devote  their  time 
and  energy  to  the  study  of  the  problem,  which  is  the  serious  business  of  a  competition, 
instead  of  upon  draughtsmanship  and  rendering,  which  when  carried  beyond  a  certain 
point,  are  of  no  value  whatever  in  determining  the  fitness  of  the  CouPETiToas  to  handle 
the  work  of  erecting  the  building,  for  which  the  competition  b  being  held. 

PART  ra 

Agreement  between  Owner  and  CompetitorB 

In  consideration  of  the  submission  of  drawings  in  this  competition,  and  the 
mutual  promises  enumerated  in  the  subjoined  Conditions  of  Contract  be- 
tween Akchitect  and  Owner  the  Owner  agrees,  and  each  Competitor  agrees 
if  the  award  be  made  in  his  favor,  immediately  to  enter  into  a  contract  contain- 
ing all  the  Conditions  here  following,  and  until  such  contract  is  executed,  to  be 
bound  by  the  said  CoNDmoNS. 

Conditions  of  Contract  between  Architect  and  Owner 

Duties  of  the  Architect 

(z)  Design.  The  ARcmTECT  is  to  design  the  entire  building  and  its  imme- 
diate surroundings  and  is  to  design  or  direct  the  design  of  its  constructive, 
engineering  and  decorative  work  and  its  fixed  equipment  and,  if  further  re- 
tained, its  movable  furniture  and  the  treatment  of  the  remainder  of  its  grounr^ 
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(a)  DimwincB  «od  Sptdflcationa.  The  aechitbct  is  to  make  such  revisbn 
of  his  competitive  acheme  as  may  be  necessary  to  complete  the  preUmiDaiy 
studies;  and  he  is  to  provide  drawings  and  specifications  necessary  for  the  con- 
duct of  the  work.  All  such  instruments  of  service  are  and  remain  the  prop- 
erty of  the  ARCHITECT. 

(3)  Administration.  The  architect  is  to  prepare  or  advise  as  to  all  forms 
connected  with  the  making  of  proposals  and  contracts,  to  issue  all  certificates 
of  payment,  to  keep  proper  accounts  and  generally  to  discharge  the  neoeisaxy 
administrative  duties  connected  with  the  work. 

(4)  Supervision.  The  AUCHiTECt  is  to  supervise  the  execution  ctf  all  the 
Work  committed  to  his  control. 

Duties  of  tha  Owner 

(5)  Payments.  The  Owner  is  to  pay  the  archxtbct  for  his  services  a 
sura  equal  to per  cent  upon  the  cost  of  the  work. 

NOTE.  The  percentage  insetted  should  be  in  aeoocd  with  ffDOd  pnctioe.  The  tioics 
and  amounts  of  payments  should  be  here  stated.  Good  practice  has  estaUiahed  tlK 
payments  on  acooant  as  followa:  Upon  completioa  of  the  preliminary  studies  one-fiith 
of  the  total  estimated  fee  lesa  the  previous  payment;  upon  completion  of  cmtract-drawinfis 
and  specifications  two-fifths  additional  of  such  fee;  for  other  drawings,  for  supervisioa 
and  for  administratbn,  the  remainder  of  the  fee,  from  time  to  time,  as  the  work  |m)gre»es. 

(6)  Reimbursements.  The  Owner  is  to  reimburse  the  architect  from  time 
to  time,  the  amount  of  expenses  necessarily  incurred  by  him  or  his  deputies 
while  traveling  in  the  discharge  of  duties  connected  with  the  work. 

(7)  Service  of  Engineers,    The  Owner  is  to  reimburse  the  architect, 

the  cost  of  the  services  of  engineers  for 

(Insert  nature  of  work  for  which  the  Owner  agrees  that  ENomEaas  shall  be  employed  at 
his  expense) 

The  selection  of  such  engineers  and  their  compensation  shall  be  subject  to 
the  approval  of  the  Owner. 

(8)  Information,  Clerk  of  the  Works,  Etc.  The  Owner  is  to  give  all  in- 
formation as  to  his  requirements;  to  pay  for  all  necessary  surveys,  borings  and 
tests,  and  for  the  continuous  services  of  a  clerk  of  the  works  whose  competence 
is  approved  by  the  architect. 

PART  IV 

Requirements  of  the  Building 

NOTE.  For  the  same  reason  that  elaborate  drawings  are  undedrable,  it  b  advisable 
to  avoid  lengthy  and  detailed  instruction  as  to  the  desired  accommodations,  as  they 
confuse  the  problem  and  hamper  the  Coupcrxroas;  and  the  Qwner  kees  thereby  the 
benefit  he  might  gain  in  allowing  the  Competttors  freedom  to  develop  solutioas  which 
they  would  not  otherwise  be  at  liberty  to  suggest.  It  should  be  borne  in  mind  that  either 
the  cost  of  the  building,  as  determined  by  its  cubical  contents,  ahould  be  fixed,  or  the 
requirements  of  the  Owner  in  regard  to  the  design,  materials  of  oonatiuction,  dimensions 
of  rooms,  etc.,  should  be  fixed,  but  not  both.  If,  on  the  oae  hand,  the  cubical  oontcnts 
and  cost  is  fixed,  it  should  be  stated  that  the  requirements  of  the  Owner  must  be  adhoed 
to  as  closely  aa  possible  by  CoM^Eitioas;  if ,  on  the  other  hand,  the  requirements  of  the 
Owner  are  definitely  fixed,  it  may  be  stated  that  the  cubical  contents  of  each  design, 
while  not  limited,  will  be  taken  Into  consideration  in  makmg  the  award.  In  case  the 
sizes  of  certain  rooms,  etc.,  are  definitely  fixed,  the  word  Mandatory  ahould  be  placni 
at  the  head  of  the  paragraph  referring  to  these  rooms. 

Here  should  follow  a  list  of  rooms  required,  together  with  area  and  otiier  data 
which  apply  to  the  building  under  consideration. 
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THE  STANDARD  DOCUMENTS  OF  THE  AMERICAN 
INSTITUTE  OF  ARCHITECTS* 

Introductory  Notes.  This  introductory  paragraph  is  from  an  article  t  hy  R* 
Gipston  Sturgis,  President  of  The  American  Institute  of  Architects.  "  For  many 
years  builders  and  owners  have  conunonly  used  an  agreement  recognized  as  in* 
adequate  and  imperfect,  and  one  apt  to  lead  to  serious  misunderstandings,  if  not 
to  legal  difficulties.  Architects  entrusted  with  important  work  and  its  accom* 
pansring  responsibilities  have  endeavored  to  have  agreements  drawn  which  would 
adequatdy  safeguard  the  interests  involved.  When,  some  nine  years  ago  (1907), 
the  Institute  attempted  to  prepare  a  new  standard  agreement,  it  found  already 
in  use  a  considerable  number  of  forms  prepared  by  architects,  differing  in  detail 
but  agreeing  in  one  main  point.  This  one  point  was  that  the  contract  and  th« 
conditions  of  the  contract  should  be  treated  as  two  branches  of  the  same  agre^ 
ment,  not  as  one  document,  nor  yet  as  two.  The  contract  was  to  be  as  brief  as 
possible,  stating  simply  what  the  obligation  was.  The  conditions  of  the  contract, 
complicated  and  involved,  yet  essential  to  the  contract,  were  of  necessity  com- 
paratively lengthy.  The  most  difficult  part  of  the  work,  surveying  the  field  and 
breaking  out  the  way,  was  done  by  the  Committees  on  Contracts  and  Specifica- 
tions during  the  years  1906  to  19x1,  and  resulted  in  the  first  edition  of  the 
8TAMDAB0  DOCUMENTS,  published  in  191 1«  At  that  time  some  thought  the  prob- 
lem solved;  others  thought  it  but  an  important  step  forward;  which  latter  proved 
to  be  the  fact  lliese  first  documents,  excellent  as  they  were  as  text-books,  were 
not  suitable  for  eversrday  use.  The  Institute  again  took  up  the  problem,  this 
time  with  the  definite  aim  to  produce  a  document  which  should  entirely  replace 
the  uniform  agreement  when  the  contract  for  its  publication  expired  in  May, 
1915.  This  has  been  done  and  the  carefully  studied  agreeicent  and  OOHDi« 
TiONS  OF  1B£  CONTRACT  presented  to  the  convention  in  December,  19 14,  have 
been  further  studied  and  improved  and  are  now  (19x5)  on  the  market  for  genera! 
use.  In  the  final  study  between  January  and  May,  19 15,  the  Institute  had  the 
advantages  of  cooperation  with  representatives  ol  many  of  the  building  trades 
and  the  advice  of  counsel  representing  the  Institute  and  counsel  representing 
the  building  trades.  The  document,  like  its  predecessor,  will  now  come  to  the 
test  of  actual  use.  It  will  prove  to  be  imperfect  and  revised  sections  will  be 
necessary,  but  it  is  believed  to  be  in  the  nuun  a  fair  and  comprehensive  agree* 
ment  and  one  that  is  practical  and  fit  for  general  use.  Architects  everywhere 
are  urged  to  use  and  test  this  form,  and  criticism  from  owners  and  builders  will 
be  ^adly  received  and  considered.  In  addition  to  this  most  important  docu** 
ment  the  committee  has  prepared  and  the  Institute  has  published  a  form  of 
BOND,  a  LETTER  ov  ACCEPTAKCE  by  a  confeTBctor  of  a  sub-contractor's  bid,  and  aa 
AOXEBMENT  between  a  contractor  and  sub>contractor.  Many  architects  who  have 
done  work  on  which  a  bond  has  been  required  have  been  surprised  at  the  ease 
with  winch  the  obligations  of  the  bond  could  be  evaded.  In  most  cases,  because 
someone,  architect,  contractor,  or  owner,  had  invalidated  the  bond.  The  new 
form  of  bond  is  prepared  for  insuring,  as  ^  as  possible,  that  the  bonding  conv* 
pany  shall  discharge  its  obligations  and  protect  the  owner  who  pays  for  this 
protection.  The  ietter  vrou  coutRAcroR  id  bub-oontractor  is  intended  to 
provide  a  simple  form  whereby  the  mutual  obligations  of  the  two  shall  be  dearly 
defined.  The  ACREBMCflrz  between  contractor  and  sub-contractor  »ccom» 
pUshes  the  same  purpose  in  a  somewhat  more  formal  way." 

*  Published  1^  permissioo  of  The  American  Institute  of  Architects. 

t  Ihiblished  in  the  Journal  of  The  American  Institute  of  Architects,  June,  19x5. ' 
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The  Development  of  the  Standard  Documents.  In  the  year  1887  The 
American  Institute  of  Architects,  the  Western  Association  of  Architects  and  the 
National  Association  of  Builders,  thinking  it  desirable  to  establish  better  practice 
in  the  matter  of  building  contracts,  undertook  the  preparation  of  a  form  of  con< 
tract  satisfactory  to  all.  Under  the  name  of  the  vmroitM.  contkact  this  form 
attained  wide  acceptance  and  has  been  long  in  use.  About  the  year  1907,  feeling 
that  practice  had  advanced  to  a  point  no  longer  fully  reflected  by  the  uniform 
CONTRACT,  the  Institute  undertook  a  general  study  of  the  subject  with  a  view 
to  developing  a  form  of  contract  dear  in  thought,  equitable,  applicable  to  work 
of  almost  all  classes,  binding  m  law  and  a  standaid  of  good  practice.  The  work 
was  entrusted  to  the  Standing  Committee  on  Contracts  and  Specifications,  who 
spent  four  years  on  it,  studying  the  ttnitorm  contract  and  forms  in  use  by  some 
thirty  well-known  architects,  and  submitted  various  drafts  for  criticism  to  the 
chapters  Of  the  Institute  and  to  engineers,  contractors  and  architects  throughout 
the  country.  The  documents  were  prepared  under  the  advice  of  Francis  Fisher 
Kane,  counsel  for  the  Institute,  and  Ernest  Eidlitz,  and  with  the  able  and  careful 
criticism  of  Professor  Samuel  WilUston  of  the  Harvard  Law  School,  and  with  the 
assistance  of  James  W.  Pryor,  in  their  editing.  The  Institute  gave  its  approval 
to  the  work  in  igx  i.  The  Standing  Committee  on  Contracts  and  Specifications, 
during  the  preparation  of  the  first  edition  of  the  standard  forms,  consisted  of 
Grosvenor  Atterbury,  Chairman;  Allen  B.  Pond,  Secretary;  Frank  Miles  Day, 
William  A.  Boring,  Frank  C.  Baldwin,  Frank  W.  Ferguson,  Alfred  Stone  and 
G.  L.  Heins.  Criticisms  of  the  first  edition  of  the  documents  were  invited  by 
the  Institute  and  during  the  year  1913  a  group  of  architects  and  builders  in  Bos- 
ton, known  as  the  Joint  Committee  of  the  Boston  Society  of  Architects,  and  of 
the  Master  Builders'  Association,  gave  much  sincere  study  to  the  subject.  At 
the  same  time  the  National  Association  of  Builders'  Exchange  offered  a  detailed 
criticism  of  the  documents. 

In  1 91 4  the  Institute  instructed  its  Standing  Conunittee  on  Contracts  and 
Specifications  to  undertake  a  general  revision  with  a  view  to  making  the  con- 
ditions simpler  in  wording  and  more  equitable.  The  committee  was  empowered 
to  hold  conferences  with  organizations  so  desiring.  Subcommittees  for  the  terri- 
tory of  the  several  chapters  of  the  Institute  were  af^x>inted  and  coUaborated  with 
the  standing  committee.  The  Boston  group  presented  its  ideas  in  the  form  of  an 
entitely  new  draft  which  proved  of  high  value  and  its  Chairman,  W.  Stanley 
Parker,  was  present  with  the  Standing  Committee  at  nearly  all  its  meetings. 
The  Committee  had  a  joint  meeting  with  representatives  of  the  National  .Asso- 
ciation of  Builders'  Exchanges  and  thereafter  the  counsel  of  the  Association, 
W.  B.  King,  and  the  counsel  of  the  Institute,  Louis  Barcroft  Runk,  coUabo- 
rated most  effectively  with  the  committee.  The  general  coNomoNS  were 
entirely  rewritten  and  in  response  to  the  strong  desire  of  contractors  and  subcon- 
tractors, the  principle  of  general  arbitration,  subject  to  limitations  in  the 
documents,  was  adopted,  and  provisions  relative  to  the  relations  of  the  con- 
tractor AND  HIS  subcontractors  Were  included  in  the  documents.  After  much 
study,  conference  and  criticism,  a  draft  of  the  second  edition  was  issued  by 
authority  of  the  Institute,  April  i,  191 5.  During  the  revision  of  the  documents, 
the  Standing  Committee  on  Contracts  and  Specifications  consisted  of  Frank 
Miles  Day,  Chairman;  Allen  B.  Pond,  Sulhvan  W.  Jones,  Clarence  A.  Martin, 
Norman  M.  Isham,  Octavius  Morgan,  Thomas  Nolan,  A.  O.  Elzner,  M.  B. 
Medary,  Jr.,  Jos.  Evans  Sperry,  Frank  W.  Ferguson  and  Samuel  Stone. 

The  Conttmction  of  the  Standard  Documents.  An  agreement,  and 
DRAWINGS  and  specifications  are*  the  necessary  parts  of  a  building  contract. 
Many  conditions  of  a  general  character  may  be  placed  at  will  in  the  aorksment 
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or  in  the  specifications.  It  is,  however,  wise  to  assemble  them  in  a  single 
docmnent  and,  since  they  have  as  much  bearing  on  the  drawings  as  on  the 
SPECIFICATIONS,  and  even  more  on  the  business  relations  of  the  contracting 
parties,  they  are  properly  called  the  general  conditions  of  the  contract. 
As  the  agreement,  general  conditions,  drawings  and  specifications  are 
the  constituent  elements  of  the  contract  and  are  acknowledged  as  such  in  the 
agreement,  they  are  correctly  termed  the  contract  documents.  Statements 
made  m  any  one  of  them  are  just  as  binding  as  if  made  in  the  agreement.  The 
Institute's  forms,  although  intended  for  use  in  actual  practice,  should  also  be 
regarded  as  a  code  of  reference  representing  the  judgment  of  the  Institute  as  to 
what  constitutes  good  practice  and  as  such  they  may  be  drawn  upon  by  archi- 
tects in  improving  their  own  forms.  Although  the  forms  are  suited  for  use  in 
connection  with  a  single  or  general  contract,  they  are  equally  applicable  to  an 
operation  conducted  under  separate  contracts. 

Titles  of  the  Standard  Documents  and  Approval  of  Same.  The  new 
contract  documents  of  The  American  Institute  of  Architects  are  now  on  sale* 
by  dealers  in  office  and  drafting-supplies  in  all  the  large  cities  of  the  country, 
and^replace  the  old  uniform  contract  which  is  to  be  discontinued.  The  follow- 
ing are  the  titles  of  the  standard  documents:  A.  I.  Form  OF  Agreement  AND 
A.  2.  General  Conditions  of  the  Contract.  B.  Bond  of  Suretyship.  C. 
Form  of  Subcontract.  D.  Letter  of  Acceptance  of  Subcontractor's 
Proposal.  A  cover  in  heavy  paper  with  valuabe  explanatory  notes  is  sent 
without  charge  with  each  complete  set  of  the  documents  or  with  each  copy  of 
the  form  of  agreement  and  general  conditions  of  the  contract.  These 
documents  have  received  the  full  approval  of  the  Institute,  through  its  con- 
vention, board  of  directors  and  officers.  They  are  the  outcome  of  nine  years  of 
continuous  work  by  a  Standing  Committee  on  Contracts  and  Specifications. 
This  committee,  comprising  some  of  the  ablest  American  architects,  was  assisted 
by  the  Institute's  forty  Chapters;  advised  by  eminent  legal  specialists  in  con- 
tract law  and  aided  by  representatives  of  the  Building  and  Trade  Associations 

*  Notice  to  Architects,  Builders  and  Contractora.  The  contract  ^rms  may  be 
obtained  singly  or  in  lots  from  the  usual  dealers.  II  your  dealer  cannot  supply  you  send 
your  order  and  his  name  to  The  Secretary.  A.  I.  A.,  The  Octagon,  Washington.  D.  C.  .  All 
ordexB  must  include  the  necessacy  remittance  inespective  of  A.  I.  A.  membership  and  irre< 
spective  of  commerdai  standing  of  purchaser.  The  Institute  has  adopted  these  cash 
TERMS,  from  which  no  exception  will  be  made  to  anybody,  in  order  to  reduce  cost  of 
accountancy  and  thereby  reduce  expense  to  the  user.  Remittances  may  be  by  check, 
money-order,  cash,  or  stamps.  All  prices  are  f .  o.  b.  Washington,  D.  C.  If  small  lots  are 
to  be  sent  by  parcel-post  instead  of  express,  add  x  ct  for  agrrekent  and  general  condx- 
TiONS,  and  M  ct  ajMece  for  each  of  the  other  forms  according  to  quantity  ordered;  other- 
wise shipment  will  be  made  by  express,  collect. 

Prices  for  Sini^e  Copies:  Agreement  and  General  Conditions  in  cover,  lo.xo;  Bond 
of  Suretyship,  |o.oa;  Form  of  Subcontract,  I0.02;  Letter  of  Acceptance  of  Subcontract 
tor's  Proposal,  lo.oa;  Complete  set  in  cover,  $0.15.  A  Trial  set  will  be  delivered  upon 
receipt  of  nine  2<ent  stamps. 

Prices  for  Quantities  and  Discounts  to  Architects,  Builders  and  Contractors. 
Orders  for  quantities  are  subject  to  the  following  discounts  (which  axe  also  given  by  all 
dealers): 

5%  on  lots  of  100  (one  kind  or  assorted);  xo%on  lots  of  500  (one  kind  or  assarted);  15% 
on  lots  of  I  000  (one  kind  or  assorted).  As  these  oocuiaNTS  are  printed  on  large  sheets  and 
in  large  quantities,  they  cannot  be  supplied  with  any  individual  names  or  printing  different 
from  the  sUndard  forms.  The  Institute  does  not  ^h  to  encourage  the  use  of  the  agree- 
ment with  general  conditions  other  than  those  endorsed  by  it,  but  on  request  will  sell  the 
AORKSKBMT  Separate  from  the  standard  general  conditions  at  2  cts  each*        t 
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of  the  United  States.  The  fonna  have  beea  officially  approved  by  the  National 
Aasodatioa  of  Builders'  Exchanges  the  National  Aasociatioa  of  Master  Plumbers^ 
and  tlie  National  Association  of  Steam  and  Hot  Water  Fitters. 

A.   z.    THE  STANDARD  FORM   OF  AGRSBMEITT  BETWEEN 
CONTRACTOR  AND   OWNER* 

ISSUED  BY  THE  AMERICAN  mSTITUTE  OF  ARCHITECTS 

This  fonn  has  been  approved  by  the  National  Association  of  BuOdccs'  Excbanees,  Tho 
National  Association  of  Master  Plumbers,  and  the  National  Assodatioa  of  Master  Steam 
and  Hot  Water  Fitters. 

SECOND  EDITION,  COPYRIGHT  1915,  BY  IHB  AMSUCAN  mSTirUIE  OV 

ARCHITECTS,   THE  OCTAGON,  WASHINGTON,  D.  C.     THIS  VOUf 

IS  TO  BE  USED  ONLY  WITH  THE  STANDARD  GENERAL 

CONDITIONS  OF  THE  CONTRACT 

THIS  AGREEMENT,  made  the  

day  of in  the  year  Nmeteea  Hundred  and 

by  and  between (Two  blank  liaes)t 

hereinafter  called  the  Contractor,  and (Two  blank  lines) 

hereinafter  called  the  Owner 

WITNESSETH,  that  the  Contractor  and  the  Owner  for  the  considerackms 
hereinafter  named  agree  as  follows: 

Article  i.  The  Contractor  agrees  to  provide  all  the  materials  and  to  ijcrfoiiu 
all  the  work  shown  on  the  Drawings  and  described  in  the  Specifications  entitled 

(Here  Insert  the  caption  descriptive  of  the  work  as  used  in  the  PropoBal,  Genera]  Con- 
ditions, Specifications,  and  upon  the  Drawings.) 

(Five  blank  lines) 

prepared  by (Two  blank  lines) 

acting  as,  and  in  these  Contract  Documents  entitled  the  Architect,  and  to  do 
everything  required  by  the  General  Conditions  of  the  Contract,  the  Specifica- 
tions and  the  Drawings. 

Article  3«  The  Contractor  agrees  that  the  work  under  this  Contract  shall  be 
substantially  completed 

(Here  insert  the  date  or  dates  of  completion,  and  stipolatiQas  as  to  fiqnidated 
damages  if  any.) 

(Eight  blank  Una) 

Article  3.  The  Owner  agrees  to  pay  the  Contractor  in  current  funds  for  the 
performance  of  the  Contract 

to  additions  and  deductions  as  provided  in  the  General  Conditions  of  the  Con« 

tract  and  to  make  payments  on  account  thereof  as  provided  therein,  as  follows: 

CBeie  insert  provisions  as  to  the  method  and  tines  of  payments.) 

(Nine  blank  Imcs) 

Article  4.  The  Contractor  and  the  Owner  agree  that  the  General  Conditions 
of  the  Contract,  the  Specifications  and  the  Drawings,  together  with  this  Agrcr> 
ment,  form  the  Contract,  and  that  they  are  as  fully  a  part  of  the  Ccmtnct  as  if 

*  Published  by  permisaion  of  The  Ametkan  Institute  of  Aichitecta. 
t  Dotted  lines,  as  indicated,  are  in  the  standaid  documents  and  are  omitted  hen  10 
save  space. 
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hereto  attached  or  herein  repeated;  and  that  the  following  is  an  Mnct  enomera- 
tion  of  the  Specifications  and  Drawings: 

(Tbirty^ve  blank  lines) 

The  Contractor  and  the  Owner  for  themselve%  thdr  8ucoessors»  executors, 
administrators  and  assigns,  hereby  agree  to  the  full  performance  of  the  covenants 
herein  contained. 

IN  WITNESS  WHEREOF  they  have  hereunto  set  their  hands  and  wals,  the 
day  and  year  first  above  written. 
In  Presence  of 

!*!^/'*.^^'**!*T^■:  I  ^*^ (Repeated  for  Owaer) (SEAL) 

A.  a.  THB  GBHBRAL  CONDITIOirS  CI  TH£  COHTRACT  * 

STANDARD  FORM  OF  THE  AMERICAN  INSTmJTE  OF 
ARCHITECTS 

TUi  forai  has  been  approved  by  the  Nations]  Assodatioa  of  Boilden'  Eachaages,  The 
Natiooal  Assodatioa  of  Master  PlumberB,  and  the  National  Association  of  Master  Steam 
and  Hot  Water  Fitteis. 

SECX)ND  EDITION,  COPYRIGHT  19x5,  BY  THE  AMERICAN  INSTITUTE  OP 
ARCHITECTS,  THE  OCTAOON,  WASHINGTON,  ».  C. 
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Liens. 

7.  Ownership  off  Drawings. 

30. 

Permits  and  Regulations. 

8.  Samples. 

5». 

Royalties  and  Patents. 

9.  The  Aichitect's  SUtus. 

Ss. 

Use  of  Premises. 

la  The  Architect's  Dedsioiis. 

u. 

Cleaning  up. 

34- 

CutUng,  Patching  and  Digging. 

12.  Materials,  Labor,  Appliances. 

3S. 

Delays. 

IS.  Inspection  of  Work. 

36. 

Owner's  Right  to  Do  Wmk. 

14.  Conection  Bcfoia  Final  Payment. 

37. 

Dwaer'a  Right  Id  Terminate  Contract. 

15.  Deductions  for  Uncorrected  Work. 

3«. 

Contrsctor's  Right  to  Stop  Work  or 

16.  CofTBction  After  Final  Payment. 

Terminate  Contract* 

17.  Protection  of  Work  and  Property. 

39. 

Damages. 

18.  Emergencies. 

40. 

Mutual  Responsibility  of  Contractors. 

19.  Damage  to  PenonA. 

4X. 

Separate  Contracts. 

20.  Liability  Insurance. 

43- 

Assigxnnent. 

2f.  Fire  Insurance. 

43> 

Suboontncta. 

aa.  Guarsnty  Bonds. 

44- 

Relations  of  Qpirtiactor  and  Snboon- 

tractor. 

45- 

Arbitration. 

Art  X.  Principles  and  Definitions. 

(a)  The  Contract  Documents  consist  of  the  Agreement,  the  General  Con- 
ditions of  the  Contract,  the  Drawings  and  Specifications.  These  form  the 
Contract. 

(b)  The  Owner,  the  Contractor  and  the  Architect  are  those  named  as  such  in 
the  Agreement.  They  are  treated  throughout  the  Contract  Documents  as  if 
each  were  of  the  singular  number  and  masculine  gender. 

*  PubHifaed  hy  perndsskm  of  The  American  Institute  of  Axchitocts.    t 
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(c)  The  Contractor  shall,  as  in  Article  43,  be  responsible  to  the  Owner  for  the 
acts  and  omissions  of  his  subcontractors  and  of  all  persons  directly  or  indirectly 
employed  by  him  or  them  in  connection  with  the  work. 

(d)  The  term  Subcontractor  includes  only  those  having  a  direct  contract  with 
the  Contractor  and  it  includes  one  who  furnishes  material  even  though  he  does 
no  work. 

(e)  The  term  '* person"  or  "anyone"  as  employ^  herein  shall  be  taken  to 
include  a  firm  or  corporation. 

(f)  Written  notice  shall  be  deemed  to  have  been  duly  served  if  delivered  in 
person  to  the  individual  or  to  a  member  of  the  firm  or  to  an  officer  of  the  corpora- 
tion for  whom  it  is  intended,  or  if  delivered  at  or  mailed  to  the  last  business 
address  known  to  him  who  gives  the  notice. 

(g)  The  term  "woA"  of  the  Contractor  or  Subcontractor  includes  labor  or 
materials  or  both. 

(h)  When  the  words  "approved,"  "satisfactory,"  "equal  to,"  "proper,"  "as 
directed,"  etc.,  are  used,  approval,  etc.,  by  the  Architect,  is  understood. 

(j)  All  time-limits  stated  in  the  Contract  Docximents  are  of  the  essence  of  the 
contract. 

(k)  The  law  of  the  place  of  bmlding  shall  govern  the  construction  of  this 
contract 

Art  a.  Ezecntiofi,  Correlatioii  and  Intent  of  Docnmenta.  The  Con- 
tract Documents  shall  be  signed  in  duplicate  by  the  Owner  and  Contractor.  In 
case  of  failure  to  sign  the  General  Conditions,  Drawings  or  Specifications  the 
Architect  shall  identify  them.  Even  though  the  signatures  of  the  Own^  and 
the  Contractor  may  have  been  attested  by  witnesses  they  may  be  proved  by  any 
competent  evidence.  The  Contract  Documents  are  complementary,  and  what 
is  called  for  by  any  one  shall  be  as  binding  as  if  called  for  by  all.  The  intention 
of  the  documents  is  to  include  all  labor  and  materials  reasonably  necessary  for 
the  proper  execution  of  the  work.  It  is  not  intended,  however,  that  materials 
or  work  not  covered  by  or  properly  inferable  from  any  heading,  branch,  class  or 
trade  of  the  specifications  shall  be  supplied  unless  distinctly  so  noted  on  the  draw- 
ings. Materials  or  work  described  in  words  which  so  applied  have  a  wdl  known 
technical  or  trade  meaning  shall  be  held  to  refer  to  such  recognized  standards. 

Art  3.  Detail  Drawings  and  Inetructiona.  The  Architect  shall  furnish, 
with  reasonable  promptness,  additional  instructions,  1^  means  of  drawings  or 
otherwise,  necessary  for  the  proper  execution  of  the  work.  All  such  drawings 
and  instructions  shall  be  consistent  with  the  Contract  Documents,  true  develop- 
ments thereof,  and  reasonably  inferable  therefrom.  The  work  shall  be  executed 
in  conformity  therewith  and  the  Contractor  shall  do  no  work  without  proper 
drawings  and  instructions.  The  Contractor  and  the  Architect,  if  either  so  re- 
quests, shall  jointly  prepare  a  schedule,  subject  to  change  from  time  to  time  in 
accordance  with  the  progress  of  the  work,  fixing  the  latest  dates  at  which  the 
various  detail  drawings  will  be  required,  and  the  Architect  shall  furnish  than  in 
accordance  with  that  schedule.  Under  like  conditions,  a  schedule  shall  be  pre< 
pared,  fixing  dates  for  the  submission  of  shop  draMrings,  for  the  beginning  of 
manufacture  and  instaUation  of  materials  and  for  the  completion  of  the  various 
parts  of  the  work. 

Art  4.  Copiea  Fttmished.  Unless  otherwise  provided  in  the  Contract 
Documents  the  Architect  will  furnish  to  the  Contractor,  free  of  charge,  all  ooines 
of  drawings  and  specifications  reasonably  necessary  for  the  execution  of  the  work. 

Art  5.  Shop  Drawings.  The  Contractor  shall  submit  two  copies  of  all 
shop  or  setting  drawings  and  schedules  required  for  the  workrof  the  various  trades 
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and  the  Architect  shall  paaa  upon  them  with  reasonable  promptneas.  The  Con- 
tractor shall  make  any  corrections  required  by  the  Architect,  file  with  him  two 
corrected  copies  and  furnish  such  copies  as  may  be  needed.  The  Architect's 
approval  of  such  drawings  or  schedules  shall  not  relieve  the  Contractor  from 
responsibiUty  for  deviations  from  drawings  or  spedScadons,  unless  he  has  in 
writing  called  the  Architect's  attention  to  such  deviations  at  the  time  of  sub- 
mission, nor  shall  it  relieve  him  f rqm  reqx>naibiUty  for  errors  of  any  sort  in  shop 
drawings  or  schedules. 

Art  6.  Drawings  and  Spedileationa  on  the  Work.  The  Contractor  shall 
keep  one  copy  of  all  drawings  and  specifications  on  the  work,  in  good  order, 
available  to  the  Architect  and  to  his  representatives. 

Art.  7.  Ownerahip  of  Drawings  and  Models.  Ail  drawings*  specifications 
and  copies  thereof  furnished  by  the  Architect  are  his  property.  They  are  not  to 
be  used  on  other  work  and,  with  the  exception  of  the  signed  contract-set,  are  to 
be  returned  to  him  on  request,  at  the  completion  of  the  work.  All  models  are 
the  property  of  the  Owner. 

Art.  8.  Samples.  The  Contractor  shall  furnish  for  approval  all  samples  as 
directed.    The  work  shall  be  in  strict  accordance  with  approved  samples. 

Art.  9.  The  Architect's  Status.  The  Architect  shall  have  general  super- 
vision and  direction  of  the  work.  He  is  not  the  agent  of  the  Owner,  except  as 
provided  in  the  contract  documents  and  when  in  special  instances  he  is  authorised 
by  the  Owner  so  to  act,  and  in  such  instances  he  shall,  upon  request,  show  the 
Contractor  written  authority.  He  has  authority  to  stop  the  work  whenever 
such  stoppage  may  be  necessary  to  insure  the  proper  execution  of  the  Contract. 
In  case  of  the  termination  of  the  empbyment  of  the  Architect,  the  Owner  shall 
appoint  a  capable  and  reputable  Architect,  whose  status  under  the  contract  shall 
be  that  of  the  former  Architect. 

Art.  zo.  The  Architect's  Decisions.  The  Architect  shall,  within  a  reason- 
able time,  make  decisions  on  all  claims  of  the  Owner  or  Contractor  and  on  all 
other  matters  reUting  to  the  execution  and  progress  of  the  work  or  the  interpre- 
tation of  the  contract  documents.  Except  as  may  be  otherwise  expressly  pro- 
vided in  or  appended  to  these  General  Conditions  or  as  particularly  set  forth  in 
the  specifications,  all  the  Architect's  decisions  are  subject  to  arbitration. 

Art.  IX.  Foreman,  Supervision.  The  Contractor  shall  keep  on  the  work  a 
competent  general  foreman  and  any  necessary  assistants,  all  satisfactory  to  the 
Architect.  The  general  foreman  ^lall  not  be  changed  except  with  the  consent 
of  the  Architect.  The  foreman  shall  represent  the  Contractor  in  his  absence 
and  all  directions  given  to  him  shall  be  as  binding  as  if  given  to  the  Contractor. 
On  written  request  such  directions  shall  be  confirmed  in  writing  to  the  Contrac- 
tor. The  Contractor  shall  give  efficient  supervision  to  the  work,  using  his  best 
skill  and  attention.  He  shall  carefully  study  and  compare  all  drawings,  specifi- 
cations and  other  instructions  and  shall  at  once  report  to  the  Architect  any  error, 
inconsbtency,  or  omission  which  he  may  discover. 

Art  za.  Materials,  Labor,  Appliances.  Unless  otherwise  stipulated,  the 
Contractor  shall  provide  and  pay  for  all  materials,  labor,  water,  tools»  equipment, 
light  and  power  necessary  for  the  execution  of  the  work.  Unless  otherwise 
specified,  all  materials  shall  be  new  and  both  workmanship  and  materials  shall 
be  of  good  quality.  The  Contractor  shall,  if  required,  furnish  satisfactory  evi- 
dence as  to  the  kind  and  quality  of  materials.  The  Contractor  shall  not  employ 
on  the  work  any  unfit  person  or  anyone  not  skilled  in  the  work  assigned  to  him. 

Art  Z3.  Inspection  of  Work.  The  Owner,  th^  Architect  and  their  repre- 
sentatives shall  at  all  times  have  access  to  the  work  wherever  it  is  in  preparation 
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or  progress  and  the  Contractor  shall  provide  proper  facilities  for  such  access  uac 
for  inspection.  If  the  specifications,  the  Architect's  instructions,  laws^  ordi- 
nances or  any  public  authority  require  any  work  to  be  specially  tested  or  apn 
proved,  the  Contractor  shall  give  the  Architect  timely  notice  of  its  readiness  for 
Inspection  and  the  Architect  shall  promptly  inspect  it.  If  any  such  work  should 
be  covered  up  without  approval  or  consent,  it  must,  if  required  by  the  Architect, 
be  uncovered  for  examination  at  the  Contractor's  expense.  Reexamination  of 
questioned  work  may  be  ordered  by  the  Architect  and,  if  found  not  in  acootdanoe 
with  the  Contract,  all  expense  ol  resxamtn&tion  and  replacement  sbali  be  bocne 
by  the  Contractor,  otherwise  it  shall  be  allowed  as  extra  woiiL. 

Art  14.  Correction  of  Work  Before  Itnal  Payment.  The  Contractor 
shall  promptly  remove  from  the  premises  all  materials,  whether  worked  or  on- 
worked,  and  take  down  and  remove  all  portions  of  the  wotk  condemned  by  the 
Architect  as  failing  to  conlonn  to  the  Contract;  and  the  Contractor  shall 
promptly  retrace  and  re-execute  his  own  work  in  accordance  with  the  Contract 
and  without  expense  to  the  Owner  and  shall  bear  the  expense  of  making  good  all 
work  of  other  contractors  destroyed  or  damaged  by  such  removal  or  replacement 
If  the  Contractor  does  not  remove  such  condemned  work  and  materials  within  a 
reasonable  time,  fixed  by  written  notice,  the  Owner  may  remove  them  and  may- 
store  the  material  at  the  expense  of  the  Contractor.  If  the  Contractor  does  not 
pi^  the  expense  of  such  removal  within  five  days  thereafter,  the  Owner  may,  upon 
ten-days'  written  notice,  sell  such  materials  at  auction  or  at  private  sale  and  shall 
account  for  the  net  proceeds  thereof,  after  deducting  all  the  costs  and  expenses 
that  should  have  been  borne  by  the  Contractor. 

Art  15.  Dediictiona  for  Uncorcected  Work.  If  the  Architect  deans  it 
inexpedient  to  correct  work  injured  or  not  done  in  acoocdance  with  theJContract, 
the  difference  in  value  together  with  a  fair  allowance  for  damage  shall  be  de- 
ducted, if  acceptable  to  the  Owner. 

Art  16.  Correction  of  Work  After  Final  Payment  Neither  the  final  cer- 
tificate nor  payment  nor  any  provision  in  the  Contract  Documents  shall  rdieve 
the  Contractor  of  responsibility  for  negligence  or  faulty  materials  or  workman- 
ship within  the  extent  and  period  provided  by  law,  and  upon  written  notice  he. 
shall  remedy  any  defects  due  thereto  and  pay  for  any  damage  to  other  work  re- 
sulting therefrom.  All  questions  arising  under  this  Artide  shall  be  decided  under 
Articles  xo  and  45. 

Art  TJ.  Proteeden  of  Work  and  Property.  The  Contractor  shall  con- 
tinuously maintain  adequate  protection  of  aU  his  wotk  from  damage  and  shall 
iMotect  the  Owner's  and  adjacent  property  from  injury  ariMng  in  oonnectioa 
with  this  Contract.  He  shall  make  good  any  such  damage  or  injury,  exoqjt  such 
as  may  be  directly  due  to  errors  in  the  contract  documents. 

Art.  18.  Emergencies.  Inanemergencyai9fectingthesafetyof  Ufeorof  the 
structure  or  of  adjoining  property,  not  conadered  by  the  Contractor  as  within 
the  provisions  of  Article  17,  then  the  Contractor,  without  special  instruction  <x 
authorization  from  the  Architect  or  Owner,  is  hereby  permitted  to  act,  at  his 
discretion,  to  prevent  such  threatened  loss  or  injuiy  and  he  shall  so  act,  without 
appeal,  if  so  instructed  or  authorized.  Any  compensation  claimed  to  be  due  to 
him  therefor  shall  be  determined  tmder  Articles  10  and  45  regardkss.of  the  limi- 
tations in  Article  25  and  in  the  second  paragraph  of  Article  94. 

Art  zp.  Damage  to  Persons.  In  addition  to  the  liability  imposed  by  law 
upon  the  Contractor  on  account  of  bodily  injury  or  death  suffered  through  the 
Contractor's  negligence,  which  liability  is  not  impaired  or  otherwise  affected 
herein,  the  Contiactor  hereby  aasuniefl^  In  cases  not  endnaced  witUn  aadi  1^ 
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liability,  the  obligatioa  to  save  the  owner  humleas  and  indemnify  him  £iom 
every  expense,  liability  or  payment  (voluntary  payments  excepted),  by  reaion 
of  any  injury  to  any  person  or  persons,  including  duith,  suffered  through  any  act 
or  omissbn  of  the  Contractor  or  any  Subcontractor,  or  anyone  directly  or  in- 
directly employed  by  either  of  them,  in  the  prosecution  of  any  work  included  in 
Uds  contract. 

Art  30.  Liability  Inturance.  The  Contractor  shall  maintain  such  insur- 
ance as  will  protect  him  from  daims  under  workmen's  compensation  acts  and  from 
any  other  claims  for  damages  for  personal  injury,  including  death,  wliich  may 
arise  from  operations  under  this  contract.  Certificates  of  such  insurance  shall 
be  filed  with  the  Owner,  if  he  so  require,  and  shall  be  subject  to  his  approval  for 
adequacy  of  protection.  The  Owner  shall  be  responsible  for  his  own  contingent 
liability. 

Alt  ax.  Fire  Inturance.  The  Owner  shall  effect  and  maintain  fire  insur- 
ance upon  the  entire  structure  on  which  the  work  of  this  contract  is  to  be  done 
and  upon  all  materials,  tools  and  appliances  in  or  adjacent  thereto  and  intended 
for  use  thereon,  to  at  least  eighty  per  cent  of  the  insurable  value  thereof.  The 
loss,  if  any,  is  to  be  made  adjustable  with  and  payable  to  the  Owner  as  Trustee 
for  whom  it  may  concern.  All  policies  shall  be  open  to  inspection  by  the  Con- 
tractor. If  the  Owner  faib  to  show  them  on  request  or  if  he  fails  to  effect  or 
maintain  insurance  as  above,  the  Contractor  may  insure  his  own  interest,  and 
charge  the  cost  thereof  to  the  Owner.  If  the  Contractor  Is  damaged  by  failure 
of  the  Owner  to  maintain  such  insurance,  he  may  recover  \mder  Art.  39.  If 
required  in  writing  by  any  party  in  interest,  the  Owner  as  Trustee  shall,  upon  the 
occurrence  of  loss,  give  bond  for  the  proper  performance  of  his  duties.  He  shall 
deposit  any  money  received  from  insurance  m  an  account  separate  from  all  his 
other  funds  and  he  shall  distribute  it  in  accordance  with  such  agreement  as  the 
parties  in  mterest  may  reach,  or  under  an  award  of  arbitrators  appointed,  one  by 
the  Owner,  another  by  joint  action  of  the  other  parties  in  interest,  all  other  pro- 
cediuv  being  in  accondance  with  Art.  45.  If  after  loss  no  special  agreement  is 
made,  replacement  of  injured  worit  sfiafi  be  ordered  under  Art.  24.  The  Trustee 
shall  have  power  to  adjust  and  settle  any  loss  with  the  insurers  unless  one  of  the 
contractors  interested  shall  object  in  writing  within  three  working  days  of  the 
occurrence  of  loss  and  thereupon  arbitrators  shall  be  chosen  as  above.  The 
Trustee  shall  in  that  case  make  settlement  with  the  insurers  in  accordance  with 
the  directions  of  such  arbitrators,  who  shaU  also,  if  distribution  by  arbitration  is 
required,  direct  such  distribution. 

Art  22.  Guaranty  Bonds*  The  Owner  shall  have  the  right  to  require 
the  Contractor  to  give  bond  covering  the  faithful  performance  of  the  contract 
and  the  payment  of  all  obligations  arising  thereunder,  in  such  form  as  the  Owner 
may  prescribe  and  with  such  sureties  as  he  may  approve.  If  such  bond  is  re- 
quired by  instructions  given  previous  to  the  receipt  of  bids,  the  premium  shaU  be 
paid  by  the  Contractor;  if  subsequent  thereto,  it  shall  be  paid  by  the  Owner. 

Art  33.  Cash  Allowances.  The  Contractor  shall  indude  in  the  contract 
price  all  allowances  named  in  the  Contract  Documents  and  shall  cause  the  work 
80  covered  to  be  done  by  such  contractors  and  for  sudi  sums  as  the  Architect  may 
direct,  the  contract  sum  being  adjusted  in  conformity  therewith.  The  Con- 
tractor, in  making  up  his  bid,  shall  add  such  sums  for  expenses  and  profit  on 
account  of  cash  allowances,  as  he  deems  proper,  and  no  demand  for  expenses  or 
profit  other  than  those  included  in  the  contract  sum  shall  be  allowed.  The  Con- 
tractor shell  not  be  required  to  empk)y  for  any  such  work  a  Subcontractor  against 
whom  be  has  a  reasooahle  objection. 
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Art.  24.  Chances  in  the  Work.  The  owner,  without  invalidatincr  the 
contract,  may  make  changes  by  altering,  adding  to  or  deducting  from  the  work, 
the  contract  sum  being  adjusted  accordingly.  AU  such  work  shall  be  executed 
under  the  conditions  of  the  original  contract  except  that  any  claim  for  exteoaoa 
of  time  caused  thereby  shall  be  adjusted  at  the  time  of  ordering  sudi  diange. 
Except  as  provided  in  Articles  9  and  18,  no  change  shall  be  made  luless  in  pur- 
suance of  a  written  order  from  the  Owner  signed  or  countersigned  by  the  Archi- 
tect and  no  daim  for  an  addition  to  the  contnurt  sum  shall  be  valid  unless  so 
ordered. 

The  value  of  any  such  change  shall  be  determined  in  one  or  more  of  the  follow- 
ing ways: 

(a)  By  Estimate  and  Acceptance  in  a  lump  sum. 

(b)  By  Unit  Prices  named  in  the  contract  or  subsequently  agreed  upon. 

(c)  By  Cost  and  Percentage  or  by  Cost  and  a  fixed  fee. 

(d)  If  none  of  the  above  methods  is  agreed  upon,  the  Contractor,  provided  he 
receive  an  order  in  writing  signed  by  the  Owner  and  countersigned  by  the  Archi- 
tect, shall  proceed  with  the  work,  no  appeal  to  arbitration  bemg  allowed  from 
such  order  to  proceed. 

In  cases  (c)  and  (d),  the  Contractor  shall  keep  and  present  m  such  form  as  the 
Architect  may  direct,  a  correct  account  of  the  net  cost  of  labor  and  materials, 
together  with  vouchers.  In  any  case,  the  Architect  shall  certify  to  the  amount, 
including  a  reasonable  profit,  due  to  the  Contractor.  Pending  final  determina- 
tion of  value,  pa3rments  on  account  of  changes  shall  be  made  on  the  Architect's 
certificate. 

Art  35.  Claims  for  Extras.  If  the  Contractor  claims  that  any  instruc- 
tions, by  drawings  or  otherwise,  involve  extra  cost  under  this  contract,  he  shall 
give  the  Architect  written  notice  thereof  before  proceeding  to  execute  the  work 
and,  in  any  event,  within  two  weeks  of  receiving  such  instructions^  and  the  pro- 
cedure shall  then  be  as  provided  in  the  last  paragraph  of  Art.  24.  No  such 
daim  shall  be  valid  imless  so  made. 

Art  a6.  Applications  for  Payments.  The  Contractor  shall  submit  to  the 
Architect  an  application  for  each  payment  and,  if  required,  receipts  or  other 
vouchers  from  Subcontractors  showing  his  payments  to  them  for  materials  and 
labor  as  required  by  Artide  44.  If  payments  are  made  on  valuation  of  work 
done,  such  application  shall  be  submitted  at  least  ten  days  before  each  payment 
falls  due.  If  required,  the  Contractor  shall  before  the  first  application  submit 
to  the  Architect  a  schedule  of  values  of  the  various  parts  of  the  work,  aggregat- 
ing the  total  sum  of  the  contract,  divided  so  as  to  facilitate  payments  to  sub- 
contractors in  accordance  with  Article  44  (e)  made  out  in  such  form  as  the  Archi- 
tect may  direct  and,  if  required,  supported  by  evidence  as  to  its  correctness. 
This  schedule,  when  approved  by  the  Architect,  shall  be  used  as  a  basb  for  cer- 
tificates of  payment,  unless  it  be  found  to  be  in  error.  In  applying  for  pay- 
ments, the  Contractor  shall  submit  a  statement  based  upon  this  schedule  and,  if 
required,  itemized  in  such  form  as  the  Architect  may  direct,  showing  his  right  to 
the  payment  claimed. 

Art.  37.  Certificates  and  Payments.  If  the  Contractor  has  made  applica- 
tion as  above,  the  Architect  shall,  not  later  than  the  date  when  each  payment 
falls  due,  issue  to  the  Contractor  a  certificate  for  such  amount  as  he  deddes  to  be 
properly  due.  No  certificate  issued  nor  payment  made  to  the  Contractor,  nor 
partial  or  entire  use  or  occupancy  of  the  work  by  the  Owner  shall  be  an  acceptance 
of  any  work  or  materials  not  in  accordance  with  this  contract.  The  making  and 
acceptance  of  the  final  payment  shall  constitute  a  waiver  of  all  daims  by  the 
'^vner,  otherwise  than  under  Artides  16  and  29  of  these  conditions  or  under  re- 
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qudrement  of  the  specifications,  and  of  all  claims  by  the  Contractor,  except  those 
previously  made  and  stiU  unsettled.  Should  the  Owner  fail  to  pay  the  sum 
named  in  any  certificate  of  the  Architect  or  in  any  award  by  arbitration,  upon 
demand  when  due,  the  Contractor  shall  receive,  in  addition  to  the  sum  named 
in  the  certificate,  interest  thereon  at  the  legal  rate  in  force  at  the  place  of  building. 
Art.  28.  Payments  Withheld.  The  Architect  may  withhold  or,  on  account 
of  subsequently  discovered  evidence,  nullify  the  whole  or  a  part  of  any  certificate 
for  payment  to  protect  the  Owner  from  loss  on  account  of: 

(a)  Defective  work  n^t  remedied. 

(b)  Claims  filed  or  reasonable  evidence  indicating  probable  fiJing  of  claims. 

(c)  Failure  of  the  Contractor  to  make  payments  properly  to  subcontractors 
or  for  material  or  labor. 

(d)  A  reasonable  doubt  that  the  contract  can  be  completed  for  the  balance 
then  unpaid. 

When  all  the  above  grounds  are  removed  certificates  shall  at  once  be  issued 
for  amounts  withheld  because  of  them. 

Art.  39.  Liens.  Neither  the  final  payment  nor  any  part  of  the  retsdned 
percentage  shall  become  due  until  the  Contractor,  if  required,  shall  deliver  to 
the  Owner  a  complete  release  of  all  liens  arising  out  of  this  contract,  or  receipts 
in  fuU  in  lieu  thereof  and,  if  required  in  either  case,  an  affidavit  that  the  releases 
and  receipts  include  all  the  labor  and  material  for  which  a  lien  might  be  filed; 
but  the  Contractor  may,  if  any  subcontractor  refuses  to  furnish  a  release  or  re- 
ceipt in  full,  furnish  a  bond  satisfactory  to  the  Owner,  to  indemnify  him  against 
any  claim  by  lien  or  otherwise.  If  any  lien  or  claim  remain  unsatisfied  after  all 
payments  are  made,  the  Contractor  shall  refund  to  the  Owner  all  moneys  that 
the  latter  may  be  compelled  to  pay  in  discharging  such  lien  or  claim,  including 
all  costs  and  a  reasonable  attorney's  fee. 

Art  30.  Permits  and  Regulations.  The  Contractor  shall  obtain  and  pay 
for  all  permits  and  licenses,  but  not  permanent  easements,  and  shall  give  all 
notices,  pay  all  fees,  and  comply  with  all  laws,  ordinances,  rules  and  regulations 
bearing  on  the  work.  If  the  drawings  and  specifications  are  at  variance  there- 
with, the  Contractor  shall  notify  the  Architect  in  writing  before  the  work  is 
performed  and  the  value  of  any  necessary  changes  shall  be  adjusted  under  Art. 
24.  If  any  of  the  Contractor's  work  shall  be  done  contrary  to  such  laws,  ordi- 
nances, rules,  and  regulations,  without  such  notice,  he  shall  bear  all  costs  arising 
therefrom. 

Art  31.  Royalties  and  Patents.  The  Contractor  shall  pay  all  royalties 
and  license  fees  and  shall  defend  all  suits  or  claims  whatsoever  for  infringement 
of  any  patent  rights  and  shall  save  the  Owner  harmless  from  loss  on  account 
thereof. 

Art  3a.  Use  of  Premises.  The  Contractor  shall  confine  his  apparatus, 
the  storage  of  materials  and  the  operations  of  his  workmen  to  limits  indicated  by 
law,  ordinances,  permits,  or  directions  of  the  Architect  and  shall  not  encumber 
the  premises  with  his  materials.  The  Contractor  shall  not  load  or  permit  any 
part  of  the  structure  to  be  loaded  with  a  weight  that  will  endanger  its  safety. 
The  Contractor  shall  enforce  the  Architect's  instructions  regarding  signs,  ad- 
vertisements, fires  and  smoking. 

Art  33*  Cleaning  Up.  The  Contractor  shall  at  all  times  keep  the  premises 
free  from  accumulations  of  waste  material  or  rubbish  caused  by  his  employees 
or  work  and  at  the  completion  of  the  work  he  shall  remove  all  his  rubbish  from 
and  about  the  building  and  all  his  tools,  scaffolding  and  surplus  materials,  and 
shall  leave  his  work  clean  and  ready  for  use.    In  case  of  diqmte  the  Owner  may 
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removie  the  rubbish  and  charge  the  ooat  to  the  aevenl  oontxacton  as  the  Architect 
shall  detennine  to  be  Just. 

Art  34.  Cutting,  Patching  and  Digging.  The  Contractor  shall  do  all 
cutting,  fitting,  or  i>atching  of  his  work  that  may  be  required  to  make  its  several 
parts  come  together  properly  and  fit  It  to  receive  or  be  received  by  work  of  other 
contractors  shown  upon,  or  reasonably  implied  by,  the  Drawings  and  Specifica- 
tions for  the  completed  structure,  and  he  shall  make  good  after  them,  as  the 
Architect  may  direct.  Any  cost  caused  by  defective  or  ill-tfaned  work  shall  be 
borne  by  the  party  responsible  therefor.  The  Contrsftor  shall  not  endanger 
any  work  by  cutting,  digging,  or  otherwise  and  shall  not  cut  or  alter  the  work  of 
any  other  contractor,  save  with  the  consent  of  the  Architect. 

Art  35*  Delays.  If  the  Contractor  is  delayed  in  the  completion  of  the  work 
by  any  act  or  neglect  of  the  Owner  or  the  Architect,  or  of  any  employee  of  either, 
or  by  any  other  contractor  employed  by  the  Owner,  or  by  changes  ordered  in  the 
work,  or  by  strikes,  lockouts,  fire,  unavoidable  casualties,  or  any  causes  beyond 
the  Contractor's  control,  or  by  delay  authorized  by  the  Architect  pending  arbi- 
tration, or  by  any  cause  which  the  Architect  shall  decide  to  justify  the  delay, 
then  the  time  of  completion  shall  be  extended  for  such  reasonable  time  as  the 
Architect  may  decide.  No  such  extension  shall  be  made  for  dday  occurring 
more  than  seven  dajrs  before  daun  therefor  is  made  in  writing  to  the  Architect. 
In  the  case  of  a  continuing  cause  of  delay,  only  one  claim  is  necessary.  If  no 
schedule  is  made  under  Art.  3,  no  daim  for  delay  shall  be  allowed  on  account  of 
failure  to  furnish  drawings  until  two  wedu  after  demand  for  such  drawings  and 
not  then  unless  such  daim  be  reasonable. 

Art  36.  Owner's  Right  to  Do  Work.  If  the  Contractor  should  neglect 
to  prosecute  the  work  properly  or  fail  to  perform  any  provision  of  this  contract, 
the  Owner,  after  three-days'  written  notice  to  the  Contractor,  may,  without 
prejudice  to  any  other  remedy  he  may  have,  make  good  such  deficiencies  and 
may  deduct  the  cost  thereof  from  the  payment  then  or  thereafter  due  the  Con- 
tractor; provided,  however,  that  the  Architect  shall  approve  both  such  action 
and  the  amount  charged  to  the  Contractor. 

Art  37.  Owner's  Right  to  Terminate  Contract  If  the  Contractor  should 
be  adjudged  a  bankrupt,  or  il  he  should  make  a  general  assignment  for  the  benefit 
of  his  creditors,  or  if  a  receiver  should  be  appointed  00  account  of  his  insolvencj-, 
or  if  he  should,  except  in  cases  recited  in  Article  35,  persistently  or  repeatedly 
refuse  or  fail  to  supply  enough  properly  skilled  workmen  or  proper  materials,  or 
if  he  should  fail  to  make  prompt  payment  to  subcontractors  or  for  material  or 
labor,  or  persistently  disregard  laws,  ordinances  or  the  instructions  of  the  .\rchi- 
tect,  or  otherwise  be  guilty  of  a  substantial  violation  of  any  provision  of  the  con- 
tract, then  the  Owner,  upon  the  certificate  of  the  Architect  that  sufficient  cause 
exists  to  justify  such  action,  may,  without  prejudice  to  any  other  right  or  remedy 
and  after  giving  the  Contractor  seven-days*  written  notice,  terminate  the  em- 
ployment of  the  Contractor  and  take  possession  of  the  premises  and  of  all  ma- 
terials, tools  and  appliances  thereon  and  finish  the  work  by  whatever  method  be 
may  deem  expedient.  In  such  case  the  Contractor  shall  not  be  entitkd  to  re- 
cdve  any  further  payment  until  the  woric  is  finished.  If  the  unpaid  balance  of 
the  contract  price  shall  exceed  the  expense  of  finishing  the  work,  induding  com- 
pensation to  the  Architect  for  his  additional  services,  such  exoess  shall  be  paid 
to  the  Contractor.  If  such  expense  shall  exceed  such  unpaid  balance,  the  Con- 
tractor shall  pay  the  difference  to  the  Owner.  The  expense  incurred  by  the 
Owner  as  herein  provided,  and  the  damage  incurred  through  the  Contractor's 
default,  shall  be  certiaed  by  the  Architect 
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Aft  38>  Contrftctor*!  Right  to  Stop  Work  or  TormlaAto  Conttmct   li 

the  work  should  be  stopped  under  an  order  of  any  court,  for  a  period  of  three 
months^  through  no  act  or  fault  of  the  Contractor  or  of  anyone  employed  by  him, 
or  if  the  Owner  should  fail  to  pay  to  the  Contractor,  within  seven  days  of  its 
maturity  and  presentation,  any  sum  certified  by  the  Architect  or  awarded  by 
arbitrators^  then  the  Contractor  nuQr,  upon  three-days'  written  notice  to  the 
Owner  and  the  Architect,  stop  work  or  terminate  this  contract  and  recover  from 
the  Owner  payment  for  all  work  executed  and  any  loss  sustained  upon  any  plant 
or  material  and  reasonable  profit  and  damages. 

Alt  39.  Damages.  If  either  party  to  this  contract  should  suffer  damage  by 
delay  or  otherwise,  except  as  provided  in  Art.  40,  because  of  any  act  or  neglect 
of  the  other  party  or  of  anyone  employed  by  him,  then  he  shall  be  reimbursed 
by  the  other  party  for  such  damage.  Claims  under  this  clause  shall  be  made  in 
writing  to  the  party  liable  within  a  reasonable  time  of  the  first  observance  of  such 
damage  and  not  later  than  the  time  of  final  payment,  except  in  case  of  claims 
under  Article  16,  and  shall  be  adjusted  by  agreement  or  arbitration. 

Art  40.  Motiud  ResponiibiUty  of  Contnctors.  Should  the  Contractor 
(see  Art.  i  (c))  cause  damage  to  any  other  person  (see  Art.  i  (e))  employed  on  the 
work,  the  Contractor  agrees,  upon  due  notice,  to  settle  with  such  person  by  agree- 
ment  or  arbitration,  if  such  person  will  so  settle.  If  such  person  sues  the  Owner 
on  account  of  any  damage  alleged  to  have  been  ao  sustained,  the  Owner  shall 
notify  the  Contractor,  who  shall,  at  his  own  expense,  defend  such  proceedings 
and,  if  any  judgment  against  the  Owner  arise  therefh>m,  the  Contractor  shall 
pay  or  satisfy  it  and  pay  all  costs  incurred  by  the  Owner.  The  Contractor,  if 
damaged  by  any  person  held  to  the  Owner  by  stipuUtions  such  as  the  above, 
agrees  to  settle  with  such  person  by  agreement  or  arbitration  and  in  no  case  to 
sue  the  Owner  on  account  of  such  damage. 

Art  41.  Separate  Contracts.  The  Owner  reserves  the  right  to  let  other 
contracts  in  connection  with  this  work.  The  Contractor  shall  afford  other  con- 
tractors reasonable  opportunity  for  the  Introduction  and  storage  of  their  ma- 
terials and  the  execution  of  their  work  and  shall  properly  connect  and  coordinate 
his  work  with  theirs.  If  any  part  of  the  Contractor's  work  depends  for  proper 
execution  or  results  upon  the  work  of  any  other  contractor,  the  Contractor  shall 
inspect  and  promptly  report  to  the  Architect  any  defects  In  such  work  that  render 
it  unsuitable  for  such  proper  execution  and  results.  His  failure  so  to  inspect  and 
report  shall  constitute  an  acceptance  of  the  other  contractor's  work  as  fit  and 
proper  for  the  reception  of  his  work,  except  as  to  defects  which  may  develop  in 
the  other  contractor's  work  after  the  execution  of  his  work.  To  insure  the 
proper  execution  of  his  subsequent  work  the  Contractor  shall  measure  work 
already  in  place  and  shall  at  once  report  to  the  Architect  any  discrepancy  be- 
tween the  executed  work  and  the  drawings. 

Art  4a.  Assignment  Neither  party  to  the  Contract  shall  assign  the  con- 
tract without  the  written  consent  of  the  other,  nor  shall  the  Contractor  assign 
any  moneys  due  or  to  become  due  to  him  hereunder,  without  the  previous  written 
consent  of  the  Owner. 

Art  43.  Sttbcontracts.  The  Contractor  shall  notify  the  Architect  in  writ- 
ing of  the  names  of  subcontractors  proposed  for  the  principal  parts  of  the  work 
and  for  such  others  as  the  Architect  may  direct  and  shall  not  employ  any  that 
the  Architect  may  within  a  reasonable  time  object  to  'as  incompetent  or  unfit. 
The  Contractor  may  in  his  discretion  or  shall,  if  so  required,  submit  with  his  pro- 
posal, a  fist  of  subcontractors.  If  the  change  of  any  name  on  such  list  is  re- 
quired or  permitted  after  signature  of  agreement,  the  contracj^price  shall  be 
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increased  or  diminished  by  the  difference  between  the  two  bids.  The  Architect 
shall,  on  request,  furnish  to  any  subcontractor,  wherever  practicable,  evidence 
of  the  amounts  certified  to  on  his  accoimt.  The  Contractor  agrees  to  be  fully 
responsible  to  the  Owner  for  the  acts  or  omissions  of  his  subcontractors  and  of 
anyone  employed  either  directly  or  indirectly  by  him  or  them,  and  this  con- 
tractual obligation  shall  be  in  addition  to  the  liability  imposed  by  law  upon  the 
Contractor  for  bodily  injuries  or  death  through  negligence  in  the  cases  covered 
by  Article  19  hereof.  Nothing  contained  in  the  Contract  Documents  shall  create 
any  contractual  relation  between  any  subcontractor  and  the  Owner. 

Art  44.  Relationi  of  Contractor  and  Subcontractor.  The  Contractor 
agrees  to  bind  every  subcontractor  and  every  subcontractor  agrees  to  be  bound, 
by  the  terms  of  the  General  Conditions,  Drawings  and  Specifications,  as  far  as 
applicable  to  his  work,  including  the  following  provisions  of  this  Article,  unle?>s 
specifically  noted  to  the  contrary  in  a  subcontract  approved  in  writing  as  ade- 
quate by  the  Owner  or  Architect. 

The  Subcontractor  agrees: 

(a)  To  be  bound  to  the  Contractor  by  the  terms  of  the  General  Conditions. 
Drawings  and  Specifications  and  to  assume  toward  him  all  the  obligations  and 
responsibilities  that  he,  by  those  documents,  assumes  toward  the  Owner. 

(b)  To  submit  to  the  Contractor  applications  for  pajrment  in  such  reasonable 
time  as  to  enable  the  Contractor  to  apply  for  payment  under  Article  26  of  the 
General  Conditions. 

(c)  To  make  all  claims  for  extras,  for  extensions  of  time  and  for  damages  for 
ddajrs  or  othennnse,  to  the  Contractor  ui  the  manner  provided  in  the  General 
Conditions  for  like  daims  by  the  Contractor  upon  the  Owner,  except  that  the 
time  for  making  daims  for  extra  cost  as  under  Artide  25  of  the  General  Condi- 
tions is  one  week. 

The  Contractor  agrees: 

(d)  To  be  bound  to  the  Subcontractor  by  aU  the  obligations  that  the  Owner 
assumes  to  the  Contractor  under  the  General  Conditions,  Drawings  and  Spedfi- 
cations  and  by  all  the  provisions  thereof  affording  remedies  and  redress  to  the 
Contractor  from  the  Owner. 

(e)  To  pay  the  Subcontractor,  upon  the  issuance  of  certificates,  if  issued  under 
the  schedule  of  values  described  in  Artide  26  of  the  General  Conditions,  the 
amount  allowed  to  the  Contractor  on  account  of  the  Subcontractor's  wo^  to  the 
extent  of  the  Subcontractor's  interest  therein. 

(f )  To  pay  the  Subcontractor,  upon  the  issuance  of  certificates,  if  issued  other- 
wise than  as  in  (e),  so  that  at  all  times  his  total  payments  shall  be  as  large  in 
proportion  to  the  value  of  the  work  done  by  him  as  the  total  amount  certified  to 
the  Contractor  is  to  the  value  of  the  work  done  by  him. 

(g)  To  pay  the  Subcontractor  to  such  extent  as  may  be  provided  by  the  Con- 
tract Documents  or  the  subcontract,  if  dther  of  these  provides  for  earlier  or 
larger  payments  than  the  above. 

(h)  To  pay  the  Subcontractor  on  demand  for  his  work  or  materials  as  far  as 
executed  and  fixed  in  place,  less  the  retained  i)ercentage,  at  the  time  the  certifi- 
cate should  issue,  even  though  the  Architect  fails  to  issue  it  for  any  cause  not  the 
fault  of  the  Subcontractor. 

0)  To  pay  the  Subcontractor  a  just  share  of  any  fire-insurance  money  received 
by  him,  the  Contractor,  under  Artide  2  z  of  the  General  Conditions. 

(k)  To  make  no  demand  for  liquidated  damages  or  penalty  for  delay  in  any 
sum  in  excess  of  such  amount  as  may  be  specifically  named  in  the  subcontract. 

0)  That  no  daim  for  services  rendered  or  materials  furnished  by  the  Con- 
tractor to  the  Subcontractor  shall  be  valid  unless  written  notice  thereof  is  given 
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by  the  Contractor  to  the  Subcontractor  during  the  first  ten  days  of  the  calendar 
month  following  that  in  which  the  claim  originated. 

(m)  To  give  the  Subcontractor  an  opportunity  to  be  present  and  to  submit 
evidence  in  any  arbitration  involving  his  rights. 

(n)  To  name  as  arbitrator  under  Article  45  of  the  General  Conditions  the  per- 
son nominated  by  the  Subcontractor,  if  the  sole  cause  of  dispute  is  the  work, 
materials,  rights,  or  responsibilities  of  the  Subcontractor;  or,  if  of  the  Sub- 
contractor and  any  other  subcontractor  jointly,  to  name  as  such  arbitrator  the 
person  upon  whom  they  agree. 

The  Contractor  and  the  Subcontractor  agree  that: 

(o)  In  the  matter  of  arbitration,  their  rights  and  obligations  and  all  procedure 
shall  be  analogous  to  those  set  forth  in  Article  45  of  the  General  Conditions. 

Nothing  in  this  Article  shall  create  any  obligation  on  the  part  of  the  Owner  to 
pay  to  or  to  see  to  the  payment  of  any  sums  to  any  Subcontractor. 

Art.  45.  Arbitration.  Subject  to  the  provisions  of  Article  xo,  all  questions 
in  dispute  under  this  contract  shall  be  submitted  to  arbitration  at  the  choice  of 
either  party  to  the  dispute.  The  general  procedure  shall  conform  to  the  laws  of 
the  State  in  which  the  work  lies  and  wherever  permitted  by  law  the  decision  of 
the  arbitrators  may  be  filed  in  court  to  carry  it  into  efifect.  The  demand  for 
arbitration  shall  be  filed  in  writing  with  the  Architect,  in  the  case  of  an  appeal 
from  his  decision,  within  ten  days  of  its  receipt  and  in  any  other  case  within  a 
reasonable  time  after  cause  thereof  and  in  no  case  later  than  the  time  of  final 
pa3nnent,  except  as  to  questions  arising  under  Article  16.  If  the  Architect  fails 
to  midce  a  decision  within  a  reasonable  time,  an  appeal  to  arbitration  may  be 
taken  as  if  his  decision  had  been  rendered  against  the  party  appealing.  The 
parties  may  agree  upon  one  arbitrator;  otherwise  there  shall  be  three,  one  named 
in  writing  by  each  party  and  the  third  chosen  by  these  two  arbitrators  or,  if  they 
fail  to  select  a  third  within  ten  days  he  shall  be  chosen  by  the  presiding  officer  of 
the  nearest  Bar  Association.  Should  the  party  demanding  arbitration  fail  to 
name  an  arbitrator  within  ten  dajrs  of  his  demand,  his  right  to  arbitration  shall 
lapse.  Should  the  other  party  fail  to  choose  an  arbitrator  within  such  ten  days, 
the  Architect  shall  appoint  such  arbitrator.  Should  either  party  refuse  or 
neglect  to  supply  the  arbitrators  with  any  papers  or  information  demanded  in 
writing,  the  arbitrators  are  empowered  by  both  parties  to  uke  ex-parte  proceed- 
ings. The  arbitrators  shall  act  with  promptness.  The  decision  of  any  two  shall 
be  binding  on  all  parties  to  the  dispute.  The  decision  of  the  arbitrators  upon 
any  question  subject  to  arbitration  under  this  contract  shall  be  a  condition 
precedent  to  any  right  of  legal  action.  The  arbitrators,  if  they  deem  that  the 
case  demands  it,  are  authorized  to  award  to  the  party  whose  contention  is  sus- 
tained such  sums  as  they  shall  deem  proper  for  the  time,  expense  and  trouble 
incident  to  the  appeal  and,  if  the  appeal  was  taken  without  reasonable  cause, 
damages. for  delay.  The  arbitrators  shall  fix  their  own  compensation,  unless 
otherwise  provided  by  agreement  and  shall  assess  the  costs  and  charges  of  the 
arbitration  upon  either  or  both  parties.  The  award  of  the  arbitrators  must  "be 
in  writing  and,  if  in  writing,  shall  not  be  open  to  objection  on  account  of  the  form 
of  the  proceedings  or  the  award. 
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a  THE  STANDARD  FORM   OF  BOND* 

ISSUED  BY  THE  AMEiUCAN  INSTITUTE  OF  ARCHITECTS 

This  form  has  been  apinoved  by  the  National  AasodatkMi  of  Builders'  Exdiaiiges,  The 
Natiooal  Aaaodation  of  BAaster  Plumben,  and  the  Natiooal  AflMdatioci  of  Master  Steam 
and  Hot  Water  Fitten. 

SECOND  EDITION,  COPYRIGHT  191S  BY  THE  AlCERICAM  DiSTlTUlli  OX 
ARCHITECTS,  THE  OCTAGON,   WASHINGTON.  D.  C 

KNOW  ALL  MEN:  Thatwc 

(Here  insert  the  name  and  address  or  legal  title  of  the  Contzactor.) 

(Two  blank  lines)! 

hereinafter  called  the  Principal,  and 

(Here  insert  the  name  and 'address  or  legal  title  of  one  ex  more  sureties.) 

(Two  blank  lines) and 

(Two  blank  lines) -.      and 

hereinafter  called  the  Surety  or  Sureties  are  held  and  firmly  bound  unto 

(Here  insert  the  name  and  address  or  legal  title  of  the  Owner.) 

CIVoblaiJilin«) 

hereinafter  called  the  Owner,  in  the>sum  of 

(Two  blank  lines) ($ ) 

for  the  payment  whereof  the  Principal  and  the  Surety  or  Sureties  bind  themselves, 
their  heirs,  executors*  adnunistrators*  suooeasors  and  assigns,  jointly  and  sever- 
ally, firmly,  by  these  presents. 

Whereas,  the  Principal  has»  by  means  of  a  Written  Acteement,  dated 

entered  into  a  oontiact  with  the  Owner  for 

Two  Uank  lines) 

a  copy  of  which  Agreement  is  by  refeienoe  made  a  part  hereof; 
Now,  Therefore,  the  Condition  of  this  Obligation  Is  such  that  if  the  Prindpa! 
shall  faithfully  perform  the  Contract  on  his  part,  and  satisfy  all  cbdms  and 
demands,  incurred  for  the  same,  and  shall  fully  indemnify  and  save  harmless  the 
Owner  from  all  cost  and  damage  which  he  may  suffer  by  reason  of  failure  so  to 
do,  and  shall  fully  reimburse  and  repay  the  Owner  all  ouday  and  expense  which 
the  Owner  may  incur  in  making  good  any  such  default,  and  shall  pay  all  per- 
sons who  have  contracts  directly  with  the  Principal  for  labor  or  materials,  then 
this  obligation  shall  be  null  and  void;  otherwise  it  shall  remain  in  full  force  and 
effect. 
Provided,  however,  that  no  suit,  action  or  proceeding  by  reason  of  any  default 

whatever  shall  be  brought  on  tbis  Bond  after months  from 

the  day  on  which  the  final  payment  under  the  Contract  falls  due. 
And  Provided,  that  any  alterations  which  may  be  made  in  the  terms  of  the 
Contract,  or  in  the  work  to  be  done  under  it,  or  the  giving  by  the  Owner  of  any 
extension  of  time  for  the  performaiice  oC  the  Cxmtract,  or  any  other  fori>earaoce 
on  the  part  of  either  the  Owner  or  the  Principal  bo  the  other  shall  not  in  any  way 
release  the  Principal  and  the  Surety  or  Sureties,  or  either  or  any  of  them,  their 
heirs,  executors,  administrators,  successors,  or  assigns  from  their  liability  heie- 
\mder,  notice  to  the  Surety  or  Sureties  of  any  such  alteration,  extensicm,  or  for- 
bearance being  hereby  waived. 

*  Published  by  peraiission  of  The  American  Institute  of  Architects, 
t  Dotted  lines,  as  indicated,  are  in  the  standard  documents  and  are  omitted  here  to 
save  space. 
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Signed  and  Sealed  this day  of 19. . 

In  Presence  of 

)  (seal) 

(Repeated  three  times)  /  as  to  (Repeated  three  times) 


C.  THE  STANDARD  FORM  OF  SUBCONTRACT* 

TOR  USE  IN  CONNECTION  WttH  THE  OENEHAL  CONDITIONS  Of  THE  CON- 
TRACT AS  ISSUED  BY  THE  AMERICAN  INSTITUTE  Of  ARCHITECTB 

This  fonn  has  been  approved  by  the  National  Association  of  Builders'  Exchanges,  The 
National  Association  of  Master  Plumbers,  and  the  National  Association  of  Master  Steam 
and  Hot  Water  Fitters. 

COPYRIGHT   19IS   BY  THE  AMERICAN  INSTITUTE  OF  ARCHITECTS,  THE 
OCTAGON,   WASHINGTON,  D.  C. 

THIS  AGREEMENT,  made  this day  of 19. . 

by  and  between hereinafter  called 

the  Subcontractor  and 

hereinafter  called  the  Contractor. 

WITNESSETH,  That  the  Subcontractor  and  Contractor  for  the  considera- 
tions hereinafter  named  agree  as  follows: 

Seetion  i.    The  Subcontractor  agrees  to  furnish  all  material  and  perform  ail 

work  as  described  in  Section  a  hereof  for (Here  name  the  kind  of  building.) .... 

(Blank  lines) 

for (Here  insert  the  name  of  the  Owner.) 

(Blank  lines) 

hereinafter  called  the  Owner,  at (Here  bsert  the  location  of  the  work.) 

(Blank  lines) 

in  accordance  with  the  (Jeneral  Conditions  of  the  Contract  between  the  Owner 
and  the  Contractor,  and  in  accordance  with  the  Drawings  and  the  Specifications 

prepared  by hereinafter  called  the  Architect,  all  of 

which  General  Conditions,  Drawings  and  Specifications  signed  by  the  parties 
thereto  or  identified  by  the  Architect,  form  a  part  of  a  Contract  between  the  Con- 
tractor and  the  Owner  dated 19. .  and  hereby  become  a  part  of 

this  Contract. 

Section  a.  The  Subcontractor  and  the  Contractor  agree  that  the  materials 
to  be  furnished  and  work  to  be  done  by  the  Subcontractor  are  (Here  insert  a 
precise  description  of  the  wofk,  preferably  by  tefereoce  to  the  numben  of  the  Drawings 

and  the  pages  of  the  Specifications.) 

(Blank  Unes) 

Section  3.    The  Subcontractor  agrees  to  complete  the  several  portions  and 

the  whole  of  the  work  herein  sublet  by  the  time  or  times  following: 

(Here  insert  the  date  or  dates  and  if  there  be  liquidated  damages  state  them.) 

(Blank  lines) 

Section  4.  The  Contractor  agrees  to  pay  the  Subcontractor  for  the  perform- 
ance of  his  work  the  sum  of OBlank  Ifaie) ($ ) 

in  current  funds,  subject  to  additions  and  deductions  for  changes  as  may  be 
agreed  upon,  and  to  make  payments  on  account  thereof  in  accordance  with 
Section  5  hereof. 

Section  5.  The  Contractor  and  Subcontractor  agree  to  be  bound  by  the 
terms  of  the  (general  Conditions,  Drawings  and  Specifications  as  far  as  applicable 

*  Published  by  permission  of  The  American  Institute  of  AfcfatecCB.. 
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to  this  subcontract,  including  the  provisions  of  Article  44  of  the  General  Cct: 
ditions  of  the  Contract,  as  follows*: 

Section  6 

(Ooe  page  of  blank  lines) 

Finally.  The  Subcontractor  and  Contractor,  for  themselves,  their  hein 
successors,  executors,  administrators  and  assigns,  do  hereby  agree  to  the  f^ 
performance  of  the  covenants  herein  contained. 

IN  WITNESS  WHEREOF  they  have  hereunto  set  their  hands  the  day  a-: 
date  first  above  written. 

In  Presence  of 


SubcinUractor. 
Coniractor. 

D.  STANDARD  FORM  OF  ACCEPTANCE  OF  SUBCON- 
TRACTOR'S PROPOSAL! 

K>R  USE  IN  CONNECnON  WXTB  THE  STANDAKO  DOCUHENTS  OF  THE    AMERI- 
CAN INSTITUTE  OF  ARCHITECTS 

This  fonn  has  been  approved  by  the  National  Association  of  Builden'  Exchanges.  Tr 
National  Assodation  of  Master  Plumbers,  and  the  National  Aasoriation  of  Master  Steo.-: 
and  Hot  Water  Fitters. 

COPYRIGHT  191 5  BY  THE   AMERICAN  INSTITUTE  OF  ARCRnECTS,   THE 
OCTAGON,   WASHINGTON,  D.  C. 

Dear  Sir:   Having  entered  into  a  contract  with    (Here  inert  the  name  and  &d 

dress  or  corporBte  title  of  the  Owner.) 

(Blank  Une) 

for  the  erection  of    (Here  ioseit  the  kind  of  work  and  the  place  at  which  it  is  to  be 

erected.) 

(BUnkline) 

in  accordance  with  plans  and  specifications  prepared  by    (Here  insert  the  lar* 

and  address  of  the  Architect) 

^ (Blank  line) 

and  in  accordance  with  the  General  Conditions  of  the  Contract  prefixed  to  tkf 
^>ecifications,  the  undersigned  hereby  accepts  your  proposal  of  (Here  insert  date  ■ 

to  provide  all  the  materials  and  do  all  the  work  of    (Here  insert  the  kind  of  vok 
to  be  done,  as  plambing,  roofing,  etc.,  aocuratdy  describing  by  number,  page,  etc.  tbc 

drawings  and  specifications  governing  such  work.) 

(Blank  lines) 

The  Undersigned  agrees  to  pay  you  in  current  funds  for  the  faithful  peif iinc- 
ance  of  the  subcontract  established  by  this  acceptance  of  your  proposal  the  ^-"^ 
of   ($ 

Our  relations  in  respect  of  this  subcontract  are  to  be  governed  by  the  pbn^ 
and  specifications  named  above,  by  the  General  Conditions  of  the  Contract  ^^ 
far  as  applicable  to  the  work  thus  sublet  and  especially  by  Article  44  of  thu»: 
conditions  printed  on  the  reverse  hereof,  t 

Very  truly  yours^ 

*  Article  44  of  the  Geneml  Omditions  of  the  Contract  is  here  mpattxA  in  full.  See 
|Mgei6ao. 

t  Published  by  permiaskm  of  The  American  Institute  of  Architects. 

X  Article  44  of  the  General  Conditions  of  the  Contract  is  printed  in  full  oa  the  revene 
akie  of  the  Institute's  standard  fonn.    See  page  x68o. 
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The  Subcontractor  entering  into  this  agreement  should  be  sure  that  not  merely 
the  above  Article  44,  but  the  full  text  of  the  General  Conditions  of  the  Contract 
as  signed  by  the  Owner  and  Contractor  is  known  to  him,  since  such  full  tat, 
though  not  herein  repeated,  is  binding  on  him. 

ARCHITECTS'  LICENSE  LAW.*    STATE  OF  ILLINOIS 

An  Act  to  Provide  for  the  Licensing  of  Architects  and  Regnlatiiig 
the  Practice  of  Architecture  as  a  Profession 

Appointment  of  a  State  Board  of  Biaminen  of  Architects 

Section  i.  Be  it  enacted  by  the  People  of  the  State  of  Illinois,  represented 
in  General  Assembly.  That  within  thirty  days  after  the  passage  of  this  act 
the  Governor  of  this  state  shall,  by  the  advice  and  consent  of  the  Senate,  appoint 
a  State  Board  of  Examiners  of  Architects,  to  be  composed  of  five  members, 
one  of  whom  shall  be  a  member  of  the  faculty  of  the  Illinois  State  University, 
and  the  other  four  shall  be  architects  residing  in  the  State  of  Illinois,  who  have 
been  engaged  in  the  practice  of  architecture  at  least  ten  years.  Two  of  the  said 
practicing  architects  appointed  as  examiners  shall  be  designated  to  hold  office 
for  two  years  from  the  date  of  the  passage  of  this  act,  and  the  other  two,  together 
with  the  member  of  the  faculty  aforesaid,  shall  hold  office  for  four  years  from  the 
passage  of  this  act;  and  thereafter  upon  the  expiration  of  the  term  of  office  of 
the  person  so  appointed,  the  Governor  of  the  state  shall  appoint  a  successor  to 
each  person  whose  term  of  office  shall  expire,  to  hold  office  for  four  years,  and 
said  person  so  appointed  shall  have  the  above  specified  qualifications.  In  case 
appointment  of  a  successor  is  not  made  before  the  expiration  of  the  term  of  any 
member,  such  member  shall  hold  office  until  his  successor  b  appointed  and  duly 
qualified.  Any  vacancy  occurring  in  membership  of  the  board  shall  be  filled 
by  the  Governor  of  the  state  for  the  unexpired  term  of  such  membership.  (Sec- 
tions 2  and  3  relate  to  the  organization  of  the  board,  salaries,  etc.] 

Examinations.    Applicants  for  License  to  Pay  an  Examination  Fee  of  Sxs 
and  a  License  Fee  of  $as 

Sectiok  4.  Provisions  shall  be  made  by  the  board  hereby  constituted  for 
holding  examinations  at  least  twice  in  each  year,  of  applicants  for  license  to 
practice  architecture,  and  any  person  over  twenty-one  years  of  age,  upon  pay- 
ment of  a  fee  of  fifteen  dollars  ($15)  to  the  secretary  of  the  board,  shall  be 
entitled  to  an  examination  for  determining  his  or  her  qualifications.  All  exami- 
nations shall  be  made  directly  by  said  board,  or  a  committee  of  two  members 
delegated  by  the  board,  and  due  notice  of  the  time  and  place  of  the  holding  of 
such  examinations  shall  be  published,  as  in  the  case  provided  for  the  publication 
of  the  rules  and  regulations  thereof.  The  examination  shall  have  special  refer- 
ence to  the  construction  of  buildings,  and  a  test  of  the  knowledge  of  the  candidate 
of  the  strength  of  materials  and  of  his  or  her  ability  to  make  practical  applica- 
tion of  such  knowledge  in  the  ordinary  professional  work  of  an  architect,  and  in 
the  duties  of  a  supervisor  of  mechanical  work  on  buildings,  and  should  also  seek 
to  determine  his  or  her  knowledge  of  the  laws  of  sanitation  as  applied  to  build- 
ings.   If  the  result  of  the  examination  of  any  applicant  shall  be  satisfactory  to 

*  Enacted  by  the  Fortieth  General  Assembly  at  the  Regular  Biennial  Scsaaon,  Ap- 
proved June  3,  1897,  and  In  Force  July  i,  1897;  with  Amendments  Adopted  by  the 
Forty-first  General  Assembly  and  Approved  AprQ  19,  1899;  and  by  the  Forty-fourth 
General  Assembly,  Approved  May  x6, 1905,  and  by  the  Forty-seventh  General  Assembly, 
Approved  May  j6,  19x1. 
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a  majority  of  the  board,  under  its  rules*  the  secretary  shall,  upon  an  order  of  the 
board,  issue  to  the  apfi^cant  a  certifiate  to  that  effect,  and  upon  payment  to 
the  secretary  of  the  board  by  the  candidate  of  a  fee  of  twenty-five  dollars  ($25), 
he  shall  thereupon  issue  to  the  person  therem  named  a  hceose  to  practice  archi- 
tecture in  the  state  in  accordance  with  the  provisions  of  this  act,  which  license 
shall  contain  the  full  name»  birth-place  and  age  of  the  appUcant,  and  be  signed 
by  the  president  and  secretary,  and  sealed  with  the  seal  of  the  board.  All 
papers  received  by  the  aecretaiy  in  relation  to  applicatioos  for  Hcense  sbaU  be 
kept  on  file  in  his  ofiEioe,  and  a  proper  index  and  record  thereof  shall  be  kept  by 
him.* 

Architect!  Wli»  are  Bntifled  ta  Uceaaa  Wttiumt  an  Sxamhiatioa 

Section  5.  Any  person  who  shall,  by  affidavit,  show  to  the  satisfaction  of 
the  State  Board  of  Examiners  of  Ardbitects  that  he  or  she  was  engaged  in  the 
practice  of  the  profession  of  architecture  on  the  date  of  the  passage  of  this  act 
shall  be  entitled  to  a  license  without  an  examination,  provided  such  applicatioQ 
shall  be  made  within  six  months  after  passage  of  this  act.  Such  license,  when 
granted,  shall  set  forth  the  fact  that  the  person  to  whom  the  same  was  issued 
was  practicing  architecture  in  this  state  at  the  time  of  the  passage  of  this  act; 
and  is  therefore  entitled  to  a  license  to  practice  architecture  without  an  examina- 
tion by  the  board  of  examiners,  and  the  secretary  of  the  board  shall,  upon  the 
payment  to  him  of  the  fee  of  twenty-five  dollars  ($25),  issue  to  the  person  named 
in  said  affidavit,  a  license  to  practice  architecture  in  this  state,  in  accordance 
with  the  provisions  of  this  act.  In  the  case  of  a  copartnership  of  architects,  each 
member  whose  name  appears  must  be  licensed  to  practice  architecture.  No 
stock-company  or  corporation  shall  be  licensed  to  practice  architecture,  but 
the  same  may  employ  Hcensed  architects.  Each  licensed  architect  shall  have 
his  or  her  license  recorded  in  the  office  of  the  county  clerk  in  each  and  every 
county  in  this  state  in  which  the  holder  thereof  shall  practice,  and  he  or  she  shall 
pay  to  the  clerk  the  same  fee  that  is  charged  for  the  recording  of  notarial  com- 
missions. A  failure  to  have  his  or  her' license  so  recorded  shall  be  deemied 
sufficient  cause  for  revocation  of  such  license. 

Oooaty  Oefki  to  Keep  Iteoovd  ol  licenses  Recorded 

Section  6.  Each  county  derk  shall  keep  in  a  book,  provided  for  the  purpose, 
a  complete  list  of  all  licenses  recorded  by  him  imder  the  provisions  of  thb  act, 
together  with  the  date  of  the  issuance  of  each  license. 

Licensed  Architects  to  Have  a  Seal 

Section  7.  Every  licensed  architect  shall  have  a  seal,  the  fanpreaaon  of 
which  must  contain  the  name  of  the  architect,  his  or  her  place  of  business,  and 
the  words,  "Licensed  Architect,"  "State  of  Illinois,"  with  which  he  shall  stamp 
aU  drawings  and  specifications  issued  from  hb  office  for  use  in  this  state. 

Penally  for  Practidiig  Ardliitechire  wftOMmt  ■  Lkeos* 

Section  8.  After  six  months  from  the  passage  of  this  act  it  shall  be  unlawful 
and  it  shall  be  a  misdemeanor  punishable  by  a  fine  of  not  less  tfaan  ten  dollars 
($10)  nor  more  than  two  hundred  dollars  ($200)  for  each  and  every  offense^  for 


*  As  amended  May  t6,  19x1.  This  amandmiant  repealed  the  aatbority  heretofon 
given  to  the  Board  to  return  exaadaatkin  less  to  those  pccsoaa  who  had  fsiled  to  pass  ths 
CUm  examinstwns. 

Digitized  by  VjOOQ IC 


Architects'  License  Law.    State  of  Illinois  1G87 

ky  penon  to  practice  architocture  without  a  license  in  this  state,  or  to  advertise, 
>r  put  out  any  sign  or  card,  or  other  device  which  might  indicate  to  the  public 
Llaat  he  or  she  is  entitled  to  practice  as  an  architect.* 

Persons  Who  are  to  be  Regarded  as  Arclutecta 
Section  9.    Any  person  who  shall  be  engaged  in  the  planning  or  supervision 
of  the  erection*  enlaigement,  or  alteration  of  buildings  for  others,  and  to  be 
constructed  by  other  persons  than  himself,  shall  be  regarded  as  an  architect 
'^nrithin  the  provisions  of  this  act,  and  shall  Be  held  to  comply  with  the  same; 
l:»ut  nothing  contained  in  this  act  shall  prevent  the  draughtsmen,  students,  clerks 
of  works  or  superintendents,  and  other  employees  of  those  lawfully  practicing 
SIS  architects,  under  license  as  herein  pf ovided  for,  from  acting  under  the  instnic- 
tJon,  control  or  supervision  of  their  employers;  or  shall  prevent  the  employment 
of  superintendents  of  buildings  paid  by  the  owners  from  acting,  if  under  the 
cx>ntFol  and  direction  of  a  licens^  architect  who  has  prepared  the  drawing  and 
specifications  for  the  building.    The  term  building  in  this  act  shall  be  understood 
to  be  a  structure,  consisting  of  foundations,  walls,  and  roof,  with  or  without  the 
other  parts;  but  nothing  contained  in  this  act  shall  be  construed  to  prevent  any 
person,  mechanic,  or  builder  from  making  plans  and  specifications  for,  or  super- 
vising the  erection,  enlargement  or  alteration  of  any  building  that  is  to  be  con- 
structed by  himself  or  employees;  nor  shall  a  civil  engineer  be  considered  as  an 
architect  unless  he  plans,  designs  and  supervises  the  erection  of  buildings,  in 
which  case  he  shall  be  subject  to  all  the  provisions  of  this  act,  and  be  considered 
as  an  architect. 

License  Revoked 
Section  io.  Architects*  license  issued  in  accordance  with  the  provisions  of 
this  act  shall  remain  in  full  force  until  revoked  for  cause,  as  hereinafter  provided. 
Any  license  so  granted  may  be  revoked  by  unanimous  vote  of  the  State  Board 
of  Examineis  of  Architects  for  gross  incompetency,  or  recklessness  in  the  con- 
struction of  buildings,  or  for  dishonest  practices  on  the  part  of  the  holder  thereof; 
but  before  any  license  shall  be  revoked  such  holder  shall  be  entitled  to  at  least 
twenty-days'  notice  of  the  charge  against  him,  and  of  the  time  and  place  of  the 
meeting  of  the  board  for  the  hearing  and  determining  of  such  charge.  And  on 
the  cancelation  of  such  license  it  shall  be  the  duty  of  the  secretary  of  the  board 
to  give  notice  of  such  cancelation  to  the  county  clerk  of  each  county  in  the  state 
in  which  the  license  has  been  recorded,  whereupon  the  clerks  of  the  counties 
shall  mark  the  license  recorded  in  his  office  "canceled."  After  the  expiration 
of  six  months  from  the  revocation  of  a  license,  the  person  whose  license  was 
revoked  may  have  a  new  license  issued  to  him  by  the  secretary  up:)n  certificate 
of  the  Board  of  Examiners,  issued  by  them  upon  satisfactory  evidence  of  proper 
reasons  for  his  reinstatement,  and  upon  payment  to  the  secretary  of  the  fee  of 
five  doUars  ($5). 

For  the  purpose  of  cairying  out  the  provisions  of  this  Act  relating  to  the 
revocation  of  licenses,  the  board  and  each  member  thereof  shall  have  the  power 
U  administer  oaths,  and  said  board  shall  have  the  power  to  secure  by  its  sub- 
poena both  the  attendance  and  testimony  of  witnesses,  and  the  production  of 
books  and  papers  relevant  to  any  investigations  by  the  board  for  the  purpose  of 
carrying  out  the  provisions  of  this  Act,  relating  to  the  revocation  of  licenses. 
Witnesses  shall  be  entitled  to  the  same  fees  as  witnesses  in  a  court  of  record  to 
be  paid  in  like  manner.  The  accused  shall  be  enltited  to  the  subpoena  of  the 
board  for  his  witnesses,  and  to  be  heard  in  person  or  by  counsel  in  open  public 
trial.  Any^drcuit  court  of  thb  state  or  any  judge  thereof,  either  in  term-time 
*  As  amended  May  x6, 1905. 
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or  vacation,  upon  application  of  such  board,  may  in  its  discretion  by  order  duly 
entered  by  such  court  or  judge  thereof,  require  the  attendance  of  witnesses,  the 
production  of  books  and  papers  and  giving  of  testimony  before  such  board,  and 
upon  refusal  or  neglect  to  so  appear  and  testify  and  produce  such  books  and 
papers  as  commanded  by  such  order  of  court  or  of  any  judge  thereof,  may  com- 
pel, by  an  attachment  for  contempt  of  court  or  otherwise,  the  attendance  of 
such  witnesses,  the  production  of  -such  books  and  papers  and  the  giving  of  such 
testimony  before  such  board,  in  the  same  manner  as  production  of  evidence 
may  be  compelled  before  said  court.  Every  person,  who,  having  taken  an  oath 
or  made  affirmation  before  said  board,  shall  wilfully  swear  of  [or]  affinn  falsely, 
shall  be  guilty  of  perjury  and  upon  conviction  shall  be  punished  acoocdingiy.* 

Renewal  of  Licensee 
Section  ii.  Every  licensed  architect  in  this  state  who  desires  to  continue 
the  practice  of  his  profession  shall  annually,  during  the  time  he  shall  continue 
in  such  practice,  pay  to  the  secretary  of  the  board  during  the  month  of  July  a 
fee  of  five  dollars  ($5),  and  the  secretary  shall  thereupon  issue  to  such  licensed 
architect  a  certificate  of  renewal  of  his  license  for  the  term  of  one  year.  Any 
licensed  architect  who  shall  fail  to  have  his  license  renewed  during  the  month  of 
July  in  each  and  every  year  shall  have  his  license  revoked;  and  it  shall  be  the 
duty  of  the  secretary  of  the  board  to  give  notice  of  such  revocation  to  the  county 
clerk  in  each  county  in  the  state,  whereupon  the  clerks  of  the  counties  shall 
make  an  entry  of  such  revocation  accordingly.  ,  But  the  failure  to  renew  said 
license  in  apt  time  shall  not  deprive  such  architect  of  the  right  to  renewal  there- 
after; and  the  secretary  of  the  board  shall  give  like  notice  of  such  renewal; 
but  the  fee  to  be  paid  upon  the  renewal  of  license  after  the  month  of  July  shall 
be  ten  dollars  ($10),  to  cover  the  additional  expense  incurred  by  the  board  on 
account  of  such  notices.! 

Report  of  Proceedings  to  be  Filed  with  (he  Anditor  of  Pubttc  Acooonts 

Section  12.  Within  the  first  week  of  December,  after  the  organization  of  the 
board,  and  annually  thereafter,  the  secretary  of  the  board  shall  file  with  the 
auditor  of  the  state  a  full  report  of  the  proceedings  of  the  board,  attested  by  the 
affidavits  of  the  president  and  secretary,  subject  to  the  approval  of  the  state 
auditor. 

EDUCATIONAL  INSTITUTIONS  IN  THE  UNITED  STATES 
AND  CANADA  OFFEEING  COURSES  IN  ARCHI- 
TECTURE.    TRAVELING-FELLOWSHIPS 
AND  SCHOLARSHIPS4 

Academy  of  Architecture  and  Induatrial  Science,  St  Lonia,  Mo.    H. 

Maack,  Principal.  This  is  a  private  school  founded  by  Mr.  Maack  in  1885, 
and  designed  more  particuUirly  to  meet  the  wants  of  buildmg  tradesmen,  offer- 

*  As  amended  May  26,  19x1.  This  amendment  to  the  second  paragraph  more  deariy 
defines  the  authority  of  the  boaid  in  conducting  the  trials  of  architects. 

t  As  amended  April  19,  1899. 

t  For  convenience,  these  institutioas  are  arranged  in  alphabetical  order  without  regard 
to  the  character  of  the  courses  of  instruction  in  architectural  subjects.  The  status  of 
these  couraes  varies  with  reference  to  the  requirements  of  admissbn,  the  number  of  yean 
necessary  to  complete  the  work,  the  proficiency  demanded,  the  certificates  or  degrees 
conferred,  the  graduate  or  advanced  work  included,  etc.  They  range  from  academies 
and  trade  schools  to  institutions  conferring  the  highest  degrees  and  offering  the  most 
advanced  graduate  wozk. 
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ing  them  such  instruction  as  is  necessary  to  attain  the  highest  proficiency  in 
their  trade  and  a  thorough  understanding  of  the  plans  and  detaib  of  compli* 
cated  buildings.  There  is  also  a  special  course  for  those  desiring  to  fit  themselves 
for  positions  as  draughtsmen  in  architects'  offices.  Tuition  for  the  regular 
course  is  $50  for  a  three>month  term,  or  $300  for  the  full  course  of  eight  terms, 
or  $100  for  the  year.  There  are  several  special  courses  which  may  be  commenced 
at  any  time  and  for  which  the  tuition  varies. 

American  Academy  in  Rome,  FeUowthip  in  Architecture.  Roman 
Prize.  The  fellowship  is  awarded  annually  and  is  of  the  value  of  $x  000  a  year 
for  three  years.  The  award  is  made  on  competitions  which  are  open  only  to 
unmarried  male  citizens  of  the  United  States,  who  comply  with  the  regulations 
of  the  Academy.  Candidates  arc  required  to  be  (i)  graduates  of  one  of  the 
architectural  schools  included  in  the  accepted  list  of  the  Academy;  or  (2)  grad- 
uates of  a  college  or  university  of  high  standing  who  hold  certificates  of  at  least 
two  years*  study  in  one  of  such  architectural  schools;  or  (3)  Americans  who 
are  pupils  of  the  first  class  of  the  School  of  Fine  Arts  at  Paris,  and  who  have 
obtained  at  least  three  values  in  that  dass.  There  is  no  age-limit.  Information 
as  to  the  terms  and  conditions  of  the  competitions  may  be  obtained  from  the 
Secretary  of  the  Academy,  loi  Park  Avenue,  New  York  City. 

American  School  of  Correspondence,  Chicago,  m.  Correspondence- 
courses  in  Architecture,  Architectural  Engineering,  Contracting  and  Building, 
Reinforced  Concrete,  Architectural  Design,  and  Structural  Draughting.  Bulle- 
tin sent  on  application. 

Armour  Institute  of  Teehnology,  Chicago,  HL  Walter  Francis  Shattuck, 
Professor  of  Architecture.  Full  four-year  course  leading  to  the  degree  of 
Bachelor  of  Science  in  Architecture.  Applicants  for  admission  must  have  com- 
pleted the  regular  four-year  high-school  course.  A  Hoice  Traveung  Scholar- 
ship, four  prizes  and  a  medal  are  awarded  annually.    Tuitbn  $175  per  year. 

Beaux-Arts  Architects,  Society  of.  Wendell  P.  Blagden,  Chairman,  Com- 
mittee on  Bklucation,  437  Fifth  Avenue,  New  York  City.  The  course  established 
in  1893  now  consists  of  a  series  of  thirty-five  competitions  for  the  study  of 
architectural  design  and  the  styles  of  architecture,  open  to  draughtsmen  and 
students  in  architectural  schools  in  the  United  States  and  Canada,  and  modeled 
on  the  system  of  instruction  adopted  by  the  &cole  des  Beaux  Arts  in  Paris.  The 
course  is  free,  except  for  the  annual  fee  of  $2  for  registration  of  each  student. 
There  are  no  restrictions  as  to  the  age,  nationality  or  sex  of  the  students.  No 
preliminary  examinations  are  given  but  new  students  are  expected  to  have  a 
knowledge  of  the  five  orders  of  architecture.  Bronze  medals  are  presented  for 
excellence  m  design  and  money-prizes  are  offered  in  si)edal  prizes  for  decoration, 
group-planning  of  buildings,  etc.  The  competitions  are  conducted  by  the 
Committee  on  Education.  The  Paris  Prize  is  conducted  by  the  Annual  Paris 
Prize  Commillee.  (See  following  paragraph.)  The  students  of  the  Society  of 
Beaux  Arts  Architects  are  dasafied  according  to  the  number  of  "values" 
credited  in  Class  B  and  Class  A  competitions  from  the  time  of  commencing  the 
course.  Certificates  are  presented  to  all  students  of  Class  A  completing  the 
course  as  defined  in  the  drcular  of  information,  which  will  be  furnished  on  request 
by  the  chairman  of  the  committee  on  education.  During  the  season  of  1913-1914 
the  work  was  carried  on  by  ninety-six  local  representatives  of  the  committee  on 
education  in  sev^enty-eight  different  dties  and  over  one  thousand  students  were 
registered. 

The  Paris  Prize  or  the  Society  op  Beaux  Arts  Architects.  Conducted 
by  The  Annual  Paris  Prize  Committee,  William  Emerson,  Chairman,  281  Fifth 
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Avenue,  New  York  City.  A  schoUrshtp  offered  to  the  winner  of  the  final  com- 
petition, who  fulfills  the  requirements  as  stated  in  the  circular  of  information 
concerning  the  Paris  Prize,  which  will  be  furnished  on  request  by  the  chairman 
of  the  Paris  Prize  conunittee.  The  Paris  Prize  winner  is  authorized  by  decree 
of  the  French  Minister  of  Public  Instruction  and  Fine  Arts  to  follow  the  lectures 
and  take  part  in  the  competitions  of  the  first  class  in  the  section  of  architecture, 
subject  to  the  approval  of  the  faculty  of  the  Elcole  Nationale  et  Sp^ale  des 
Beaux  Arts,  Paris.  The  winner  of  the  prize  will  receive  $250  quarterly  for  two 
and  one-half  years  and  the  four  unsuccessful  competitors  in  the  final  competition 
may  receive  $100  each,  provided  the  committee  considers  their  work  satisfactory. 
The  competition  will  consist  of  two  preliminary  and  one  final  competition.  The 
Paris  Prize  competitions  are  open  to  all  citizens  of  the  United  States  under 
twenty-seven  years  of  age,  on  July  i,  of  the  current  season,  independent  of  any 
connection  with  the  Society  of  Beaux  Arts  Architects. 

Carnegie  Institute  of  Technology,  Pittsburgh,  Pa«  School  of  Applied 
Design.  Henry  Hombostel,  Patron.  Department  of  Architecture.  Henry 
McGoodwin,  Professor  in  charge,  (i)  A  complete  course  in  architecture  for 
day-students  for  which  the  degree  of  Bachelor  of  Arts  is  awarded  to  those  spe- 
cializing in  design  and  allied  subjects  (Option  i)  and  the  degree  of  Bachebr  of 
Science  to  those  specializing  in  construction  and  allied  subjects.  From  four  to 
five  years  are  required  for  the  completion  of  prescribed  work.  (3)  For  graduate 
day-students,  a  course  of  advanced  studies  in  design  and  allied  subjects,  scheduled 
to  cover  one  year,  and  leading  to  the  degree  of  Master  of  Arts.  (3)  A  partial 
day-course,  scheduled  to  cover  two  years,  for  experienced  draughtsmen  and  de- 
signers,  for  which  a  certificate  of  proficiency  is  awaided.  (4)  A  course  for  night- 
students,  for  which  a  certificate  of  proficiency  is  awarded.  This  course  includes 
the  same  work  as  is  required  of  day-students  in  design,  freehand  drawing  and 
history  of  architecture.  Total  tuition  and  indd^tal  fees:  for  day-students, 
residents  of  Pittsburgh,  $43;  for  other  day-students,  $53;  for  night-students, 
residents  of  Pittsburgh,  $16;  for  other  night-students,  $18. 

Columbia  University,  New  York  City.  School  op  ARcmrfxrruRE. 
(i)  Full  four-year  course  leading  to  the  degree  of  Bachelor  of  .Architecture. 

(2)  Full  four-year  course  leading  to  the  Professional  Certificate  in  Architecture. 

(3)  Advanced  courses  leading  to  the  degree  of  Master  of  Arts  and  Doctor  of 
Philosophy.  (4)  Students  not  candidates  for  a  degree  or  certificate  are  admitted 
under  the  Department  of  Extension  Teaching  and  to  the  summer  session  without 
examination,  and  select  their  own  programme  of  study.  Tuition,  $250  per  year, 
except  for  Extension  Teaching,  in  which  the  average  charge  is  $5  per  lecture- 
hour  per  term.  There  are  three  Traveling  Fellowships,  the  McKiu  Fellow- 
ship and  the  Columbia  Fellowship,  awarded  annually  in  May,  and  the  Perkivs 
Fellowship,  awarded  quadrennially  in  May,  all  open,  by  competition,  to  gradu- 
ates of  the  school  within  the  preceding  three  years  and  to  students  who  have 
fulfilled  all  requirements  for  the  thesis.  Each  of  these  requires  the  winner  to 
devote  one  year  to  foreign  travel  and  study.  Details  in  the  Announcement 
of  the  School  -ol  Architecture,  Columbia  University. 

Cornell  Univeriity,  Ithaca,  IT,  T.  Cou.sgs  op  Architecture.  Pro- 
fessor Clarence  A.  Martin,  Dean  and  Director.  Professor  Albert  C.  Phelps, 
Secretary,  (i)  Courses  leading  to  the  degree  of  Bachelor  of  Architecture; 
first,  a  four-year  course  covering  the  general  field  of  architecture  in  history, 
theory,  design,  construction  and  practice;  second,  the  same  coarse  modified  b>' 
the  substitution  of  engineering  and  construction  for  a  part  of  the  advanced 
work  in  design  and  drawing;  third,  five-year  oourses  covering  the  same  ground 
as  the  four-year  courses  but  inrluding  additional  work  in  the  arts  and  sdeuces. 
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(a)  A  two-year  special  course  in  arcbitecture,  leading  to  a  certificate.  (3)  Grad- 
uate courses  in  architecture  and  construction  leading  to  the  degree  of  Master 
of  Architecture.    Tuition,  $150  a  year. 

Drezel   Institute   of   Art,   Science   and   Industry,   Philadelphia,  Pa« 

Course  in  Architecture.  Arthur  Truscott,  Professor  of  Architecture;  John 
J.  Dull,  Professor  of  Design.  Three-year  course  in  Architecture,  a  large  share 
of  the  time  being  devoted  to  purely  architectural  work.    Tuition,  $100  per  year. 

Georgia  School  of  Technology,  Atlanta,  Ga,  Departuent  or  Arcbst 
TECTURE.  Francis  Palmer  Smith,  Professor  in  charge,  (x)  Full  four-year  course 
leading  to  the  degree  of  Bachelor  of  Science  in  Architecture,  (a)  Two-year 
special  course  leading  to  a  certificate  of  proficiency.  Tuition,  $25  per  year 
for  residents  of  Georgia;  $100  for  non-residents.  The  Atlanta  Chapter  of  the 
American  Institute  of  Architects  has  provided  a  loan-fund  in  this  department 
for  one  or  two  students  needing  pecuniary  assistance. 

Harvard  Oniverdty,  Graduate  School  of  Applied  Sdanca,  Cambridga, 
Mass.  School  op  Architecture.  Herbert  Langford  Warren,  Nelson  Robin- 
son, Jr.,  Professor  of  Architecture,  in  charge.  Eugene  Duquesne,  Professor  of 
Architectural  Design,  (i)  Professional  training  in  architecture,  open  to  gradu- 
ates of  colleges  and  scientific  schools  of  good  standing,  leading  to  the  degree 
of  Master  in  Architecture.  Length  of  period  of  study,  commonly  three  yean, 
depending  on  ability  and  previous  training.  (2)  Competent  special  students, 
who  must  be  over  twenty-one  years  of  age  and  must  have  had  at  least  three 
years  office-experience,  admitted  to  any  courses  which  their  training  fits  them 
to  pursue  with  advantage.  Tuition,  $150  per  year.  (3)  Advanced  course  in 
architectural  design  open  to  graduates  in  arclUtecture  from  recognized  pro- 
fessional schools  or  to  others  of  similar  competence  in  Design*  Such  students 
may  also  be  candidates  for  the  degree  of  Master  in  Architecture.  Tuition  in 
accordance  with  amount  of  work  taken. 

School  of  Landscape-architecture.  Professor  James  Stuigis  Pray,  in 
charge,  (i)  Professional  training  in  landscape  architecture  open  to  graduates 
of  colleges  and  scientific  schools  of  good  standing,  leading  to  the  degree  of  Mas- 
ter in  Landscape-Architect ure.  (2)  Competent  special  students  admitted  to 
any  courses  for  which  their  previous  training  fits  them.  Tuition,  I150  per 
year. 

Two  Traveling-Fellowships,  the  Julia  Amory  Appleton  and  the  Robin- 
son, are  offered  for  competition  in  alternate  years,  each  having  an  annual  value 
of  $1  000,  tenable  for  two  years,  for  travel  and  study  in  Europe  under  the 
direaion  of  the  Department  of  Architecture.  These  Fellowships  are  open  for 
competition  to  graduates  in  architecture  of  Harvard  University. 

Resident-Scholarships.  Two  Austin  Scholarships  in  Arghttectur* 
and  one  in  Landscape- Architectu re,  annual  value,  $300.  Architectural 
League  Scholarship  in  Architecture,  open  for  competition  to  members  of 
the  Architectural  League  of  America,  three;  annual  value,  $150.  Other  resident 
scholarships  open  to  schools  of  architecture  and  of  landscape-architecture  in 
common  with  students  in  the  graduate  schools.  Awarded  by  comnuttee  on 
examination  of  testimonials. 

The  International  Correspondence  Schools,  Scranton,  Pa.  A  corporation 
formed  to  furnish  instruction  by  correspondence  and  to  hold  examinations  to 
establish  proficiency.  The  architectural  course  is  designed  particularly  to  meet 
the  wants  of  those  already  engaged  in  the  building  trades  or  drafting-r(X)m. 
It  includes  sixty-one  subjects  covering  the  elements  of  building-construction, 
masonry,  carpentry,  plumbhig;  etc.,  and  the  principled  of  design,  drawing,  ren- 
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dering  and  specification-writing.  Total  tuition,  including  text-books*  $96  net 
cash,  or  proportionately  higher  if  paid  on  the  instalment-plan.  Shorter  coux;^ 
are  available  for  building-contractors,  building-foremen,  and  also  special  courses 
in  structural  engineering. 

Massachusetts  Institute  of  Technology,  Boston,  Mass.  Professor  William 
H.  Lawrence,  Chairman  of  the  Department.  Two  four-year  courses  are  offered 
m  architecture  leading  to  the  degree  of  Bachelor  of  Science:  (z)  Course  in 
general  architecture;  (2)  Course  in  architectural  engineering.  Opportunities 
are  offered  in  each  course  for  advanced  professional  work  leading  to  the  degree 
of  Master  of  Science.  Special  students  must  be  college-graduates,  or  twenty- 
one  years  of  age  with  not  less  than  two  years  of  office-experience.  In  all  cases 
they  must  demonstrate  their  fitness  for  the  work  of  the  department  by  personal 
conference  with  th^  chairman  or  his  representative,  and  by  the  presentation  of 
letters  from  former  employers,  together  with  drawings  covering  their  experience 
as  fully  as  possible.  All  special  students  must  take  in  their  first  year  of  residence 
at  the  Institute  courses  in  descriptive  geometry  and  mechanical  drawing,  unless 
these  subjects  have  been  passed  at  the  September  examinations  for  advanced 
standing,  or  excuse  from  one  or  both  has  been  obtained  on  the  basis  of  equivalent 
work  accomplished  elsewhere.  Tuition,  $250  per  year.  An  Annual  Traveling- 
Fellowship  amounting  to  $1  000  is  given  solely  on  the  basis  of  distinguished 
merit,  candidates  being  received  from  both  regular  and  special  students.  Eight 
prizes,  varying  from  $10  to  $200  each,  are  equally  divided  between  the  regular 
and  the  special  students.  Certain  funds  are  available  for  the  assistance  of  well- 
qualified  regular  students  for  undergraduate  and  for  postgraduate  work. 

McOill  University,  Montreal,  Canada.  Department  of  Architecture. 
Ramsay  Traquair,  Percy  E.  Nobbs  and  Thomas  W.  Ludlow,  Professors  in  charge, 
(i)  Full  five-year  coiuse  leading  to  the  degree  of  Bachelor  of  Architecture. 
(2)  Competent  special  students  are  admitted  to  take  a  partial  course,  but  no 
university  certificate  is  granted  for  this  work.  Tuition,  $150  per  year.  Tta. 
George  Creeford  Browne  Traveling-Scholarship  in  Architecture,  of 
the  value  of  $500,  is  awarded  annually. 

North  Dakota  Agricultural  College,  Fargo,  N.  D.  Departvemt  op 
Engineering.  £.  S.  Keene,  Dean.  Contractors'  and  builders'  course  of  two 
years;  Certificate  of  Completion  given.  Full  four-year  course  in  architecture, 
leading  to  Bachelor  of  Science  in  Architecture.  Full  four-year  course  in  Archi- 
tectural Engineering,  leading  to  Bachelor  of  Science  in  Architectural  Engineering. 
Tuition  free.    Fees  amounting  to  I25  per  year. 

Ohio  Mechanics'  Institute,  Cincinnati,  Ohio.  Institute  of  Applied 
Arts.  Department  of  Architecture.  Henry  Norton  June,  Dean.  Com- 
plete course  in  architecture  covering  six  years,  divided  into  two  three-year  periods. 
The  instruction  is  arranged  to  unite  the  high-school  and  college  years.  Grad- 
uates of  grammar-schools  are  trained  in  draughting  and  elementary  architecturai 
subjects  simultaneously  with  their  high-school  subjects  during  the  first  period. 
The  second  period  completes  the  full  technical  course,  including  collegiate 
mathematics  and  sciences,  and  leads  to  the  degree  of  Bachelor  of  Science  in 
Architecture.    Tuition,  $50,  $60  and  $75  per  year. 

Ohio  State  University,  Columbus,  Ohio.  Course  in  Architbcture. 
J.  N.  Bradford,  Professor  in  charge.  Full  four-year  course  leading  to  the  degree 
of  Bachelor  of  Architecture.    Tuition  free. 

The  Pennsylvania  State  College,  State  College,  Pa.  Course  in  Archi- 
tectural Engineering.  Roy  Irvin  Webber,  Professor  in  charge.  Full  four-year 
course  leading  to  the  degree  of  Bachelor  of  Science  in  Architeaund  Engineering. 
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Tuition  is  free.  Incidental  fees  amount  to  about  $30  per  semester,  these  fees 
iacluding  the  college  fees.    No  course  in  architectural  design. 

Pratt  Institute,  Brooklyn,  N.  7.  Course  in  Architecture.  Walter  Scott 
Perry,  Director  of  the  School  of  Fine  and  Appueo  Arts,  (i)  Two-year 
course  in  architectural  design.  (2)  Two-year  course  in  architectural  construc- 
tion. (3)  Full  three^year  course  in  architectural  design  and  architectural  con- 
struction. The  course  in  architectural  design  aims  to  give  students  a  general 
training  that  will  prepare  them  to  pursue  the  profession  of  architecture  as  com- 
petent assistants  in  architects'  offices,  and  leads  to  positions  of  responsibility 
and  independence.  The  course  in  architectural  construction  aims  to  fit  the 
student  for  general  draughting  in  builders'  offices,  or  for  general  detailing  and 
construction-work  in  an  architect's  office,  and  leads  to  the  position  of  super- 
intendent of  construction-work.    Tuition,  $64  per  year. 

Rice  Institnte,  Houston,  Texas.  ARcmrKcruKAL  Department.  Wm. 
Ward  Watkin,  in  charge.  Full  four-year  course  leading  to  Bachelor  of  Science 
in  Architecture.  •  Tuition  free. 

Rose  Polytechnic  Institute,  Terre  Haute,  Ind.  Departicent  op  Archi- 
tecture. Malverd  A.  Howe,  Director.  Full  four-year  course,  designed  to  give 
a  thorough  training  in  architectural  engineering  together  with  systematic  in- 
struction in  architectural  design.    Tuition  and  incidentxd  fees,  |iio. 

Rotch  Traveling-ScholarsUp,  Inc.  C.  H.  Blackall,  Secretary,  20  Beacon 
Street,  Boston,  Mass.  Candidates  must  be  under  thirty  years  of  age  at  the  date 
of  the  beginning  of  the  preliminary  examinations.  At  that  date  they  must 
have  been  engaged  in  professional  work  during  two  years  in  Massachusetts  in 
the  employ  of  a  practicing  architect  resident  in  Massachusetts,  and  will  be 
required  to  pass  preliminary  examinations  upon  the  following  subjects:  (i)  His- 
tory of  architecture;  (2)  Freehand  drawing  from  the  cast;  (3)  Construction, 
theory  and  practice;  (4)  An  elementary  knowledge  of  the  French  language. 
Holders  of  a  degree  in  Arclutecture  from  the  Massachusetts  Institute  of  Tech- 
nology, Columbia  University,  University  of  Pennsylvania,  Cornell  University, 
Harvard  University,  or  University  of  Illinois  will  be  allowed  to  present  such 
diploma  which  will  be  accepted  in  lieu  of  the  examinations  in  the  preliminaries. 
Candidates  who  pass  in  these  preliminary  examinations  are  admitted  to  a  com- 
petition in  design,  the  successful  candidate  in  which  is  awarded  the  scholarship 
and  receives  annually,  for  two  years,  $1  000  to  be  expended  in  foreign  travel  and 
study.  The  Boston  Society  of  Architects,  through  a  committee,  has  complete 
charge  of  the  examinations  and  supervises  the  work  of  the  scholar.  The  Society 
of  Architects  awards  the  sum  of  $75  as  a  second  prize. 

Syracuse  University,  Syracuse,  N.  7.,  CoHege  of  Fine  Arts.  Depart- 
icent OP  Architecture.  Frederick  W.  Revels,  Director,  (i)  .\  full  four-year 
course  in  architecture.  (2)  A  full  four-year  course  in  architecture  allowing 
specialization  in  architectural  engineering.  These  courses  lead  to  the  degree  of 
Bachelor  in  Architecture,  (B.Ar.).  (3)  A  two-year  special  course  for  architec- 
tural draughtsmen  of  two  or  more  years*  office-experience,  leading  to  a  certifi- 
cate of  proficiency.    Tuition,  $120  per  year. 

The  Tulane  University  of  Louisiana,  New  Orieans,  La.  Department  op 
AacHiTECTCRE  IN  THE  CoLLEOE  OP  TECHNOLOGY.  W.  H.  P.  Creighton,  Dean; 
N.  C.  Curtis,  Professor  of  Architecture,  in  charge.  (1)  Full  four-year  course 
leading  to  a  degree  in  architecture,  (a)  Full  four-year  course  leading  to  a  degree 
in  architectural  engineering.  (3)  Special  courses  for  students  not  candidates 
for  a  degree.  Tuition,  $100  per  year.  Special  attention  given  to  subtropical 
conditions. 
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TTniTenity  of  CtUfornia,  Berkeley,  C«L  Depastmeitt  or  Akchttec- 
TUSE.  (i)  Full  four-year  course  leading  to  the  degree  of  Bachelor  of  Science. 
(9)  Two-year  graduate  course  leading  to  advanced  degrees.  (3)  Special  or 
elective  courses  for  students  not  candidates  for  a  degree.  Tuition  free  to  resi- 
dents of  the  state  of  California. 

UntTersity  of  Illinois,  UrbasA,  HI.  Courses  in  Architectuse.  L.  H. 
Provine,  Professor  in  charge,  (i)  Full  four-year  course  leading  to  the  degree  of 
Bachelor  of  Science  in  Architecture,  (a)  Full  four-year  course,  leading  to  the 
degree  of  Bachelor  of  Science  in  Architectural  Engineering.  Tuition  is  free. 
Incidental  fee,  $24  per  year.  Plyu  T^velino-Fellowship,  $x  000  for  one 
year  of  travel  abroad;  awarded  by  competition  to  graduates  of  the  Department 
of  Architecture  of  the  University  of  Illinois. 

TTniversity  of  Michigan,  Ann  Arbor,  Mich.  Departicent  of  Aschi- 
TKCTUEE,  Emil  Lorch,  Professor  of  Architecture  in  charge  of  Department, 
(i)  A  general  four-year  course  leading  to  the  degree  of  Bachelor  of  Architecture. 
(2)  A  four-year  course,  in  which  architectural  design  is  cmphaaiKed.  leading  to 
the  same  degree.  (3)  A  four-year  course  in  which  there  is  a  large  proportion  of 
engineering  subjects,  leading  to  the  degree  of  Bachelor  of  Architectural  Engineer- 
ing. (4)  Five-year  courses  leading  to  the  degrees  of  Master  of  Architecture  and 
Master  of  Architectural  Engineering.  (5)  A  two-year  course  for  special  students 
(experienced  draughtsmen  or  college  graduates).  (6)  Students  may  cam  the 
Bachelor-of-Arts  degree  and  the  degree  in  Architecture  in  from  five  to  sax  years. 
There  are  three  scholarships.  Annual  fees,  $55  for  students  from  Michigan 
and  $65  for  others. 

University  of  Minnesota,  Bffinneapolis,  Minn.  Coxtrses  m  Architec- 
ture. Frederick  Maynard  Mann,  Professor  in  charge,  (i)  Full  four-year 
course,  leading  to  the  degree  of  Bachelor  of  Science  in  Architecture.  (2)  Full 
four-year  course  leading  to  degree  of  Bachelor  of  Science  in  Architectural  Engi- 
neering. (3)  Fifth  year  iii  each,  leading  to  degree  of  Master  of  Science.  (4) 
Special  students  of  maturity  and  practical  experience  admitted.  Tuition  free. 
Incidental  fee  for  residents  and  non-residents  alike,  I50  per  year. 

University  of  Notre  Dame,  Notre  Dame,  Ind.  College  or  Architec- 
ture. Rev.  John  Cavanaugh,  President.  Francis  Wynne  Kervick,  in  charge, 
(i)  Full  four-year  course  in  design  leading  to  the  degree  of  Bachelor  of  Science 
in  Architecture.  (2)  Full  four-year  course  in  architectural  engineering  leading 
to  the  degree  of  Bachelor  of  Science  in  Architectural  Engineering.  (3)  Two- 
year  special  course  leading  to  a  Certificate  of  Proficiency.  Fees  for  room,  board 
and  tuition,  $400  per  year. 

University  of  Oregon,  Eugene,  Oregon.  School  of  Architecture.* 
Ellis  F.  Lawrence,  Director.  Four-year  course  leading  to  the  practice  of 
the  profession  of  architecture.  Two  options  in  third  and  fourth-years  work: 
(i)  Architectural  design.  (2)  Structural  design.  A  degree  of  BachekK  of 
Arts  is  given  for  the  successful  completion  of  the  first  and  a  degree  of  Bachelor 
of  Science  for  the  second. 

University  of  Pennsylvania,  Philadelphia,  Pa.  Courses  in  ARCBnxc- 
TURE.  Warren  Powers  Laird,  Professor  in  charge,  (i)  Full  four-)rear  course 
leading  to  the  degree  of  Bachelor  of  Science  in  Architecture.  (2)  Two-year 
special  course  leading  to  a  professional  certificate.  (3)  Graduate  course  of 
one  year  leading  to  the  degree  of  Master  of  Science  in  Architecture.    (4)  Six- 

•  Thii  Inforaiation  was  taken  from  the  Preliminary  Announcement  of  the  School  ol 
ArehlUcture  of  the  University  of  Oregon.  The  ofganisatloa  of  the  School  h  being  axn- 
'leted  (19x5). 
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year  arrangement  of  courses  in  Arts  and  Architecture  leading  to  the  degree  of 
Bachelor  of  Arts  at  the  end  of  the  fourth  year  and  to  the  degree  of  Bachelor  of 
Science  in  Architecture  at  the  end  of  the  sixth  year.  (5)  Course  in  Architectural 
Engineering  leading  to  the  degree  of  Bachelor  of  Science  in  Architecture.  Sum- 
mer School,  providing  instruction  in  many  architectural  subjects  of  the  regular 
session.  Pbjzes  and  Schoi-abships  are  awarded  annually.  The  PaxzE  or  thk 
American  Academy  at  Rome  and  the  Paris  Prize  are  open  to  students  and  the 
Stewasdson  Scholarship  is  avaiUble  to  those  resident  in  Pennsylvania.  The 
degree  and  certificate  arc  accepted  by  the  American  Institute  of  Architects 
in  lieu  of  examination  lor  membership.  Instruction-staff  (19 14-15)  in  archi- 
tecture, 39  persons;  students,  301,  including  sunmier-school  courses.  Tuition, 
$300  per  year.  Circular  and  year-book  on  application  to  Professor  Johir 
Frazer,  Dean  of  the  Towne  Scientific  School  University  of  Pennsylvania, 
Philadelphia,  Pa. 

The  John  Stewardson  Memorial  Scholarship  in  Architecture.  The 
value  of  this  scholarship,  established  in  1897,  is  $1  000.  The  holder  is  required 
to  spend  one  year  in  travel  and  the  study  of  Architecture  in  Europe  under  the 
direction  of  the  managing  committee.  All  candidates  must  be  under  thirty 
years  of  age  and  either  students  or  practitioners  of  architecture,  resident  in  the 
state  of  Pennsylvania  for  at  least  one  year  inunediately  preceding  the  date  of 
preliminary  examinations. 

UniverBity  of  Southern  California.  College  of  Fine  Arts.  Four-year 
course  in  architecture,  leading  to  the  degree  of  Bachelor  of  Fine  Arts;  also  a 
diploma-course  of  three  years  qualifying  the  student  for  practical  work  in  archi- 
tectural design. 

TJiilversIty  of  Texas,  Austin,  Texas.  School  of  Architecture.  F.  E. 
Giesecke,  Professor  in  charge.  Four-year  and  five-year  courses  leading  respec- 
tively to  the  degrees  of  Bachelor  of  Science  and  Master  of  Science  in  Architec- 
ture. In  the  first,  second  and  third  years  the  course  in  prescribed;  in  the  fourth 
and  fifth  years  the  student  has  opportunity  of  selecting  his  studies  so  as  to  spe- 
cialize in  the  ssthetic  or  in  the  engineering  branches  of  architecture.  There  is 
no  charge  for  tuition,  but  a  matriculation  fee  of  $10  per  year  for  the  first  three 
years  is  required. 

ITniTeriity  of  Toronto,  Toronto,  Ontario,  Canada.  Department  of  Ar- 
chitecture. C.  H.  C.  Wright,  Professor  in  charge.  Full  four-year  course 
leading  to  the  degree  of  Bachelor  of  Applied  Science  (B  A.Sc.)  with  an  option  of 
architectural  engineering  replacing  arddtectural  design  in  the  fourth  year.  The 
fees  are,  first  year,  $100;  second  year,  $110;  third  and  fourth  ywn,  $120.  The 
university  is  supported  by  the  Province  of  Ontario. 

University  of  Washington,  Seattle,  Washington.  Course  in  Architec- 
ture. Karl  Gould,  Professor  in  charge.  A  course  in  home-architecture  and 
decoration.    Lectures  and  laboratory  work. 

Washington,  The  State  College  of,  PuUnian,  Wash.  Department  07 
Architecture.  Rudolph  Weaver,  Professor  in  charge,  (i)  Full  four-year 
course  leading  to  the  degree  of  Bachelor  of  Science  in  Architecture.  (2)  Two- 
year  special  course  leading  to  a  Certificate  of  Proficiency.  (3)  Special  students, 
adequately  prepared,  are  admitted  to  all  classes.    Tuition  free. 

Washington  University,  St  Louis,  Mo.  Course  in  Architecture.  John 
Beverley  Robinson,  Professor  in  charge,  (i)  Four-year  course  in  architecture 
or  in  architectural  engineering  leading  to  the  degree  of  Bachelor  of  Sdence.  (2) 
One-year  course  leading  to  the  degree  of  Master  of  Science.  (3)  Special  course 
with  diploma.    Tuition,  $150  per  year.    Special  course,  $40  per^year. 
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Wentwortfa  Institute,  Boston,  Mass.  A.  L.  Williston,  Principal.  Courses 
in  architectural  construction  and  carpentry  and  building,  (x)  Two-year  course 
in  architectural  construction  trains  for  positions  of  foremen,  superintendents, 
detail-designers,  .etc.  Tuition,  $i8  per  year  and  $15  laboratoiy-fee.  (a)  One- 
year  coiurse  in  carpentry  and  building  planned  for  those  wishing  to  enter  the 
woodworking-trades  and  industries.  Tuition,  $18  per  year  and  $9  laboratoiy- 
fee. 

Tale  Uniyersity,  New  Hayen,  Conn.  Couilses  in  AacHiTECTnKE.  Richard 
Henry  Dana,  Professor  in  charge.  Regular  course  covers  three  years.  Special 
degree.  Bachelor  of  Fine  Arts,  to  be  competed  for  at  end  of  course.  The  first 
year's  work,  including  lectures  on  history  of  chief  styles  of  architecture  and 
principles  of  composition  and  practice  in  elementary  design,  may  be  taken  as  an 
elective  by  juniors  and  seniors  in  the  academic  course.  Auce  Kimball  Encusr 
Scholarship  supported  from  fund  of  $11  000  for  a  year's  travel  abroad.  Wil- 
liam WntT  Winchester  Scholarship,  supported  from  fund  of  I20000  for  a 
year's  travel  abroad.    Tuition,  $x8o  per  year. 

ABCHirECTUliAL   SOCIETIES  AND   ORGANIZATIONS 
OF   THE   WORLD* 

z.  United  States 

(i)  THE   AMERICAN  INSTITUTE  OF  ARCHITECTS 

.The  Octagon,  Washington,  D.  C 

List  or  Chapters  (191 5)  of  The  American  Institxjte  of  Archhects 
The  year  indicates  the  date  of  the  chapter's  oiganization 

Baltimore  Chapter.     1870  Minnesota  Chapter.    189a 

Boston  Chapter.     1870  New  Jersey  Chapter.     1900 

Brooklyn  Chapter.     1894  New  York  Chapter.     1867 

Buffalo  Chapter.     1890  North  Carolina  Chapter.     1913 
Central  New  York  Chapter.     1887         Oregon  Chapter.    191 1 

Cincinnati  Chapter.     1870  Philadelphia  Chapter.     1869 

Cleveland  Chapter.    1890  Pittsburgh  Chapter.    1891 

Colorado  Chapter.     1892  Rhode  Island  Chapter.     1875 

Columbus  (Ohio)  Chapter.    1913  St.  Louis  Chapter.    1890 

Connecticut  Chapter.    1902  San  Frandsco  Chapter.    i88x 

Dayton  Chapter.    1899  South  Carolina  Chapter.     1915 

Georgia  Chapter.    1906  Southern  California  Chapter.    1894 

Illinois  Chapter.    1869  Southern  Pennsylvania  Chapter.     1909 

Indiana  Chapter.     1910  Texas  Chapter.    1913 

Iowa  Chapter.    1903  Washington  (D.  C.)  Chapter.    1887 

Kansas  City  Chapter.     1890  Washington  State  Chapter.     1894 

Louisiana  Chapter.     1910  Wisconsin  Chapter.    1911 

Louisville  Chapter.     1908  Worcester  Chapter.     1892 
Michigan  Chapter.    1887 

List  of  State  Associations  of  The  American  Instetutv  of  AtcanxBcxs 

Pennsylvania  State  Association.     1909. 
New  York  State  Association.    1913 

*  Reproduced  by  permission  from  the  1913-14  edition  of  the  Architects'  Diractorr 
and  Specification-Index,  published  by  The  Wiliiam  T.  Comstock  Company,  New  Yock 
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(a)  ARCHITECTURAL  LEAGUE  OF  AMERICA 

Organizations  or  the  Leagxte 

Architectural  Society  of  Washington  University,  St.  Louis 

Boston  Architectural  Club 

Gargoyle  Society  of  Cornell  University 

George  Washington  University  Architectural  Club,  Washington,  D.  C. 

T  Square  Club,  Philadelphia 

Cleveland  Architectural  Club 

Toronto  Architectural  Club 

Pittsburgh  Architectural  Club 

Chicago  Architectural  Club 

St.  Louis  Architectural  Club 

Washington,  D.  C,  Architectural  Club 

Architects'  Club,  University  of  Illinois 

Topiarian  of  Harvard 

National  Society  of  Mural  Painters 

San  Francisco  Architectural  Club 

Detroit  Architectural  Club 

(3)  MISCELLANEOUS  SOCIETIES 

American  Society  of  Landscape  Architects 

Architects'  Association  of  Indianapolis 

Architectural  Club  of  Minneapolis 

Architectural  League,  Pacific  Coast 

Architectural  League  of  New  York 

Architectural  Society  of  the  University  of  California 

Baltimore  Architectural  Club 

Birmingham  Society  of  Architects 

Boston  Architectural  Club 

Boston  Society  of  Architects 

Brooklyn  Institute  of  Arts  and  Sciences 

Chicago  Architects'  Business  Association 

Chicago  Architectural  Club 

Chicago  Association  of  Architects 

Cincinnati  Architectural  Club 

Cleveland  Architectural  Club 

Columbus  Society  of  Architects 

Detroit  Architectural  Club 

Duluth  Architectural  Club 

Engineers'  and  Architects'  Club  of  Louisville,  Ky. 

Florida  Association  of  Architects 

Gargoyle  Club  of  St.  Paul 

Georgia  Architectural  Association 

Indianapolis  Architectural  Club 

Kansas  State  Architects'  Association 

Los  Angeles  Architectural  Club 

Massachusetts  Institute  of  Technology  Architectural  Association 

Minneapolis  Architectural  Club 

Minneapolis  Sodety  of  Architects 

New  Orleans  Architectural  Club 

New  York  Society  of  Architects 

Norfolk  Society  of  Architects 
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North  Carolina  Architectural  Association 

Oakland  Architects'  Association 

Oakland  Architectural  Club 

Oklahoma  State  Association  of  Architects 

Pittsburgh  Architectural  Club 

Portland,  Oregon,  Architectural  Club 

Portland,  Oregon,  Association  of  Architects 

St.  Joseph,  Missouri,  Society  of  Architects 

St.  Louis  Architectural  Club 

St.  Paul  Architectural  Club 

San  Antonio  Society  of  Architects 

San  Diego  Architectural  Association 

San  Francisco  Architectural  Club 

Society  of  Architects  of  Akron,  Ohio 

Society  of  Architects  of  Columbia  University 

Society  of  Beaux-Arts  Architects 

Society  of  Naval  Architects  and  Marine  Engineen 

South  Bend  Architectural  Club 

South  Carolina  Association  of  Architects 

Southern  States  Engineering  Society 

Spokane  Architectural  Club 

T  Square  Club  of  Philadelphia 

Tacoma  Society  of  Architects 

Texas  State  Association  of  Architects 

Utah  Association  of  Architects 

Washington,  D.  C,  Architectural  Club 

2.  Argentine  Republic 

Sociedad  Central  de  Arquitectos.    Buenos  Aires 

S.  Austria 

Austrian  Society  of  Civil  Engineers  and  Architects.    Vienna 

Architckten-Klub  der  Weiner  Runstlergenossenschaft.    Vienna 

Gesellschaft  Osterreichischer  Architekten.    Vienna 

Weiner  Bauhiitte.    Vienna  j 

Towarzystwo  Politechniczne  we  Lwowie.    Leopol  J 

Towarzystwo  Technisczne  we  Krakowie.    Cracow 

4.  Belgium 

Association  des  Architectes,  de  Li^.    lAhgt 

Sod6t€  Centralc  D 'Architecture  de  Bclgique.    Brusseb 

Sod^t^  Royalc  des  Architectes  D' An  vers.    Antwerp 

Kring  Voor  Bouwhunde  D'Anvers.    Antwerp  ' 

Chambre  Syndicale  des  Architectes  de  Bruxelles.    Brussels 

Association  des  Architectes  de  Bruxelles.    Brussels 

Socidtd  des  Architectes  de  la  Flandre  Orientale.    Ghent 

Soci^t^  des  Architectes  de  la  Flandre  Orientale.    Bruges 

5.  Bulgaria 

Soddt^  des  Ingdnieurs  et  des  Architectes  Bulgarea.    Sofia 
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••  Canada 

Archxtectural  Association  of  Canada 

Royal  Architcctiiral  Institute  of  Canada.    Montreal 

Alberta  Asaodation  of  Architects.    Calgary  and  Edmonton,  Alta. 

Architects'  Association  of  Victoria.    Victoria,  B.  C. 

British  Columbia  Association  of  Architects. 

Calgaxy  Architectural  Club 

Manitoba  Association  of  Architects.    Winnipeg,  Man. 

Ontario  Association  of  Architects.    Toronto 

Province  of  Quebec  Association  of  Architects.    Montreal 

Regina  Architectural  Association.    Regina,  Sask. 

Saskatchewan  Association  of  Architects.    Regina,  Sask. 

7.  Cttba 

Society  of  Engineers  and  Architects  of  Havana.    Havana 

8.  France 

Permanent  Committee  of  International  Congresses  of  Architects.    Paris 

Soci6t6  des  Architectes  Dipldm^  par  le  Gouvemcment.    Paris. 

Sod^t^  Nationale  des  Architectes  de  France.    Paris. 

Sod£t£  Centrale  des  Architectes  Fran^ais.    Paris 

Union  Syndicale  des  Architectes  Frangab.    Paris 

Sod6t6  des  Dipldm^  dc  I'&ole  Spdciale  d' Architecture.    Paris 

Association  Provendale  des  Architectes  Francois.    Versailles 

Soci£t6  R6gionale  des  Architectes  du  Centre  de  la  France.    Bourges 

Soci^t6  Regionale  des  Architectes  de  Dauphin6  et  de  la  Savoie.    Grenoble 

Sod^t^  des  Architectes  de  TEst  de  la  France.    Nancy 

Sod^t6  R6gionale  des  Architectes  du  Limousin,  de  TAngouldme  ct  du  Perigord. 

Gu^ret  (Creuse) 
Soci^t^  Rdgionale  des  Architectes  du  Midi.    Toulouse 
Soci^t^  R6gionale  des  Architectes  du  Nord.    Lille 

Sod6t6  R^onale  des  Architectes  du  Poitou  et  de  la  Saintonge.    Parthenay 
Sod6t6  R^onale  des  Architectes  du  Puy-de-Ddme,  du  Cantal,  de  la  Haute- 

Loire  et  de  I'Allier.     Clermont-Ferrand 
Sod6t6  Regionale  des  Architectes  de  Sa6ne-et-Lo{re,  de  TAln  et  du  Jura.    Ch&- 

lons-sur-Sadne 
Association  R6gionaIe  des  Architectes  du  Sud-Est.    Nice 
Sod^t^  des  Architectes  de  I'Aisne.    St.  Quentin 
Sod£t^  des  Architectes  de  TAllier.    Moulins 
Sod^t£  des  Architectes  de  TAnjou.    Angers 
Sod^t^  des  Architectes  de  TAubc.    Troyes 
Sod^t6  des  Architectes  dc  Blois.    Blois 

Sod^t^  des  Architectes  de  Bordeaux  et  du  Sud-Ouest.    Bordeaux 
Sod^t6  des  Architectes  des  Bouches^u-Rhdne.    Marseilles 
Sod^t^  des  Architectes  du  Doubs.    Besan^on 
Soci^t^  des  Architectes  de  la  Drdme  et  de  I'Ard^he.    Valence 
Soci^t^  des  Architectes  d'Eure-ct-Loir.    Chartres 
Sod^t^  Amicale  et  S3mdicat  des  Architectes  du  Gard.    Nimes 
Sod^t^  des  Architectes  de  la  Haute-Mame.    Chftlons-sur-Mame 
Sod^t^  Acad^mique  d'Architecttue  de  Lyon.    Lyon 
Sod^t^  des  Architectes  de  la  Mame.    Paul-Chandon 
Sod^t£  des  Architectes  de  Nantes.    Nantes  ^  . 

Digitized  by  VjOOQlC 


1700   Architectural  Societies  and  Organizations  of  the  Wodd   Part  3 

Soci^t£  des  Architectes  de  TOise.    Compile 

Sodeti  des  Architectes  d'Orl^ans.    Orl&ms 

Soci^t6  des  Architectes  de  Rennes.    Rennes 

Soci6t£  des  Architectes  de  la  Seine  Inf^rieure  et  de  I'Eure.    Rouen 

Soci^t^  des  Architectes  de  Seine-et-Mame.    Melun 

Soci6t£  des  Architectes  de  Seine-et-Oise.    Versailles 

Soci6t6  des  Architectes  de  la  Touraine.    Tours 

Sod6t£  des  Architectes  de  I'Yonne.    Joigny 

Association  Amicale  des  Architectes.    Paris 

Reunion  Amicale  des  Andens  El^ves  de  I'Atelier  Questei-PascaL    Paris 

Union  Mutuelle  des  Architectes.    Paris 

Assodation  Provindale  des  Architectes  Fran^ais.    Bordeaux 

Sod6t6  des  Architectes  de  la  Cdte-d'Or.    Dijon 

Sod6t6  des  Architectes  du  Nord-Ouest.    Gutngamp  (C6tes^u-Nord) 

Sod^t^  des  Architectes  de  la  Loire.    Saint-6tienne 

Soci£t6  des  Architectes  du  Loiret.    Orleans 

Soci6t6  des  Architectes,  G^om^tres  et  Experts  de  la  Los^re.    Mende 

Syndicat  des  Architectes  du  Rhdne.    ViUeurbanne 

Sod6t£  des  Architectes  du  Havre.    Le  Havre  (Sdne-Inf6rieure) 

Union  Architecturale  de  Lyon.    Lyon 

Assodation  des  Architectes  Fran^ais.    Marseilles 

Syndicat  des  Architectes  de  Basse-Normandie.    Caen 

Sod£t6  Historique  de  Cam|H^.    Campi^ 

Soci£t6  d'Asaistance  Confratemelle  des  Architectes  Fran^ais.    Versailles 

f.  Germany 

Architekten-Verein  zu  Berlin.    Berlin.  W. 

Verbund.  Deutscher  Architekten-und-Ingenieur-Vereine.    Berlin.  S.W. 

Wiirttemberserischer  Verdn  fur  Baukunde.    Stuttart 

Sa.chsischer  Ingenieur-und-Architekten-Verdn.    Dresden 

Vereinigung  Berliner  Architekten.    Berlin.  W. 

Architekten-und-Ingenieur-Verein  zu  Hannover.    Hannover 

Architekten-und-Ingenieur-Verein  zu  Osnabriick.    OsnabrUck 

Architekten-und-Ingenieur-Verein  zu  Hamburg.    Hamburg 

Architekten-und-Ingenieur-Verdn  zu  CaaseL    Cassel 

Architekten-xmd-Ingenieur-Verein  zu  Liibeck.    Liibeck 

Schleswig-Holstetnischer,  Architekten-und-Ingenieur-Verein.    Kell 

Baierischer  Architekten-und-Ingenieur-Verem.    Munich 

Architekten-und-Ingenieur-Verein  zu  Breslau.    Breslau 

Badischer  Architekten-und-Ingenieur- Verdn.    Karlsruhe 

Architekten-und-Ingenieur-Verein  zu  Oldenburg.    Oldenburg 

Ostpreussischer  Architekten-und-Ingeoieur-Verrin.    Kdnigsberg 

Frankfurter  Architekten-imd-Ingenieur-Verein.    Frankfort-on-Matn 

Westpreussicher  Architekten-und-Ingenieur-Veretn  zu  Danzig.    Danzig 

Architekten-und-Ingenieur-Verem  fUr  Elsaas-Lothringen.    Strassbuig 

Mittelrheinischer  Architekten-und-Ingenieor-Verein.    Darmstadt 

Dresdener  Architekten-Verdn.    Dresden 

Architekten-und-Ingenieur-Verein  fUr  Nlederrhem  und  Westfalen.    Cologne 

Verein  Ldpziger  Architekten.    Leipzig 

Architekten-und-Ingenieur-Verdn  ftir  das  Hetzogtum  Braunschweig.     Bru&s.^ 

wick  ^ 

Architekten-und-Ingenieur-Verein  zu  Madgeburg.    Magdeburg 
rchitekten-und-Ingemeur-Verein  zu  Bremen.    Bremen 
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Ardiitekten-und-Ingeiiieur-VereiD  zu  Aachen.    Aiz-Ia-Chapelle 

Architekten-und-Ingenieur-Verein  zu  Metz.    Metz 

Mecklenbiirgischer  Aichitekten  -  und  -  logenieur  -  Vcrein  zu  Schwerin,  i.M. 

Schwerin 
Verdnigung  Berliner  Architekten.    Berlin.    W. 
Architekten-und-Ingenieur-Verein  zu  Diisseldorf .    DUsseldorf 
Bromberger  Aichitekten-und-Ingenieur-Verein.    Brombeig 
Architcktcn-und-Ingenieur-Verein  zu  Miinster,  i.W.    MQnster 
Architekten-und-Ingenieur-Verein  zu  Potsdam.    Potsdam 
Architekten-und-Ingenieur-Verein  zu  Stettin.    Stettin 
Architekten-und-Ingenieur-Verein  zu  Posen.    Posen 
Architekten-und-Ingenieur-Verein  zu  Erfurt.    Erfurt 
Verein  der  Architekten  und  Bauing-Enieure  zu  Dortmund.    Dortmund 
Vereiningung  Schlesiacher  Architekten.    Breslau 
Towar^stwo  Przyjadol  Nauk.    Posen 

!•.  Great  Britain 

Royal  Institute  of  British  Architects.    London,  W. 

Northern  Architectural  Association.    Newcastle-upon-Tyne 

Leeds  and  Yorkshire  Architectural  Society.    Leeds 

Sheffield  Society  of  Architects  and  Surveyors.    Sheffield 

Manchester  Society  of  Architects.    Manchester 

Liverpool  Architectural  Society  (Inc.)-    Liverpool 

Nottingham  Architectural  Association.    Nottingham 

Birmingham  Architectural  Association.    Birmingham 

Leicester  and  Leisterahire  Society  of  Architects.    Leicester 

Bristol  Society  of  Architects.    Bristol 

Cardiff,  South  Wales  and  Monmouth  Architects'  Society.    Cardiff 

Devon  and  Exeter  Architectural  Society.    Exeter 

Glasgow  Institute  of  Architects.    Dundee 

Dundee  Institute  of  Architects.    Dundee 

Aberdeen  Society  of  Architects.    Aberdeen 

Edinburgh  Architectural  Association.    Edinburgh 

York  and  Yorkshire  Architectural  Society.    York 

Ro3ral  Institute  of  Architects  of  Ireland  (Inc.).    Dublin 

Architectural  Association  of  Ireland.    Dublin 

Institute  of  Architects  of  New  South  Wales  (Inc.).    Sidn^ 

Royal  Victorian  Institute  of  Architects  (Inc.).    Melbourne 

West  Australian  Institute  of  Architects  (Inc.).    Perth 

Cape  Institute  of  Architects.    Cape  Town,  South  Africa 

Transvaal  Institute  of  Architects.    Johannesburg.    Transvaal,  South  Africa 

Natal  Institute  of  Architects.    Durban.    Natal,  South  Africa 

The  Architectural  Association.    London,  E.C. 

11.  Greece 

Hellenic  Polytechnical  Society.    Athens 

It.  Holland 

Society  for  the  Propagatbn  of  Architecture.    Amsterdam 
(jenootschap  Architectura  et  Amidtia.    Amsterdam 
Bouwhunst  en  Vriendschap.    Rotterdam 
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IS.  Hmigary 

Society  of  Engiiieers  and  of  Architects.    Budapest 
MaiOrar  Memok-es  Epites^Egylet.    Budapest 
Society  of  Private  Architects.    Budapest 

14.  Italy 

Sodeta  degli  Ingegnerie  e  degli  ArchitettL    Rome 

Associaaone  Artistica  fra  i  Cultori  di  Architettura.    Roae 

College  des  Ingenieurs  et  des  Architectes  de  G^nes.    Gteet 

Collegio  degli  Ingegneri  ed  Architetti  in  Palermo.    Palermo 

Collegio  Toscano  degli  Ingegneri  ed  Architetti  in  Flrenae.    Flofcace 

Societa  degli  Ingegneri  di  Bologna.     Bologna 

Collegio  degli  Ingegneri  ed  Architetti  di  Milano.    Milan 

Collegio  degli  Ingegneri  ed  Architetti  di  Torino.    Turin 

Collegio  degli  Ingegneri  ed  Architetti  di  Messina 

Collegio  degli  Ingegneri  ed  Architetti  Fugiie.    Ban 

Collegio  Veneto  degli  Ingegneri  Venezia.    Venlse 

15.  Japan 
Society  of  Architects.    Tokyo 

II.   Norway 

Sod£t6  des  Architectes  et  des  Ingenieurs.    Christiania 

17.  Portugal 

Real  Associo  dos  Arcfaitectos  Civis  e  Archeologos  Portugueses.    lisboQ 
Sodedad  dos  Architectos  Portugueses.    Lisbon 

18.Raagia 

Sod6t£  Imp6riale  des  Architectes  Russes.     Petrograd 
Soci6t6  des  Architectes  de  Moscow.     Moscow 
Stowarzysasenie  Technikow  Kolo  Architektow.    Varaovle 

19.  Spain 

Sodedad  Centrale  de  Arquitectos  de  Madrid.    Madrid 

Assodadon  des  Architectes  de  Cataluna.    Bajos 

Assodadon  des  Architectes  de  Vizcaya.    Bilboa 

Assodadon  des  Architectes  de  Navarra.    Pamplona 

Assodadon  de  Arquitectos  de  Valencia.    Valencia 

Assodadon  de  Arquitectos  de  Galicia.    Santiago  (Coruna) 

Assodadon  de  Arquitectos  de  Guipuzcoa.    San  Sebastian 

Agrupadon  Regional  Central  de  Arquitectos  de  Castilla  la  Nueva.    Madrid 

Agrupadon  Regional  de  Arquitectos  de  Castilla  la  Vieja.    Zamora 

Agrupadon  Regional  de  Arquitectos  dc  Norte.     Bilboa 

Agrupadon  Regional  de  Arquitectos  de  Catalana-Balear.    Bajos 

Agrupadon  Regional  de  Arquitectos  de  Andaluda*     Cadix 

Agrupacion  Regional  de  Arquitectos  de  Galida.    Santiago  (Coruna) 

Agrupadon  Regional  de  Arquitectos  de  Cantabrico-Leonesa.    Santander 

Agrupadon  Regional  de  .\rquitectos  de  Aragon.    Teruel 

Agrupadon  Regional  de  Arquitectos  de  Levante.     Valenda 

Agrupadon  Regional  de  Arquitectos  de  Canarias.    Canaries 

Agrupadon  Regional  de  Arquitectos  de  Ocddente.     Cmcxftt 
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M.  SwedMi 

Soci£t£  des  Architectes  et  Ingenieurs.    Stockholm 
Svenska  Teknolosforenique.    Stockholm 

tL  Switzerland 

Schdzerischer  Ingenieur  imd  Architekten  Verein.    B&le 

ZZ,  Venezuela 

Sodedad  de  Arquitectura  y  Constnicdoa  du  Venezuela.    Caracas 

LIST  OF   VALUABLE   BOOKS   FOB   ABCHITBCTSp 
DBAUGHTSMEX   AND   BUILDEBS* 

Architecture 

Architect,  Owner  and  Builder  Before  the  Law.*  By  T.  M.  Clark. .  $3.00  net 
Architectural  Reference  Library.'    Thia  consists  of  numerous  books 

which  may  be  obtained  in  pamphlet-form  or  in  five  bound  vol- 

umes,  at  $4  per  volume. 
Handbook  of  Architectural  Styles."    By  A.  Rosengarten. 

Discussion  of  Composition.'    By  J.  V.  Van  Pelt a.oo  net 

Cyclopedia  of  Architecture,  Carpentry  and  Building.*    10  volumes . .     24.80 

Cyclopedia  of  Carpentry  and  Contracting.*    4  volumes x9.8o 

Dictionary  of  Architecture  and  Building.*    By  Rusaell  Sturgis 18.00 

Encyclopedia  of  Architecture.^    By  Joseph  Gwilt.     1700  engraV' 

inga.    1443  pages 9.00  net 

A  Text-Book  of  the  History  of  Architecture.*    By  A.  D.  F.  Hamlin. 

aag  illustrations,  460  pages a.oo  net 

Essentials  of  Composition  as  Applied  to  Art.*    By  J.  V.  Van  Pelt. .       1.75  net 
Vignola.    American  edition.*    Prepared  for  Bates  &  Guild  Com- 
pany        5.00 

The  American  Vignola.'    Edited  by  William  R.  Ware,    a  volumes..      5.00 
A  Glossary  of  Terms  Used  in  Architecture.*    By  T.  Dhiham  Atkin- 

aoni  Architect 1.50 

Stepping-Stones  to  Architecture."    By  Thomas  Mitchell 50 

The  Orders.*    By  Frank  A.  Bourne,  Frank  Chouteau  Brown  and 

H.  V.  von  Hoist 3.00 

Portfolio  of  Plates  of  The  Orders.*    57  plates  of  the  Roman  and 

Greek  Orders 3.00 

*  The  editor  has  carefully  examined  nearly  all  of  the  books  named  below  aad  fan 
recommend  them  as  containing  useful  information  on  the  subjects  under  which  they  are 
listed.  Name  and  address  of  publisher  are  given  below.  The  numbers  identify  the  pub- 
lishers in  the  case  of  every  book.    Other  reference-numbers  are  on  the  pages  following. 

Pttbllshers.    *  Longmans,  Green,  &  Company,  New  York  City.    *  William  T.  Comstock 

Company.  New  York  Qty.    *  The  American  Architect,  New  York  City.    *  Bates  &  Qufld 

Company,  Boston.    •  The  Macmillan  Company,  New  York  City.    •  John  Wiley  k  Sons, 

Inc.,  New  York  Qty.    'International  Textbook   Company,  Scranton,  Pa.    *Ameri* 

'  can  School  of  Correspondence,  Chicago.    •  David  WiUiamt  Company,  New  York  City. 

V  Rogers  and  Manson  Company,  Boston,  uj^fyion  C.  Clark  Publishing  Company, 
Chicago.  » Published  by  author,  u  McGraw-Hill  Book  Company.  Inc.,  New  York 
City.  "  D.  Van  Nostrand  Company,  New  York  City.  »  Standard  Sam'taiy  Manufac- 
turing Company,  Pittsburgh,  Pa.    1*  Franklin  Publishing  Company,  Cohimbtts,  Ohio. 

V  PuUiahed  abroad. 
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Buflding-Constrttctioa,  Materials,  Superintendeace  and  Spedflcatfona 

Advanced  Building  Construction.* 4s  6d 

Building  Materials:    Their  Nature,  Properties  and  Manufacture* 

By  G.  A.  T.  Middleton %^joo 

Details  of  Building  Construction.^    By  Professor  Clarence  A.  Martin      2.00 

Safe  Building  Construction.*    By  L.  de  C.  Bergh sjoo  net 

Building  Construction  and  Drawing.^*    By  Charles  F.  Mitchell. 

Elementary  Course 1.50  net 

Advanced  Course 2.50  net 

Building  Superintendence.'    By  T.  M.  Clark 3.00  net 

Notes  on  Building  Construction:  ^ 

Part     I.  69s  illustrations 4.00 

Part   n.  49S  illustrations 4.00 

Part  III.  Materials-    188  illustrations 7.00 

Part  IV.  Calculations  for  Building  Structures.   551  illustrations.      5.00 

Building  Construction.    By  Pite,  Markham  and  others.^    2  volumes. 

Part  1 4.00  net 

Part  II 4.00  net 

Building  Construction  and  Superintendence.'  By  F.  £.  Kidder. 
Part  I.    Masons'  Work,  rewritten  and  enlarged  by  Professor 

Thomas  Nolan ^ 6.00 

Part  II.    Carpenters'  Work,  rewritten  and  enlarged  by  Pro- 
fessor Thomas  Nolan 6.00 

.     Part  III.    Trussed  Roofs  and  Roof -Trusses 3.00 

Cements,  Limes  and  Plasters:  Their  Materials,  Manufacture  and 
Properties.*  By  Edwin  C.  Eckel.  746  pages,  165  figures,  254 
tables 6.00  net 

Corrosion  and  Preservation  of  Iron  and  Steel."    By  A.  S.  Cxishman. 

375  pages.    Illustrated 4.00  net 

Successful  Houses  and  How  to  Build  Them.*    By  Charles  E.  White, 

Jr 2.00 

Economic  Woods  of  the  United  States.*  By  Samuel  J.  Record. 
145  pages.    Numerous  illustrations. 

The  Design  of  Walls,  Bins  and  Grain  Elevators.**     By  Mik>  S. 

Ketchum.    SS^  pages,  45  tables,  304  illustrations 4.00  net 

Elements  of  Structures."    By  George  A.  Hool 1.75 

Elevator  Shaft  Construction.  Practical  Suggestions  for  the  Installa- 
tion of  Elevators  in  Buildings.*  By  H.  Robert  Cullmer  assbted 
by  Albert  Bauer ^ 3.00 

The  HoUow-Tile  House.*    By  Frederick  Squires 2.50 

How  to  Frame  a  House.*    By  Owen  B.  Maginnis 1.50 

Locks  and  Builders'  Hardware.*    By  Henry  R.  Towne.    H17  pages. 

Profusely  illustrated 3.00  net 

A  Treatise  on  Masonry  Construction.*    By  Ira  O.  Baker.    760  pages, 

244  illustrations 4.50  net 

Theory   of   Structures."    By   Charles   M.   SpoffonL    432   pages. 

Slustiated 4x10  net 

Concrete,  Plain  and  Reinforeed 

Cement  and  Concrete."    By  Louis  Carlton  Sabin.    584  pages,  161 

tables.    Illustrated 5.00  net 

The  Modem  Manufacture  of  Portland  Cement."    By  Percy  C.  H. 

West.    280  pages,  159  illustrations 4.00  net 
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Cement  Houses  and  Garages.* $1.50 

A  Treatise  on  Concrete.  Plain  and  Reinforced.*    By  F.  W.  Taylor 

and  S.  E.  Thompson.    862  pwiges,  249  figures 5.00 

Concrete  Construction  Methods  and  Cost."    By  H.  P.  Gillette  and 

C.  S.  Hill.    700  pages,  305  figures 5.00  net 

Concrete  Costs.*    By  Frederick  W.  Taylor  and  Sanford  E.  Thomp- 
son.   731  pages,  82  figures 5.00  net 

Concrete  Blocks:    Their  Manufacture  and  Use  in  Building  Con- 
struction."   By  H.  H.  Rice  and  William  M.  Torrance 1.50  net 

Reinforced  Concrete."    By  Bud  and  Hill 5.00  net 

Concise  Treatise  on  Reinforced  Concrete.^*    By  C.  F.  Marsh 2.50  net 

Reinforced    Concrete    Construction."    Volume    I.    Fundamental 

Principles.    By  George  A.  Hool 2.50 

Reinforced  Concrete  Construcrion."    Volume  II.    Retaining  Wails 

and  Buildings.    By  George  A.  Hoed 5X)0 

Principles  of  Reinforced  Concrete  Construction.*     By  F,  E.  Tur- 

neaure  and  E.  R.  Maurer.    439  pages,  164  figures 3.25  net 

Reinforced   Concrete   Buildings."    By   Ernest   L.    Ransome   and 

Alexb  Saurbrey     2,50 

Reinforced  Concrete."    By  P.  Brooks.    230  pages 2,00 

Reinforced  Concrete."    By  A.   Considfcre.    Translated  from   the 
French,  with  additions  by  Leon  S.  Moisseiff.    242  pages,  32 

figmres 2.00  net 

Steel  and  Reinforced  Concrete  in  Buildings.*    By  Edward  Godfrey.       2.00 
Concrete:  Structural  Engineering.^    By  Edward  Godfrey 2.50 

Drawing 

Architectural  Shades  and  Shadows.*    By  Henry  McGoodwin 3.00 

Architectural   Drawing   and   Lettering."    By   Frank   A.    Bourne, 

Frank  Chouteau  Brown  and  H.  V.  von  Hoist 1.50 

Freehand  and  Perspective  Drawing.*    By  Herbert  E.  Everett  and 

Wm.  H.  Lawrence 1.0P 

Architectural  Perspective,  with  Hints  on  Pen-and-ink  Drawing.' 

By  F.  O.  Ferguson 1.50  net 

Architectural  Sketching  and  Drawing  in  Perspective.*    By  H.  W. 

Roberts 3.00  net 

Architectural  Drawing.*    By  C.  Franklin  Edminster 2.00 

A  Primer  of  Architectural  Drawing   for  Young   Students.*    By 

Wm.  S.B.Dana 1.25  net 

Essentials  of  Lettering.    By  French  and  Meiklejohn" 1.00 

Modem  Lettering,  Artistic  and  Practical.*    By  William  Heyny 2.00 

Letters  and  Lettering.*    By  F.  C.  Brown 2.00 

Pen  Drawing.*    By  Charles  D.  Maginnis 1.00 

Architectural  Perspective  for  Beginners.*    By  F.  A.  Wright 3.00 

Perspective."    By  Benjamin  J.  Lubschez 1.50  net . 

Structural  Drawing.*    By  C.  Franklin  Edminster 2.50 

Electric  Work 

American  Hand-book  for  Electrical  Engineers.*    By  Harold  Pender. 

2041  pages,  illustrated 5.00  net 

American  Electricians'  Handbook.^^    By  Terrell  Croft.    7x1  pages, 

900  illustrations 3>oo  net 

Electrical  Engineers'  Pocket-Book."    By  H.  A.  Foster ^  5-oo 
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Bstimatiiig 

New    Building    Estimator.*    1914    Ed.    By    Wm.    Arthur.     744 

pages $3.00 

Cost  Data,  Handbook  of .»    By  H.  P.  Gillette 5.00  net 

Estimator's  Price  Book.'    19 14  Ed-    By  I.  P.  Hicks 1.00 

Contractors^  and  Builders'  Handbook.*    By  William  Arthur. ......  2.00 

Foundations 

A  Traatsse  on  Masonry  Construction.*     By  Ira  O.  Baker.      760 

pages,  244  illustrations 4.50  net 

A  Practical  Treatise  on  Foundations.*    By  the  late  W.  M.  Patton. 

577  pages,  13s  figures 4-5o  net 

Building  CooBtniction  and  Superintendence.*  Part  I.  Masons' 
Work.  By  F.  E.  Kidder.  Rewritten  by  Professor  Thomas 
Nolan 6.00 

Masonry.*    By  Malverd   A.   Howe.    1915   Ed.    160   pages,    1x5 

figures 1.50  net 

Handbooks  and  Pocket-Books 

The  Architects'  and  Builders'  Pocket-Book.«  By  F.  E.  Kidder. 
Thomas  Nolan,  Editor-in-chief.  1800  pages,  numerous  illus- 
trations        Sxx>  net 

The   Mechanical    Engineers'    Pocket-Book.*    By   William   Kent. 

1472  pages,  illustrated 5.00  net 

The  American  Civil  Engineers'  Po^et-Book.*  By  Mansfield 
Merriman,  Editor-in-chief.  1483  pages»  1200  figures,  500 
tables 5.00  net 

The  Building  Trades  Pocket-Book.'  By  The  International  Text- 
book Company.    372  pages,  188  illustrations 1.35 

CivO  Engineers'  Pocket-Book.»*    By  Albert  I.  Frye.     161 1  pages, 

numerous  illustrations 5.00 

Civil  Engineers'  Pocket-Book.»  By  John  C.  Trautwine,  revised 
by  John  C.  Trautwine,  Jr.  and  John  C.  Trautwine,  3d.  1257 
pages,  numerous  illustrations.    Published  by  the  authors 5.00 

Contractors'  and  Builders'  Handbook.*    By  William  Arthur 2.00 

Handbook  of  Cost  Data."    By  H.  P.  Gillette.     1900.     1854  pages.       5.00  net 

American  Hand-book  for  Electrical  Engineers.*     By  Harold  Pender      5.00  net 

Electrical  Engineer's  Pocket-Book."     By  H.  A.  Foster S-oo 

American  Electricians'  Handbook."    By  Terrell  CrofL    711  pages, 

900  illustrations 3.00  net 

A  Handbook  for  Superintendents  of  Construction,  Architects, 
Builders  and  Building  Inspectors.*  By  H.  G.  Richey.  747 
pages 4-00  net 

•Handbook  for  Heating  and  Ventilating  Engineers."    By  James  D. 

Hoffman 3-So  net 

Ballinger  and  Perrot,  Inspector's  Handbook  of  Reinforced  Concrete." 

By  Walter  L.  Ballinger  and  Emile  G.  Perrot 1.00 

Inspection  of  the  Materials  and  Workmanship  Employed  in  Con- 
struction.*   By  Austin  T.  Byrne.    625  pages a.75  net 

Plumbers'  and  Fltter«^  Handbook.'    375  pages,  148  Olustrations i.«5 

Plumbers',  Steam-Fitters'  and  Tinners'  Hand-Book.*    By.  H.  G. 

Richey.    539  pages*  201  figuns 1.50  net 
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Structural   Engineers  Handbook.^*    By   Milo   S.   Ketchum.    900 

iwgesy  400  illustrations,  260  tables $$xx>  net 

Carnegie  Steel  Company's  Pocket  Companion.     19x3.    Published 

by  the  Carnegie  Steel  Company,  Pittsburgh,  Pa 2.00 

Cambria  Steel.    A  Handbook  published  by  the  Cambria  Steel 

Company,  Johnstown,  Pa 2X» 

List  of  Steel  Shapes.  Published  by  Jones  &  Laughlln  Steel  Com- 
pany, Pittsburgh,  Pa * 

Catalogue  of   Bethlehem   Structural   Shapes.    Published   by   the 

Bethlehem  Steel  Company,  South  Bethlehem,  Pa * 

Book  of  Standards.    Edited  by  Rcid  T.  Stewart,  and  published 

by  the  National  Tube  Company,  Pittsbuigh,  Pa 1.00 

The  Building  Trades  Pocket-Book.' 1.50 

Garage  Conatruction 

Cement  Houses  and  Garages.* 1.50 

Garages.'    By  William  P.  Comstock 1.00 

Fire-Protection 
The  Fireproo6ng  of  Steel  Buildings.*    By  J.  K«  Freitag.    325  pages, 

137  figures 2.50  net 

Fire  Prevention  and  Fire  Protection  Applied  to  Building  Construc- 
tion.*   By  J.  K.  Freitag.    1046  pageSk  395  figures 4.00  net 

Heating  and  Ventilation 

Cyclopedia  of  Heating,  Plumbing  and  Sanitation."    4  vols 12.80 

Elements  of  Heating  and  Ventilation.    By  Arthur  M.   Greene. 

324  pages,  223  figures 2.50  net 

Furnace  Heating.*    1914  Ed.    By  W.  G.  Snow 2.00 

Heating  and  Ventilating  of  Buildings.*    By  Rolla  C.  Carpenter. 

Sth  Edition.    578  pages,  277  figures 3.50  net 

Heating  Engineers'  Handbook.'    368  pages,  230  illustrations 1.25 

Principles  of  Heating.*    By  W.  G.  Snow 2.00 

Steam  Heating  for  Buildings.*    By  Wm.  J.  Baldwin.    432  pages, 

14X  figures^  15  plates. 2.50  net 

Steam  Power-Plant  Piping  Systems,  Design,  Installation  and  Oper- 
ation."   By  William  L.  Morris.    490  pages,  389  illustrations . . .  s-oo  net 
Steam  Power  Plants,  Their  Design  and  Construction."    By  Henry  C. 

Meyer,  Jr 2.00  net 

Ventilation  of  Buildings.**    By  W.  G.  Snow  and  Thomas  Nolan 50 

Iron  and  Steel  Construction,  Mechanics  of  Materials,  Etc. 
Architectural    Engineering.*    By    Joseph    Kendall    Freitag.    421 

pages,  196  figures 3.00  net 

Architectural  Iron  and  Steel.*    By  William  H.  Birkmire.    21  s  pages.      3.00  net 
Compound  Riveted  Gurders.*    By  William  H.  Birkmire.     129  pages, 

51  figures a.00  net 

Designing  and  Detailing  of  Simple  Steel  Structures."    Clyde  T. 

Morris 2.2s 

Franied  Structures  and  Girders.    Stresses."    By  Edgar  Marburg. 

500  pages,  illustrated « 4.00 

Strength  of  Materials."    James  E.  Boyd 2,50 
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Mechanics  of  Materials.     By  Mansfield   Merriman.     534  pages^ 

250  figures $4joo  net 

The  Mechanics  of   Building   Construction.^    By   Heniy  Adams. 

350  pages,  590  diagrams 2.00  net 

Theory  of  Structures."    By  Charles  M.  Spofford.     432  pages,  ill. .  4.00 

Mechanics  for  Builders.*    Bates  and  Charlesworth.    Part  II z.00  net 

Skeleton  Construction  in  Buildings.*    By  William  H.  Birkmire. 

351  pageSk  ZX4  figures 2.75  net 

Strength  of  Beams.*    By  F.  E.  Kidder 2.00 

Painting 

The  Analysis  of  Paints  and  Painting  Materials."    By  Henry  A. 

Gardner  and  John  A.  Schaeffer 1.50  net 

House  Painting,  GUzing,  Paper-Hanging  and  White-washing.*    By 

Alvah  H.  Sabin.    121  pages 1.00  net 

The  Industrial  and  Artistic  Technology  of  Paints  and  Varnish.'    By 

Alvah  H.  Sabin.    378  pages 3.00  net 

Paint  Technology  and  Tests."    By  Henry  A.  Gardner 3.00 

Faints  for  Steel  Structures.*    By  Houston  Lowe.     115  pages i. 00  net 

Rustless  Coatings.    Corrosion  and  £Uectrol3rsis  of  Iron  and  Steel.* 

By  the  late  M.  P.  Wood.    442  pagesy  85  figures 4.00  net 

Varnish-Making  (German  Process).*    By  Max  Bottler.    Authorized 

translation  to  which  is  added  American  practice,  by  Alvah  H. 

Sabin.    370  pages,  55  figures 3.50  net 

Planning  of  Churches 
Churches  and  Chapels.*    By  F.  E.  Kidder,  Architect 3.00 

Planning  of  Office-BoUdinga 

The   Planning   and  'Construction  of  High   Office-Buildings.     By 

William  H.  Birkmire.*    361  pages 3.00  net 

Planning  of  School-Biiildings 

American  School  Building  Stendards."    By  Wilbur  T.  Mills.     225 

pages,  illustrated S.00 

Modem  American  School  Buildings.*    By  Warren  R.  Briggs.    432 

pages,  89  plates 3-SO  net 

Modem  School  Houses.*    By  A.  D.  F.  Hamlin  and  C.  B.  J.  Snyder ...  7.50  net 

School  Architecture.^*    By  Edmund  M.  Wheelwright 5.00 

Plumbing  and  Sanitary  Engineering 

Hot-Water  Heating  and  Fitting."    By  WiUiam  J.  Baldwin.    3*0 

pages,  209  illustrations 4.00 

Plumbers',   Steam-Fitters'  and  Tinners'  Handbook.*    By  H.   G. 

Richey.    529  pages,  201  figures 1.50  net 

Prindples  and  Practice  of  Plumbmg."    By  J.  J.  Cosgrove 400 

Plumbers'  and  Fitters'  Hand-Book.^    37s  pa«eSi  148  illustrations. .  1.25 

Modem  Plumbing.    Illustrated.*    By  Starbuck 4.00 

Sanitary  Engineering  of  Buildings.*    By  Wm.  Paul  Gerhard s-oo 

Water  Supply,  Sewerage  and  Plumbing  of  Modem  City  Buildings.* 

By  W.  P.  Gerhard.    491  pages,  214  figures  and  25  diagrams. . .  4.00  net 

Cydopedia  of  Heating,  Plumbing  and  Saoitatioa.*    4  vols. 12.80 
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Roof-Trusses 
The  Design  of  Simple  Roof-Trusaes  in  Wood  and  Steel.*    By  Pro- 
fessor Malverd  A.  Howe.    187  pages,  90  figures $1.80  net 

Tables  of  Stresses  in  Roof  Trusses."    By  H.  C.  Heame.    235  pages.       4.00 
Text-Book,  on  Roofs  and  Bridges.*    By  Mansfield  Merriman  and 

Henry  S.  Jacoby.    4  volumes 9.00  net 

Trussed  Roofs  and  Roof-Trusses.*    By  F.  E.  Kidder 3.00 

Graphics  for  £agineers»  Architects  and  Builders.*  Roof-Trusses, 
Diagrams  for  Steady  Load,  Snow  and  Wind.  By  the  late 
Charles  £.  Greene.    88  pages 1.35  net 

Steel  MiU-Bitildi&gs 
The  Design  of  Steel  Mill-Buildings."     By  Milo  S.  Ketchum.    480 

pages,  50  tables  and  240  illustrations 4.00 

Stoaes  for  BaUding  and  Decoration 

Building  Stones  and  Clasrs.*    By  Edwin  C.  Eckel.    378  pages,  37 

figures 3.00  net 

Engineering  Geology.*    By  H.  Ries  and  T.  L.  Watson.    672  pages, 

225  figures,  104  plates 4.00  net 

Stones  for  Building  and  Decoration.*    By  Geo.  P.  Merrill.   567  pages, 

32  plates,  24  figures 4.50  net 

Much  practical  information  on  building-stones  is  contained  in  Build- 
ing Construction  and  Superintendence,*  Part  I,  Masons'  Work. 
By  F.  E.  Kidder  and  Thomas  Nolan 6.00 

niumination 

The  Art  of  Illumination."    By  Louis  Bell.    339  pages,  127  illustrar 

tions 2.50 

Electric-Light  Wiring."  By  C.  £.  Knox.  225  pages,  i;9  illustra- 
tions         2.00 

Practical  Illumination."    By  J.  R.  Cravath  and  V.  R.  Lansingh. 

364  pages,  380  illustrations 3.00 

Radiation,  Light  and  Illumination."    By  Steinmetz 3.00 

Waterproofing 

Modem  Methods  of  Waterproofing."    By  Myron  H.  Lewis 50 

Hospital  Construction 
Modem  Hospitals.*    By  C.  R.  Holmes 5.00 

Graphic  Statics 

See  also  under  Roof-TrusMs 
Graphics  for  Engineers,  Architects  and  Builders.*    By  the  late  Pro- 
fessor Charles  £.  Greene. 
Part  I.    Roof-Trusses.    Diagrams  for  Steady  Load,  Snow  and 

Wmd.    88  pages 1.25  net 

A  Text-Book  on  Graphic  Statics."    By  Charles  W.  Malcohn.    330 

pages,  iss  drawings 3.00  net 

MisceUaneotts 

Care  of  a  House.^    By  T.  M.  Clark 1.50  net 

Furniture  Designing  and  Draughting.*    By  Alvan  Crocker  Nye 2.00 

Mechanical  Properties  of  Wood.*    By   S.   J.   Record.    165   pages, 

51  figures,  22  tables .,      i,ft  ne 
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AMEEICAN  PERIODICALS  DEVOTED  TO  THE  INTEREST 
OF  ARCHITECTURE  AND  BUILDING 

American  Architect,  The.  Weekly.  Subscription-price,  $io.  Sngie  copies, 
35  cts.  Publishers,  The  American  Architect,  Inc.,  50  Union  Square,  New  York 
City. 

American  Carpenter  and  Builder.  Established  1905.  Moifthly.  Subscrip- 
tion-price, $2.  Single  copies,  20  cts.  Publishers,  American  Carpenter  and 
Builder  Company,  1827  Prairie  Avenue,  Chicago,  lU. 

American   Contractor,  The.    Weekly.    Subscription-price,  $5.    Publisher$, 
American  Contractor  Publishing  Company,  x8o  North  Dearborn  Street,  Chicago, 
.  111. 

American  Homes  and  Gardens.  Formerly  the  Scientific  American  BuildiDg 
Monthly.  Monthly.  SubscriptioQ-price,  $3.  Single  copies,  25  cts.  Pub- 
lishers, Munn  &  Company,  361  Broadway,  New  York  City. 

Architecture  and  Building.  Formerly  the  Architects'  and  Builders'  Maga- 
zine.  Established  x88a.  Monthly.  Subscription>price,  $2;  Canada,  $2.50; 
foreign,  $3.  Single  copies,  20  cts.  Publishers,  The  William  T.  Comstock 
Company,  23  Warren  Street,  New  York  City. 

Axchitecture.  Established  1899.  Monthly.  Subscription>prioe,  $5.  Singk 
copies,  50  cts.  Publishers,  Forbes  &  Company,  Ltd.,  527  Fifth  Avenue,  New 
York  City. 

Architect  and  Engineer  of  California,  The.  Established  in  1905.  Monthly 
Subscription-price.  $1.50.  Single  copies,  25  cts.  Publishers,  E.  M.  C.  Whitney. 
621-623  Monadnock  Building,  San  Frandsco,  Cal. 

Architectural  Record,  The.  Founded  1891.  Monthly.  $3.  Single  copies, 
35  cts.  Publishers,  The  Architectural  Record  Company,  115  West  40th  Street, 
New  York  City. 

Architectural  Review,  The.  Established  1887.  Monthly.  Subscription- 
price,  $5.  Single  copies^  50  cts.  Publishers,  Bates  &  Guild  Company,  144 
Congress  Street,  Boston,  Mass. 

Brickbuilder,  The.  Established  January,  1892.  Monthly.  Subscriptiuo- 
price,  $5.  Single  copies,  50  cts.  Publishers,  Rogers  &  Manson  Company,  iis 
Water  Street,  Boston,  Mass. 

Bungalow  Magazme.  Monthly.  Subscription-price,  $2.  Single  copies 
20  cts.  Publishers,  Bungalow  Publishing  Company,  Inc.,  Leary  Buildini:, 
Seattle,  Wash. 

Builders*  Gazette,  The.  Weekly.  Subscription-price,  $5.  Publisher, 
Thos.  F.  Hodges,  331  Fourth  Avenue,  Pittsburgh,  Pa. 

Builders'  Guide.  Weekly.  Subscription-price,  %$;  foreign,  $5.50.  Sioj^le 
copies,  15  cts.  Publishers,  Building  News  Publishing  Company,  Inc.,  Perr>' 
Building,  Philadelphia,  Pa. 

Building  Management.  Monthly.  Subscription-price,  $2.  Single  copies. 
3o  cts.  Publishers,  Patterson  PubUshing  Company,  City  Hall  Square  Build- 
ing, Chicago,  111. 

Building  Age.  Formerly  Carpentry  and  Building.  Monthly.  Subscrip- 
tion-price, $2.  Single  copies,  20  cts.  Publishers,  David  Williams  Company, 
339  West  39th  Street,  New  York  City. 

Cement  World,  The.  Monthly.  Subscription-price,  $1;  Canada,  $2; 
foreign,  $2.  Single  copies,  15  cts.  Publishers,  Cement  World  Company,  1S27 
Prairie  Avenue,  Chicago,  111. 

Concrete  Age.    MontlUy.    Subscription-price,  $z;   Canada*  lx.50;   loreign. 
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$9.  Single  copies,  lo  cts.  Publishers,  The  Eqidtable  PubUahing  Company, 
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GLOSSARY  * 

Technical  Termt,  Andent  and  Modem,  Used  by  Architects,  Builders, 
and  Draughtsmen 

Aaron's-Rod.  An  ornamental  figure  representing  a  rod  with  a  serpent  twined 
ibout  it.  It  b  sometimes  confounded  with  the  caduceus  of  Mercury.  The 
distinction  between  the  caduceus  and  the  Aaron's-rod  is  that  the  former  has  two 
serpents  twined  in  opposite  directions,  while  the  latter  has  but  one. 

Abacus.  The  upper  member  of  the  capital  of  a  colunm.  It  is  sometimes 
>quarc  and  somtimes  curved,  forming  on  the  plan 
segments  of  a  circle  called  the  arch  of  the  abacus,  and 
is  commonly  decorated  with  a  rose  or  other  ornament  { 
;n  the  center,  having  the  angles,  called  horns  of  the 
ibacus,  cut  off  in  the  direction  of  the  radius  or  curve. 
In  the  Tuscan  or  Doric,  it  is  a  square  tablet;  in 
the  Ionic,  the  edges  are  molded;  in  the  Corinthian, 
ts  sides  are  concave  and  frequently  enriched  with 
zarving.  In  Gothic  pillars  it  has  a  great  variety  of 
Forms. 

.^^  .•  *       .1.       1.       L        J     *u       u    -iJ  CORINTHIAN  DORIC 

Abbey.     A  term  for  the  church  and  other  build-  abacus 

ings  used  by  conventual  bodies  presided  over  by  an 

ibbot  or  abbess,  in  contradistinction  to  cathedral,  which  is  presided  over  by  a 
bishop;  and  priory,  the  head  of  which  was  a  prior  or  prioress. 

Abutment.    That  part  of  a  pier  from  which  the  arch  springs. 

Abuttals.    The  boundings  of  a  piece  of  land  on  other  land,  street,  river,  etc. 

Acanthus.    A  plant  found  in  the  south  of  Europe,  representations  of  whose 
leaves  are  employed  for  decorating  the  Corinthian  and 
Composite  caintals.    The  leaves  of  the  acanthus  are 
used  on  the  bell  of  the  capitol,  and  distinguish  the       C 
two  rich  orders  from  the  three  others. 

Acroteria.  The  small  pedestals  placed  on  the  ^ 
extremities  and  apex  of  a  pediment.  They  are  usu-  ^ 
ally  without  bases  or  plinths,  and  were  originally  ^ 
intended  to  receive  statues.  acanthus 

Aile,  Aisle.  The  wings;  inward  side  porticos  of  a  church;  the  inward  lateral 
corridors  which  enclose  the  choir,  the  presbytery,  and  the  body  of  the  church 
along  its  sides.  Any  one  of  the  passages  in  a  church  or  hall  into  which  the  pews 
or  seats  open. 

AlcoW.  The  original  and  strict  meaning  of  this  word,  which  is  derived  from 
the  Spanish  alcoba,  is  confined  to  that  part  of  a  bed-chamber  in  which  the  bed 
sUnds,  Separated  from  the  other  parts  of  the  room  by  columns  or  pilasters.  It 
is  now  cl)mmonly  used  to  express  any  large  recess  in  a  room,  generally  separated 
by  an  aj-ch. 

Alipt^ion.  In  ancient  Roman  architecture,  a  room  used  by  bathers  for 
anointin  g  themselves. 

•  Thii  Glossary  was  compiled  by  Mr.  Kidder  from  various  sources,  and  with  the 
cxcepUonlof  some  changes  in  typographical  details  to  make  it  conform  generally  to  the 
matter  in  "the  rest  of  the  book  it  is  left  as  published  in  the  preceding  ediUons. 
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Almonry.    The  place  or  chamber  where  alms  were  distributed  to  tht  pr*.- 
churches,  or  other  ecclesiastical  buildings.    At  Bishopstone  Cburcfa,  ^"ii:  -  : 
England,  it  is  a  sort  of  covered  porch  attached  to  the  south  transept,  h:  - 
communicating  with  the  interior  of  the  church.     At  Worcester  Catbednl.  L 
land,  the  alms  are  said  to  have  been  distributed  on  stooe  tables^  oo  cat.b  . 
within  the  great  porch.     In  large  monastic  establishments,  as  at  Wescn. 
it  seems  to  have  been  a  separate  building  of  some  importance,  cither  joinf- :  • 
gate-house  or  near  it,  that  the  establishment  might  be  disturbed  a»  In- 
possible. 

Altar.    In  ancient  Roman  architecture,  a  place  on  which  offerings  *x 
fices  were  made  to  the  gods.    In  Protestant  churches,  the  cotntminion  t^^ 
often  designated  as  the  Altar,  and  in  Roman  Catholic  churches  it  Ls  4  x,- 
table  placed  at  the  east  end  of  the  church  for  the  celebration  of  mass. 

Altar  of  Incense.    A  small  table  covered  with  plates  of  gold  oo  wh:<.b  r 
placed  the  smoking  censer  in  the  temple  at  Jerusalem. 

Altar-piece.  The  entire  decorations  of  an  altar;  a  painting  placed  beH- 
altar. 

Altar-screen.  The  back  of  the  altar  from  which  the  canopy  was  su.^*. 
and  separating  the  choir  from  the  lady  chapel  and  presbytery-  The  .\Jur- . 
was  generally  of  stone,  and  composed  of  the  richest  tabernacle  work  of  - ; 
finials,  and  pedestals,  supporting  statues  of  the  tutelary  saints. 

Alto«rilievo.  High  relief.  A  sculpture,  the  figures  of  which  project  fr  -: 
surface  on  which  they  are  carved. 

Ambo.    A  raised  platform,  a  pulpit,  a  reading-desk,  a  marble  pulpit 
oblong  enclosure  in  ancient  churches,  resembling  in  its  uses  and  positioo. 
modem  choir. 

Ambry.  A  cupboard  or  closet,  frequcnt/y  found  near  the  altar  in  ^- 
churches  to  hold  sacred  utensils. 

Ambulatory.    An  alley  —  a  gallery  —  a  cloister. , 

Afflifthiproftylot.  A  Grecian  temple  which  has  a  cvlumned  portico  oq  :• 
ends. 

Ampliitheater.    A  double  theater,  of  an  elliptical  foni} 
exhibition  of  the  andent  gladiatorial  fights  and  other  shows. 
which  those  exhibitions  took  place,  was  encompassed  with 
each  other,  and  the  exterior  had  the  accommodation  of 
the  public. 

Amphora.    A  Grecian  vase  with  two  handles,  often  seen  on  m< 

Ancones.    The  consoles  or  ornaments  cut  on  the  key-stones  of  sl.^^  ^ 
the  sides  of  door-cases.    They  are  sometimes  made  use  of  to  sur>por^  ^• 
other  figures. 

Angle-bar.    In  joinery,  an  upright  bar  at  the  angles  of  polygonal 
a  muUion. 

Angle-capital.  In  Greek  architecture,  those  Ionic  capitals  placed  on  _ 
columns  of  a  portico,  whif  h  have  one  of  their  volutes  placed  horizontaJj' 
angle  of  a  hundred  and  thirty-five  degrees  with  the  plane  of  the  friesEe. 

Annnlated  Columns.    Columns  clustered  together  by  rings  or  band 
used  in  English  architecture. 

Annular  Vault.    A  vault  rising  from  two  poralld  walls — the  va^ 
corridor.    Snot  as  Barrd  Va§iU. 


.t|- 

alii  • 


yGoOgl 


e 


^ 


Glossary  1715 

Annulet.    A  small  square  molding  used  to  separate  others.    The  fillet  which 
separates  the  flutings  of  columns  is  sometimes  known 
by  this  term. 

Anttt  Ant0.  A  name  given  to  a  pilaster  when 
attached  to  a  wall.  Vitruviua  calls  pilasters  par- 
astata  when  insulated.    They  are  not  usually  di-  r 

rainished,  and  in  all  Greek  examples  their  capitals  are  ANNULET 

different  from  those  of  the  columns  they  accompany. 

Antechamber.  An  apartment  preceded  by  a  vestibule  and  from  which  is 
approached  another  room. 

Antechapel.  A  small  chapel  forming  the  entrance  to  another.  There  are 
examples  at  Merton  College,  Oxford,  and  at  King's  College,  Cambridge,  England, 
besides  several  others.  The  antechapel  to  the  lady-chapel  in  cathedrals  is 
generally  called  the  Presbytery. 

Antechoir.  The  part  under  the  rood  loft,  between  the  doors  of  the  choir 
and  the  outer  entrance  of  the  screen,  forming  a  sort  of  lobby.  It  is  also  called 
the  Fore-choir. 

Anteflxa.  In  classical  architecture  (gargoyles,  in  Gothic  architecture),  the 
ornaments  of  lions'  and  other  heads  below  the  eaves  of  a 
temple,  through  channels  in  which,  usually  by  the  mouth,  the 
water  is  carried  from  the  eaves.  By  some  this  term  is  ap- 
plied to  the  upright  ornaments  above  the  eaves  in  ancient 
architecture,  which  hid  the  ends  of  the  Harmi  or  joint  tiles.         antefixa 

Apophyge.  The  lowest  part  of  the  shaft  of  an  Ionic  or  Corinthian  column, 
or  the  highest  member  of  its  base  if  the  colimin  be  considered  as  a  whole.  The 
Apophyge  is  the  inverted  cavetto  or  concave  sweep,  on  the  upper  edge  of  which 
the  diminishing  shaft  rests. 

Apron.  A  plain  or  molded  piece  of  finish  below  the  stool  of  a  window,  put 
on  to  cover  the  rough  edge  of  the  plastering. 

Apse.     The  semicircular  or  polygonal  termination  to  the  chancel  of  a  church. 

Apteral.    A  temple  without  columns  on  the  flanks  or  sides. 

Aqueduct.  An  artificial  canal  for  the  conveyance  of  water,  either  above  or 
under  ground.    The  Roman  aqueducts  are  mostly  of  the  former  construction. 

Arabesque.    A  building  after  the  manner  of  the  .\rabs.     Ornaments  used  by 
the  same  people,  in  whjch  no  human  or  animal  figures  appear. 
Arabesque  is  sometimes  improperly  used  to  denote  a  species  of  or-   ^ 
naments  composed  of  capricious  fantastics  and  imaginary  repre-    a 
sentations  of  animals  and  foliage  so  much  employed  by  the  Romans    *^ 
in  the  decorations  of  walls  and  ceilings.  ■ 

Arabian  Architecture.    A  style  of  architecture  the  rudiments  f^ 
of  which  appear  to  have  been  taken  from  surrounding  nations,  the    ^ 
Egyptians,  Syrians,  Chaldeans,  and  Persians.    The  best  preserved 
specimens  partake  chiefly  of  the  Graeco-Roman,  Byzantine,  and 
Egyptian.     It  is  supposed  that  they  constructed  many  of  their  finest 
buildings  from  the  ruins  of  ancient  cities.  * 

AraBOStyle.  That  style  of  building  in  which  the  columns  are  A 
distant  from  one  another  from  four  to  five  diameters.  Strictly  ^ 
speaking,  the  term  should  be  limited  to  intercolumniation  of  four  i 
diameters,  which  is  only  suited  to  the  Tuscan  order. 

Arasotyttylos.  That  style  of  building  in  which  four  columns  arabesque 
axe  used  in  the  space  of  eight  diameters  and  a  half;   the  central 
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intercolamniation  being  three  diameters  and  a  half,  and  the  others  on  each 
side  being  only  half  a  diameter,  by  which  arrangement  coupled  mhrnins  are 
introduced. 

Arboret.  Large  bronze  candelabra,  in  the  diape  of  a  tree,  placed  on  the  floor 
of  ancient  churches,  so  as  to  appear  growing  out  of  it.  • 

Arcade.  A  range  of  arches,  supported  either 
on  colunmsoron  piers,  and  detached  or  attached 
to  the  wall. 

Arch.  In  building,  a  mechanical  arrange- 
ment of  building  materials  arranged  in  the  form 
of  a  curve,  which  preserves  a  given  fonn  when 
resisting  pressiue,  and  enables  them,  supported 
by  piers  or  abutments,  to  carry  weights  and 
resist  pressure. 

Arch-buttrets.  Sometimes  caUed  a  flying 
buttress;  an  arch  springing  from  a  buttress  or  pier. 

Arcliitraye.  That  part  of  an  entablature  which  rests  upon  the  caiatal  of  a 
colunm,  and  is  beneath  the  frieze. 

Architrave  Cornice.  An  entablature  consisting  of  an  architrave  and  cor- 
nice, without  the  intervention  of  the  frieze,  sometimes  introduced  when  incon- 
venient to  give  the  entablature  the  usual  height. 

Architrave  of  a  Door.  The  finished  work  surrounding  the  aperture;  the 
upper  part  of  the  lintel  is  called  the  traverse;  and  the  sides,  the  jambs. 

Archives.    A  repository  or  closet  for  the  preservation  of  writmgs  or  record:^. 

Archivolt.  A  collection  of  members  forming  the  inner  contour  of  an  arch, 
or  a  band  or  frame  adorned  with  moldings  running  over  the  faces  or  the  arch- 
stones,  and  bearing  upon  the  imposts. 

Area.  The  superficial  contents  of  any  figure;  an  open  space  or  court  withia 
a  building;  also,  an  uncovered  space  surrounding  the  foundation  walls  to  gi\  e 
light  to  the  basement. 

Arena.  The  plain  space  in  the  middle  of  the  amphitheater  or  other  place  of 
public  resort. 

Arris.    The  meeting  of  two  surfaces  producing  an  angle. 

Arsenil.    A  public  storehouse  for  arms  and  ammunition. 

Artificer,  or  Artisan.  A  person  who  works  with  his  hands,  and  manufac- 
tures any  commodity  in  iron,  brass,  wood,  etc. 

Ashlar,  or -Ashler.  A  facing  made  of  squared  stones,  or  a  facing  made  of 
thin  slabs,  used  to  cover  walls  of  brick  or  rubble.  Coursed  ashlar  is  where  the 
stones  run  in  level  courses  all  around  the  building;  random  ashlar,  where  the 
stones  are  of  different  heights,  but  level  beds.  Common  freestones  of  small 
size,  as  they  come  from  the  quarry,  are  also  called  ashlar. 

Asphaltnm.  A  kind  of  bituminous  stone,  principally  found  in  the  province 
of  Neufchatel.  Mixed  with  stone,  it  forms  an  excellent  cement,  incorruptible 
by  air  and  impenetrable  by  water. 

Astragal.  A  small  semicircular  molding,  sometimes  plain  and  sometimes 
ornamented. 

•Asymptote.  A  straight  line  which  continually  approaches  to  a  curve  with- 
out touching  it. 
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AtlaMt,  or  Atlailtet.    Figures  or  half-figures  of  men,  used  instead  of  col^ 
limns  or  pilasters  to  support  an  entablature; 
called  also  Telamones.  C 

Atrium.    A  court  in  the  interior  division  of  ^ 
Roman  houses. 

Attached  Colttmnt.  Those  which  project 
three-fourths  of  their  diameter  from  the  wall. 

Attic.  A  low  story  above  an  entablature,  or 
above  a  cornice  which  limits  the  height  of  the 
main  part  of  an  elevation.  Although  the  term  is 
evidently  derived  from  the  Greek,  we  find  noth- 
ing exactly  answering  to  it  in  Greek  architec- 
ture; but  it  is  very  common  in  both  Roman  and 
Italian  practice.  What  are  otherwise  called 
tholobates  in  St.  Peter's  and  St.  Paul's  Cathe-  atlantes 

drals  are  frequently  termed  attics. 

Attic  Order.    A  term  used  to  denote  the  low  pilasters'  employed  in  the 
decoration  of  an  attic  story. 

f*   Attribtttet.    In  painting  and  sculpture,  symbols  given  to  figures  and  statues 
to  indicate  their  office  and  character. 

Attditory.    In  andent  churches,  that  part  of  the  church  where  the  people 
usually  stood  to  be  instructed  in  the  Gospel,  now  called  the  nave. 

Aula.    A  court  or  hall  in  ancient  Roman  houses. 

Ayiary.    A  large  apartment  for  breeding  birds. 

Axis.    The  spindle  or  center  of  any  rotative  motion.    In  a  sphere,  an  imag- 
inary line  through  the  center. 

Back-cl|oir.    A  place  behind  the  altar  in  the  principal  choir,  in  which  there 
is,  or  was,  a  small  altar  standing  back  to  back  with  the  former. 

Backing  of  a  Rafter  or  Rib.    The  forming  of  an  upper  or  outer  surface, 
that  it  may  range  with  the  edges  of  the  ribs  or  rafters  on  either  side. 

Backing  of  a  WaU.    The  rough  inner  face  of  a  wall;  earth  deposited  behind 
a  retaining  wall,  etc. 

Back  of  a  Window.    That  piece  of  wainscoting  which  is  between  the  bottom 
of  the  sash  frame  and  the  floor. 

Balcony.    A  projection  from  the  face  of  a  wall,  supported  by  columns  or  con- 
soles, and  usually  surrounded  by  a  balustrade. 

Baldachin.    A  building  in  the  form  of  a  canopy,  supported  with  columns,  and 
serving  as  a  crown  or  covering  to  an  altar. 

Baluster.  A  small  pillar  or  column,  supporting  a  rail, 
of  various  forms,  used  in  balustrades. 

Baluster  Shaft.  The  shaft  dividing  a  window  in  Saxon 
architecture.  At  St.  Albans  are  some  of  these  shafts,  evi- 
dently out  of  the  old  Saxon  church,  which  have  been  fixed 
up  with  Norman  capitals. 

Balustrade.    A  series  of  balusters  connected  by  a  rail. 

Band.  A  sort  of  flat  frieze  or  fascia  running  horizon- 
tally round  a  tower  or  other  parts  of  a  building,  particu- 
larly the  base  tables  in  perpendicular  work,  commonly  used 
with  the  long  shafts  characteristic  of  the  thirteenth  cen- 
tury.   It  generally  has  a  bold,  projecting  molding  above  baloachxn 
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and  Mow,  and  is  carved  sometimes  with  foliacea,  but  in  general  with  cusped 
circles,  or  quatrefoils,  in  which  frequently  are  shields  of  arms. 

Band  of  a  Colamn.  A  series  of  annulets  and  hollows  goin^  round  the  middle 
of  the  shafts  of  columns,  and  sometimes  of  the  entire  pier.  They  are  often  beau- 
tifully carved  with  foliages,  etc.,  as  at  Amiens.  In  several  cathedrals  thtte  are 
rings  of  bronze  apparently  covering  the  junction  of  the  frusta  of  the  columns. 
At  Worcester  and  Westminster  they  appear  to  have  been  gilt;  they  are  there 
more  properly  called  Shaft-rings. 

Baptistery.  A  separate  building  to  contain  the  font,  for  the  rite  of  baptism. 
They  are  frequent  on  the  Continent;  that  at  Rome,  near  St.  John  Lateran,  and 
those  at  Florence,  Pisa,  Pavia,  etc.,  are  all  well-known  examples.  The  only  ex- 
amples in  England  are  at  Cranbrook  and  Canterbury;  the  latter,  however,  is 
supposed  to  have  been  originally  part  of  the  treasury. 

Barbican.  An  outwork  for  the  defence  of  a  gate  or  drawbridge;  also,  a  sort 
of  pent- house  or  construction  of  timber  to  shelter  warders  or  sentries  from  arrows 
or  other  missiles.  ^ 

Barge  Board.    See  Verge  Board. 

Bartizan.    A  small  turret,  corbeled  out  at  the  angle  of  a  wall  or  tower,  to  pro- 
tect a  warder  and  enable  him  to  see  around  him. 
They  generally  are  furnished  with  oylets  or  arrow- 
slits. 

Basement.    The  lower  part  of  a  building,  usu< 
ally  in  part  below  the  grade  of  the  lot  or  streeL 

Baae    Moldings.    The  moldings  immediately 
above  the  plinth  of  a  wall,  pillar,  or  pedestal. 

Base  of  a  Column.    That  part  which  is  between  bartizan 

the  shaft  and  the  pedestal,  or,  if  there  be  no  pedes- 
tal, between  the  shaft  and  the  plinth.    The  Grecian  Doric  had  no  base,  and  the 
Tuscan  has  only  a  single  torus,  or  a  plinth. 

Basilica.  A  term  given  by  the  Greeks  and  Romans  to  the  public  buildings 
devoted  to  judicial  purposes. 

Bas-relief.    See  Bciso^rilievo. 

Basse-cour.  A  court  separated  from  the  principal  one,  and  destined  for 
stables,  etc. 

Basso-rilieyo,  or  Bas-relief.  The  representations  of  figures  projected  from 
a  background  without  being  detached  from  it.  It  is  4ivided  into  three  parts; 
Alto-rilievo,  when  the  figure  projects  more  than  one-half;  Mczzo-rilievo,  that  ia 
which  the  figure  projects  one-half;  and  Basso-rilievo,  when  the  projection  of  the 
figure  is  less  than  one-half,  as  in  coins. 

Bat.    A  part  of  a  brick. 

Batten.  Small  scantlings^  or  small  strips  of  boards,  used  for  various  purposes. 
Small  strips  put  over  the  joints  of  sheathing  to  keep  out  the  weather. 

Batten-door.  A  door  made  of  sheathing,  secured  by  strips  of  board,  put 
crossways,  and  nailed  with  clinched  nails. 

Batter.  A  term  used  by  bricklayers,  carpenters,  etc,  to  signify  a  wall,  piece 
of  timber,  or  other  material,  which  does  not  stand  upright,  but  inclines  from  jrou 
when  you  stand  before  it;  but  when,  on  the  contrary,  it  leans  toward  you,  it  is 
said  to  overhang. 
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Batflemeiit.  A  parapet  with  a  series  of  notches  In  it,  from  which  arrows  may 
be  shot,  or  other  instruments  of  defence  ^ 

hurled  on  besiegers.  The  raised  portions 
are  called  merlons;  and  the  notches,  em- 
brasures or  crenelles.  The  former  were 
intended  to  cover  the  soldier  while  dis- 
charging his  weapon  through  the  latter. 
Their  use  is  of  great  antiquity;  they  are 
found  in  the  sculptures  of  Nineveh,  in  the 
tombs  of  Egypt,  and  on  the  famous  Fran-  battlement 

£ob  vase,  where  there  is  a  delineation  of 

the  sieg:e  of  Troy.  In  ecclesiastical  architecture  the  early  battlements  have  small 
shallow  embrasures  at  some  distance  apart.  In  the  Decorated  period  they  are 
closer  together,  and  deeper,  and  the  moldings  on  the  top  of  the  merlon  and  bot- 
tom of  the  embrasure  are  richer.  During  this  period,  and  the  early  part  of  the 
,  Perpendicular,  the  sides  or  cheeks  of  the  embrasures  are  perfectly  square  and 
plain.  In  later  times  the  moldings  were  continued  round  the  sides,  as  well  as 
at  top  and  bottom,  mitring  at  the  angles,  as  over  the  doorway  of  Magdalen  Col- 
lege, Oxford,  England.  The  battlements  of  the  Decorated  and  later  periods  are 
often  richly  ornamented  by  paneling,  as  in  the  last  example..  In  castellated 
work  the  merlons  are  often  pierced  by  narrow  arrow-slits.  (See  Oykt.)  In 
South  Italy  some  battlements  are  found  strongly  resembKng  those  of  old  Rome 
and  Pompeii;  in  the  Continental  ecclesiastical  architecture,  the  parapets  are  very 
rarely  embattled. 

Bay.  Any  division  or  compartment  of  an  arcade,  roof,  etc.  Thus  each  space, 
from  pillar  to  pillar,  in  a  cathedral,  is  called  a  bay,  or  severy. 

Bay  '^Hndow.  Any  window  projecting  outward  from  the  wall  of  a  building, 
either  square  or  polygonal  on  plan,  and  commencing  from  the  ground.  If  they 
are  carried  on  projecting  corbels,  they  arc  called  Oriel  windows.  Their  use  seems 
to  have  been  confined  to  the  later  periods.  In  the  Tudor  and  Elizabethan  styles 
they  are  often  semicircular  in  plan,  in  which  case  some  think  it  more  correct  to 
call  them  Bow  Windows. 

Bazaar.    A  kind  of  Eastern  mart,  of  Arabic  ori^. 

Bead.  A  circular  molding.  When  several  are  joined,  it  is  called  Reeding; 
when  flush  with  the  surface,  it  is  called  Quirk-bead;  and  when  raised.  Cock-bead. 

Beam.  A  piece  of  timber,  iron,  stone,  or  other  material,  placed  horizontally, 
or  nearly  so,  to  support  a  load  over  an  opening,  or  from  post  to  post. 

Bearing.    The  portion  of  a  beam,  truss,  etc.,  that  rests  on  the  supports. 

Bearing  Wan,  or  Partition.  A  wall  which  supports  the  floors  and  roofs  in 
a  building. 

Beauf et,  or  Buffet.  A  small  cupboard,  or  cabinet,  to  contain  china.  It  may 
either  be  built  into  a  wall,  or  be  a  separate  piece  of  furniture. 

Bed.    In  bricklaying  and  masonry,  the  horizontal  surfaces  on  which  the  stones 
or  bricks  of  walls  lie  in  courses. 
Bed  of  a  Slate.    The  lower  side. 

Bed  Moldings.  Those  moldings  in  all  the  orders  between  the  corona  and 
frieze. 

Belfry.  Properly  speaking,  a  detached  tower  or  campanile  containing  bells, 
as  at  Evesham,  England,  but  more  generally  applied  to  the  ringhig-room  or  loft 
of  the  tower  of  a  church.    See  Tower. 
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Bell-cot,  Bell-c<ible,  or  BaU-turret  The  place  where  one  or  more  bells  are 
hung  in  chapeU,  or  small  churches  which  have  no  toWeis.  BeU-oots  are  some- 
times  double,  as  at  Northborough  and  CoxweU,  England;  a  very  common  form 
in  France  and  Switzerland  admits  of  three  bells.  In  these  countries,  also,  they 
are  frequently  of  wood,  and  attached  to  the  ridge.  Those  which  stand  on  the 
gable,  (Uviding  the  nave  from  the  chancel,  are  generally  called  Sanctus  Bells.  A 
very  curious  and,  it  is  believed,  unique  example  at  Cleves  Abbey,  England,  juts 
out  from  the  wall.  In  later  times  bell-turrets  were  much  ornamented;  these  are 
often  called  Filches. 

Bell  of  a  CapitAl.  In  Gothic  work,  immediately  above  the  nedung  is  a  deep, 
hollow  curve;  this  is  called  the  bell  of  a  capital.  It  is  often  enriched  with  foli- 
ages.   It  is  also  applied  to  the  body  of  the  Corinthian  and  Composite  capitals. 

Belt.  A  course  of  stones  or  brick  projecting  from  a  brick  or  stone  wall,  gen- 
erally placed  in  a  line  with  the  silb  of  the  windows;  it  is  either  molded,  fluted, 
plane,  or  enriched  with  patras  at  regular  intervals.  Sometimes  called  Stooe 
String. 

Belvedere,  or  Look-out  A  turret  or  lantern  raised  above  the  roof  of  ao 
observatory  for  the  purpose  of  enjoying  a  fine  prospect. 

Bema. '  The*  semicircular  recess,  or  hexedra,  in  the  basiUca,  where  the  judges 
sat,  and  where  in  after-times  the  altar  was  placed.  It  generally  is  roofed  with  a 
half -dome  or  concha.  The  seats  of  the  priests  were  against  the  wall,  looking  into 
the  body  of  the  church,  that  of  the  bishop  being  in  the  center.  The  bema 
is  generally  ascended  by  steps,  and  railed  off  by  cancelli. 

Bench  Table.  The  stone  seat  which  runs  round  the  walls  of  large  churche<, 
and  sometimes  round  the  piers;  it  very  generally  is  placed  in  the  porches. 

Bevel.  An  instrument  for  taking  angles.  One  side  of  a  solid  body  is  said  to 
be  beveled  with  respect  to  another,  when  the  angle  contained  between  those  two 
sides  is  greater  or  less  than  a  right  angle. 

Bezantee.  A  name  given  to  an  ornamental  molding  much  used  in  the  Nor- 
man period,  resembling  bezants,  coins  struck  in  B3rzantium. 

Billet.  A  species  of  ornamented  molding  much  used  in  Norman,  and  some- 
times in  Early  English  work,  like  short  pieces  of  stick  cut  off  and  arranged  alter- 
nately. 

Blocking,  or  Blocking-course.  In  masonry,  a  course  of  stones  placed  on 
the  top  of  a  cornice  crowning  the  walls. 

Bond.  In  bricklaying  and  masonry,  that  connection  between  bricks  or  stones 
formed  by  lapping  them  upon  one  another  in  carrying  up  the  work,  so  as  to  fonn 
an  inseparable  mass  of  building,  by  preventing  the  vertical  joints  falling  o\'er 
each  other.  In  brickwork  there  are  several  kinds  of  bond.  In  common  brick 
walls  in  every  sixth  or  seventh  course  the  bricks  are  laid  crossways  of  the  wall, 
called  Headers.  In  face  work,  the  back  of  the  face  brick  is  clipped  so  as  to  get 
in  a  diagonal  course  of  headers  behind.  In  Old  English  bond,  every  alternate 
course  is  a  header  course.  In  Flemish  bond,  a  header  and  stretcher  alternate 
in  each  course. 

Bond-stones.  Stones  running  through  the  thickness  of  the  wall  at  right 
angles  to  its  face,  in  order  to  bind  it  together. 

Bond-timbers.  Timbers  placed  in  a  horizontal  direction  in  the  walls  of  a 
brick  building  in  tiers,  and  to  which  the  battens,  laths,  etc.,  are  secured.  In  rub- 
ble work,  walls  are  better  plugged  for  this  purpose. 

Border.    Useful  ornamental  pieces  around  the  edge  of  anything. 
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Bom.  An  ornament,  generally  carved,  forming  the  key-stone  at  the  intersec- 
tion of  the  ribs  of  a  groined  vault.  Early  Norman  vaults  have  no  bosses.  The 
carving  is  generally  foliage,  and -resembles  that  of  the  period  in  capitals,  etc. 
Sometimes  they  have  human  heads,  as  at  Notre  Dame  at  Paris,  and  sometimes 
grotesque  figures.   In  Later  Gothic  vaulting  there  are  bosses  at  every  intersection. 

Boutell.  The  medisval  term  for  a  roimd  molding,  or  torus.  When  it 
follows  a  curve,  as  round  a  bench  end,  it  is  called  a  Roving  Boutell. 

Bow.  Any  projecting  part  of  a  building  in  the  form  of  an  arc  of  a  circle.  .\ 
bow,  however,  is  sometimes  polygonal. 

Bow  Window.    A  window  placed  in  the  bow  of  a  building. 

Brace.  In  carpentry,  an  inclined  piece  of  timber,  used  in  trussed  partitions, 
or  in  framed  roofs,  in  order  to  form  a  triangle,  and  thereby  stiffen  the  framing. 
When  a  brace  is  used  by  way  of  support  to  a  rafter,  it  is  called  a  strut.  Braces 
in  partitions  and  span-roofs  are,  or  always  should  be,  diqx>sed  in  pairs,  and 
introduced  in  opposite  directions. 

Brace  Mold.  [  \  J  Two  ressaunts  or  ogees  united  together  like  a  brace  in 
printing,  sometimes  with  a  small  bead  between  them. 

Bracket.  A  projecting  ornament  carrying  a  cornice.  Those  which  support 
vaulting  shafts  or  cross  springers  of  a  roof  are  more  generally  Called  Corbels. 

Break.    Any  projection  from  the  general  surface  of  a  buUding. 

Breaking  Joint.  The  arrangement  of  stones  or  bricks  so  as  not  to  allow 
two  joints  to  come  immediately  over  each  other.    See  Bond, 

Breast  of  a  Window.  The  masonry  forming  the  back 
of  the  recess  and  the  parapet  under  the  window-sill.  1 

Bressummer.    A  lintel,  beam,  or  iron  tie,  intended  to   < 
carry  an  external  wall  and  itself  supported  by  piers  or 
posts;    used  principally  over  shop  windows.     This  term    j 
is  now  seldom  used,  the  word  beam,  or  girder,  taking  its   i 
place. 

Bridging.  A  method  of  stiffening  floor  joist  and  parti- 
tion studs,  by  cutting  pieces  in  between.  Cross  bridging 
of  floor  joist  is  illustrated  in  cut. 

Bulwark.    In  ancient  fortification,  nearly  the  same  as      cross-bridgino 
Bastion  in  modem. 

Burse,  or  Bourse.  A  public  edifice  for  the  assembly  of  merchant  traders; 
an  exchange. 

Bust.  In  sculpture,  that  portion  of  the  human  figure 
which  comprises  the  head,  neck,  and  shoulders. 

Buttery.    A  store-room  for  provisions. ' 

Butt-joint.  Where  the  ends  of  two  pieces  of  timber  or 
molding  butt  together. 

Buttress.  Masonry  projecting  from  a  wall,  and  intended 
to  strengthen'the  same  against  the  thrust  of  a  roof  or  vault. 
Buttresses  are  no  doubt  derived  from  the  classic  pilasters  which 
serve  to  strengthen  walls  where  there  is  a  pressure  of  a  girder 
or  roof-timber.  In  very  early  work  they  have  little  projection, 
and,  in  fact,  are  "  strippilasters."  In  Norman  work  they  are 
wider,  with  very  little  projection,  and  generally  stop  under  a 
xomice  or  corbel  table.  Eariy  English  buttresses  project  con- 
siderably, sometimes  with  deep  sloping  weatherings  in  several       buttress 
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Stages,  and  sometimea  with  gabled  heads.  Sometiiiies  they  aie  chamfered,  and 
■ometimes  the  angles  have  jamb  shafts.  At  Wells  and  Salisbury,  Englaiid, 
they  are  richly  ornamented  with  canopies  and  statues.  In  the  Decorated  period 
they  became  richly  paneled  in  stages,  and  often  finish  with  niches  and  statues 
and  elegantly  carved  and  crocketed  gablets,  as  at  York,  England.  In  the 
Perpendicular  period  the  weatherings  became  waved,  and  they  frequently 
terminate  with  niches  and  pinnacles. 

Buttress,  Flying.    A  detached  buttress  or  pier  of  masonry  at  some  distance 
from  a  wall,  and  connected  therewith  by  an  arch  or  por- 
tion of  an  arch,  so  as  to  discharge  the  thrust  of  a  roof  or 
vault  on  some  strong  point. 

Buttress  Shafts.  Slender  columns  at  the  angle  oC 
buttresses,  chiefly  used  in  the  Early  Engliah  period. 

Bysantine  Architecture.  A  style  developed  in  the 
Byzantine  Empire.  The  capitals  of  the  pillars  are  of 
endless  variety  and  full  of  invention;  some  are  founded 
on  the  Greek  Corinthian,  some  resemble  the  Norman 
and  the  Lombard  style,  and  are  so  varied  that  no  two  sides 
of  the  same  capital  are  alike.  They  are  comprised  under 
the  style  Romanesque,  which  comprehends  the  round- 
arch  style.  Byzantine  architecture  reached  its  height  in 
the  Church  of  St.  Sophia  at  Constantinople. 

Cabinet.  A  highly  ornamented  kind  of  buffet  or  chest  of  drawers  set  apart 
for  the  preservation  of  things  of  value. 

Cabling.  The  flutes  of  columns  are  said  to  be  cabled  when  they  are  partly 
occupied  by  solid  convex  masses,  or  appear  to  be  refilled  with  cylinders  after 
they  had  been  formed. 

Caduceus.    Mercury's  rod,  a  wand  entwined  by  two  serpents  and  surmounted 
by  two  wings.    The  rod  represents  power;  the  serpents,  wisdom; 
and  the  wings,  diligence  and  activity. 

Caisson.  A  panel  sunk  below  the  surface  in  flat  or  vaulted  ceil- 
ings.   See  Cassoan 

Caisson.  In  bridge  building,  a  chest  or  vessd  in  which  the  piers 
of  a  bridge  are  built,  gradually  sinking  as  the  work  advances  till  its 
bottom  comes  in  contact  with  the  bed  of  the  river,  and  then  the 
sides  are  disengaged,  being  so  constructed  as'  to  allow  of  their  being 
thus  detached  without  injury  to  its  floor  or  bottom. 

Caliber,  or  Caliper.  The  diameter  of  any  rotmd  body;  the  width 
of  the  mouth  of  a  piece  of  ordnance.  ^ 

Camber.  In  carpentry,  the  convexity  of  a  beam  upon  the  surface, 
in  order  to  prevent  its  becoming  concave  by  its  own  weight,  or  by 
the  burden  it  may  have  to  sustain. 

Campanile.  A  name  given  in  Italy  to  the  bell-tower  of  a  town-hall  or  church. 
In  that  country  this  is  almost  always  detached  from  the  latter. 

Candelabrum.  Stand  or  support  on  which  the  andents  placed  their  lamps. 
Candelabra  were  made  in  a  variety  of  shapes  and  with  much  taste  and  elegance. 
The  term  is  also  used  to  denote  a  tall  ornamental  candlestick  with  several  arms, 
or  a  bracket  with  arms  for  candles. 

Canopy.  The  upper  part  or  cover  of  a  niche,  or  the  projection  or  ornament 
over  an  altar,  seat,  or  tomb.    The  word  is  supposed  to  be  derived  from  cono- 
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pmvm,  the  gaiuse  covering  over  a  bed  to  keep  off  the  gnats;  a  mosquito  curtain. 
Early  English  canopies  are  generally  simple,  with  trefoiled  or  dnque-foiled  heads; 
but  in  the  later  styles  they  are  veiy  rich,  and  divided  into  compartments  with 
pendants,  knots,  pinnacles,  etc.  The  triangular  arrangement  over  an  l£arly  £nch 
lish  and  Decorated  doorway  is  often  called  a  canopy.  The  triangular  canopi^ 
in  the  North  of  Italy  are  peculiar.  Those  in  England  are  generally  part  of  the 
arrangement  of  the  arch  moldings  of  the  door,  and  form,  as  it  were,  the  hood- 
molds  to  them,  as  at  York.  The  former  are  above  and  independent  of  the  door 
moldings,  and  frequently  support  an  arch  with  a  tympanum,  above  which  is  a 
triangular  canopy,  as  in  the  Buomo  at  Florence.  Sometimes  the  canopy  and 
arch  project  from  the  wall,  and  are  carried  on  small  jamb  shafts,  as  at  San  Pietro 
Martiro  at  Verona.  Canopies  are  often  used  over  windows,  as  at  York  Minster 
over  the  great  west  window,  and  lower  ties  in  the  towers.  These  are  friangular, 
while  the  upper  windows  in  the  towers  have  ogee  canopies. 

Cajiital.  The  upper  part  of  a  column,  pilaster,  pier,  etc.  Capitals  have  been 
used  in  every  style  down  to  the  present  time.  That  mostly  i)sed  by  the  Egyp- 
tians was  bell-shaped,  with  or  without  ornaments.  The  Persians  used  the  double- 
headed  bell,  forming  a  kind  of  bracket  capital.  The  Assyrians  apparently  made 
use  of  the  Ionic  and  Corinthian,  which  were  developed  by  the  Greeks,  Romans, 
and  Italians  into  their  present  well-known  foims.  The  Doric  was  apparently  an 
invention  or  adaptation  by  the  Greeks^  and  was  altered  by  the  Romans  and 
Italians.  But  in  all  these  examples,  both  ancient  and  modem,  the  capitals  of  an 
order  are  aU  of  the  same  form  throughout  the  same  building,  so  that  if  one  be 
veen  the  form  of  aU  the  others  is  known.  The  Romanesque  architects  altered 
all  this,  and  in  the  carving  of  their  capitals  often  introduced  such  figures  and 
emblona  as  helped  to  tell  the  story  of  their  building.  Another  form  was  intro- 
duced by  them  in  the  curtain  capital,  rude  at  first,  but  afterward  highly  deco- 
rated. It  evidently  took  its  origin  from  the  cutting  off  of  the  lower  angles  of  a 
square  block,  and  Uien  rounding  them  off.  The  process  may  be  distinctly  seen, 
in  its  several  stages,  in  Mayence  Cathedral.  But  this  form  of  capital  was  more 
fully  developed  by  the  Normans,  with  whom  it  became  a  marked  feature.  In 
the  early  English  capitals  a  peculiar  flower  of  three  or  more  lobes  was  used 
spreading  from  the  necking  upward  in  most  graceful  forms.  In  Decorated  and 
Perpendicular  styles  this  was  abandoned  in  favor  of  more  realistic  forms  of 
crumpled  leaves,  enclosing  the  bell  like  a  wreath.  In  each  style  bold  abacus 
moldings  were  always  used,  whether  with  or  without  foliage. 

Caravansary.  A  huge,  square  building,  or  inn,  in  the  East,  for  the  reception 
of  travelers  and  lodging  of  caravans. 

Carriage.    The  timber  or  iron  joist  which  supports  the  steps  of  a  wooden  stair. 

Carton,  or  C*rtooii.  A  design  made  on  strong  paper,  to  be 
transferred  on  the  fresh  plaster  wall  to  be  afterward  painted  in 
fresco;  also,  a  colored  design  for  working  in  mosaic  tapestry. 

Cartouche.  An  ornament  ^vhich  like  an  escutcheon,  a  shield 
or  an  oval  or  oblong  panel  has  the  central  part  plain,  and  usually 
slightly  convex,  to  receive  an  inscription,  armorial  bearings,  or  an 
ornamental  or  significant  piece  of  painting  or  sculpture.  Frequently 
used  in  French  Renaissance  and  Modem  Architecture. 

Caryatidas.  Human  female  figures  used  as  piers,  columns,  or 
supports.  Caryaik  is  applied  to  the  human  figure  generally,  when 
used  in  the  manner  of  caryatides. 

Cased.  Covered  with  other  materials,  generally  of  a  better 
quality.  PAavAnn 
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Cfttement.  A  glass  frame  which  is  made  to  open  by  turning  on  hinges 
affixed  to  its  vertical  edges. 

Caaaoon,  or  Caiaaon.  A  deep  panel  or  coffer  in  a  soffit  or  ceiling.  This 
term  is  sometimes  written  in  the  French  form,  caisson;  sometimes  derived 
directly  from  the  Italian  cassone,  the  augmentative  of  cassa,  a  chest  or  coffer. 

Cast.  A  term  used  in  sculpture  for  the  impression  of  any  figure  taken  in 
plaster  of  Paris,  wax,  or  other  substances. 

Catacomba.  Subterranean  places  for  burying  the  dead.  Those  of  £g3i>t, 
and  near  Rome,  are  believed  to  be  the  most  important. 

Catafalco.    An  ornamental  scaffold  used  in  funeral  solemnities. 

Cathadral.    The  principal  church,  where  the  bishop  has  his  seat  as  diocesan. 

Cauliculus.  The  inner  scroll  of  the  Corinthian  capital.  It  is  not  uncommon, 
however,  to  apply  this  term  to  the  larger  scrolls  or  volutes  also. 

Cauaeway.    A  raised  or  paved  way. 

Cavetto.  A  concave  ornamental  molding,  opposed  in  effect  to  the  ovcdo  — 
the  quadrant  of  a  circle. 

Catling.  That  covering  of  a  room  which  hides  the  joists  of  the  floor  above, 
or  the  rafters  of  the  roof  Most  European  churches  either  have  open  roofs»  or 
are  groined  in  stone.  At  Peterborough  and  St.  Albans,  England,  there  arc  ver>' 
old  flat  ceilings  of  boards  curiously  painted.  In  later  times  the  boarded  ceilings 
and,  in  fact,  some  of  those  of  plaster,  have  molded  ribs,  locked  with  bosses  at 
the  intersection,  and  are  sometimes  elaborately  carved.  In  many  English 
churches  there  are  ceilings  formed  of  oak  ribs,  filled  in  at  the  spandreb 
with  narrow,  thin  pieces  of  board,  in  exact  imitation  of  stone  groining.  In 
the  Elizabethan  and  subsequent  periods  the  ceilings  are  enriched  with 
most  elaborate  ornaments  in  stucco.  Matched  and  beaded  boards,  planed 
and  smoothed,  used  for  wainscoting.  In  the  New  England  States  it  is  called 
sheathiii^. 

Cenotaph.  An  honorary  tomb  or  monument,  distingui.  d  from  monuments 
in  being  empty,  the  individual  it  is  to  memorialize  having  received  interment 
elsewhere. 

Centavr.  A  poetical  imaginary  bemg  of  heathen  mythology,  half-man  and 
half-hoiae. 

Centring.  In  building,  the  frames  on  which  an  arch  is  turned. 
1^  Chamfer,  Champf er,  or  Chaumf er.  When  the  edge  or  arris  of  any  work  is 
cut  off  at  an  angle  of  45"  in  a  small  degree,  it  is  said  to  be  chamfered:  if 
to  a  large  scale,  it  is  said  to  be  a  canted  comer.  The  chamfer  is  much  used  in 
mediaeval  work,  and  is  sometimes  plain,  sometimes  hollowed  out,  and  sometimes 
molded. 

Chamfer  Stop.  Chamfers  sometimes  ^mply  run  mto  the  arris  by  a  plane 
face;  more  commonly  they  are  first  stopped  by  some  ornament,  as  by  a  bead; 
they  are  sometimes  terminated  by  trefoils,  or  dnque-foils,  double  or  single,  and 
in  general  form  very  pleasing  features  in  medisvd  architecture. 

Chancel.  A  place  separated  from  the  rest  of  a  church  by  a  screen.  The  word 
is  now  generally  used  to  signify  the  portion  of  an  Episcopal  or  Catholic  church 
containing  the  altar  and  conununion  table. 

Chantry.  A  small  chapel,  generally  built  out  from  a  church.  They  generally 
contain  a  founder's  tomb,  and  are  often  endowed  places  where  masses  might 


y  Google 


Ghasaiy  1725 

be  said  for  his  soul.  The  officiator,  or  mass  priest,  being  often  unconnected 
with  the  parochial  clergy.  The  chantry  has  generally  an  entrance  from  the 
outside. 

Chapel.  A  small,  detached  building  used  as  a  substitute  for  a  church  in  a 
large  parish;  an  apartment  in  any  large  building,  a  palace,  a  nobleman's  house,  a 
hospital  or  prison,  used  for  public  worship;  or  an  attached  building  running  out 
of  and  forming  part  of  a  large  church,  generally  dedicated  to  different  saints, 
each  having  its  own  altar,  piscina,  etc.,  and  screened  off  from  the  body  of  the 
building. 

Chapter  House.  The  chamber  in  which  the  chapter  or  heads  of  the  monastic 
bodies  assembled  to  transact  bu^ess.  They  are  of  various  forms;  some  are 
oblong  apartments,  some  octagonal,  and  some  circular. 

Chaptrel.  In  Gothic  architecture,  the  capital  of  a  pier  or  column  which 
receives  an  arch. 

Chamel  House.  A  place  for  depositing  the  bones  which  might  be 
thrown  up  in  digging  graves.  Sometimes  it  was  a  portion  of  the 
crypt;  sometimes  it  was  a  separate  building  in  the  church-yard; 
sometimes  chantry  chapels  w^re  attached  to  these  buildings.  M. 
VioUet-le-Duc  has  given  two  very  curious  examples  of  ossuaires  — 
one  from  Fieurance,  the  other  from  Faouet. 

Cherub — Gothic.  A  representation  of  an  infant's  head  joined  to 
two  wings,  used  in  the  churches  on  k^r-stones  of  arches  and  corbels. 

CheTTon — Gothic.  An  ornament  turning  this  and  that  way,  like 
a  zigzag,  or  letter  Z. 

Chisro-oscuro.  The  effects  of  Hght  and 
shade  in  a  picture. 

Choir.  That  part  of  a  church  or  monastery 
where  the  breviary  service,  or  "hone,"  is 
chanted. 

Church.  A  building  for  the  performance  of 
public  worship.    The  Erst  churches  were  built  on  CSevkon 

the  plan  of  the  ancient  basilics,  and  afterward 

on  the  plan  of  a  cross:  a  church  is  said  to  be  in  Greek  cross  when  the  length  of 
the  transverse  is  equal  to  that  of  the  nave;  in  Latin  cross,  when  the  nave  is 
longer  than  the  transverse  part;  in  rotundo,  when  it  is  a  perfect  circle;  simple, 
when  it  has  only  a  nave  and  choir;  with  aisles,  when  it  has  a  row  of  porticos  in 
form  of  vaulted  galleries,  with  chapels  in  its  circumference. 

Ciborium.  A  tabernacle  or  vaulted  canopy  supported  on  shafts  standing  over 
the  high  altar. 

Cincture.  A  ring,  list,  or  fillet  at  the  top  and  bottom  of  a 
column,  serving  to  divide  the  shaft  of  the  column  from  its 
capital  and  base. 

Cinque-foil.  A  sinking  or  perforation,  like  a  flower,  of 
five  points  or  leaves,  as  a  quatre-foil  is  of  four.  The  points 
are  sometimes  in  a  circle,  and  sometimes  form  the  cusping 

^^  ^  **^^^-  CINOUK-FOn. 

CiTic  Crown.    A  garland  of  oak-leaves  and  acorns^  given 
as  honorary  distinction  among  the  Romans  to  such  as  had  preserved  the  life 
of  a  fellow-citizen. 
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Clere-fltory*  Cletr-story.    When  the  middle  of  the  nave  of  a  dmrch  rises 

above  the  aisles  and  is  pierced  with 
windows,  the  upper  story  is  thus 
called.  Sometimes  these  windows 
are  very  small,  being  mere  quatre- 
foils,  or  spherical  triangles.  In  large 
buildings,  however,  they  arc  impor- 
tant objects  both  for  beauty  and 
utility.  The  window  of  the  clere- 
stories of  Norman  work,  even  in  large 
churches,  are  of  less  importance  than 
in  the  later  styles.  In  Early  English 
they  became  larger;  and  in  the  Deco- 
rated they  are  more  important  still, 
being  lengthened  as  the  triforium 
diminishes.  In  Perpendicular  work 
the  latter  often  disappears  altogether, 
and  in  many  later  churches  the  clere- 
stories are  close  ranges  of  windows. 
The  word  clerestory  is  also  used  to 
denote  a  similar  method  of  Lighting 
other  buildings  besides  churches,  es- 
pecially factories,  depots,  sheds,  etc. 

Cloister.  An  enclosed  square,  like 
the  atrium  of  a  Roman  house,  with  a 
walk  or  ambulatory  around,  sheltered 
by  a  roof,  generally  groined,  and  by 
tracery  windows,  which  were  more 
or  less  glazed. 

Close.  The  precinct  of  a  cathedral 
or  abbey.     Sometimes  the  walls  are  I 

traceable,    but    now    generally    the  Bath  Abbey 

boundary   b  only  known  by  tradi- 

jIqjj  flying  BUTTKESS  and  CIXRE-STOIY 

Close  string,  or  Box  String.     A      A,  buttress  with  phnadc;  B,  tying 

method  of  finishing  the  outer  edge  of  ^uttr^     7PPJ^}^r.'?f'^£^L«? 
,     .    ....  ^  _^  V^     L  vaulted  roof  of  aisle;  D  D,  pier  dividm? 

suars,  by  buUdmg  up  a  sort  of  curb  „ave  horn  .isfe;  E.  vaulte<i  ^  of^ 
stnng   on    which    the   balusters   set, 
and  the  treads  and  risers  stop  against  it. 

Clustered.  In  architecture,  the  coalition  of  several  members 
which  penetrate  each  other. 

Clustered  Column.  Several  slender  pillars  attached  to  each 
other  so  as  to  form  one.  The  terra  is  used  in  Roman  architecture 
to  denote  two  or  four  columns  which  appear  to  intersect  each  other 
at  the  angle  of  a  building  to  answer  at  each  return. 

Coat.  A  thickness  or  covering  of  paint,  plaster,  or  other  work, 
done  at  one  time.  The  first  coat  of  plastering  is  called  the  scratch 
coat,  the  second  coat  (when  there  are  three  coats)  is  called  the  brown 
coat,  and  the  last  coat  is  variously  known  as  the  slipped  coat« 
skimcoat,  or  white  coat.    It  vanes  in  composition  in  different 

Coffer.    A  deep  panel  in  a  ceiling.  coutmm 
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Coffer  Bam.  A  frame  tued  In  the  building  of  a  btidge  in  deep  water, 
similar  to  a  caisson. 

CoUar  Beam.  A  beam  above  the  lower  ends  of  the  rafters,  and  spiked  to 
them. 

Ciiloaiiade.  A  row  of  columns.  The  colonnade  Is  termed,  according  to 
the  number  of  columns  which  support  the  enUblature:  Tetrastyle,  when  thciw 
arc  four;  hexastyle,  when  six;  octostyle,  when  dght,  etc.  When  in  fnmt  of  a 
building  they  are  termed  porticos;  when  surrounding  a  buildingi  peristyle;  and 
when  double  or  more,  polystyle. 

Colotaeum,  or  CdKlieuai.  The  immense  amphitheater  built  at  Rome  by 
Flavins  Vesixisian,  a  d.  72,  after  his  return  from  his  victories  over  the  Jews.  It 
would  contam  ninety  thousand  persons  sitting,  and  twenty  thousand  more 
standing.    The  name  is  now  employed 
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to  denote  an  unusually  Urge  audience  tnii-ifeTi 

biulding,   generally   of  a   temporary   ^ \r]r*4^^-- 

nature.  a 

Colossus.  The  name  of  a  brasen  ^ 
statue  which  was  erected  at  the  ^ 
entrance  of  the  harbor  at  Rhodes^  ^ 
one  hundred  and  five  feet  in  height,  z 
Vessels  could  sail  between  its  legs.         ^ 

Column.    A    round    pillar.    The 
parts  are  the  base,  on  which  it  rests; 
its  body,  called  the  shaft;    and  the 
head.  Called  the  capital.    The  capital 
finishes  with  a  horizontal  table,  called 
the  abacus^  and  the  base  commonly 
stands  on  another,  called  the  plintlL    z 
Columns  may  be  either  insulated  or    ^J, 
attached.    They  are  said  to  be  at-    ^ 
tached  or  engaged  when  they  form    o 
part  of  a  wall,  projecting  one-half  or 
more,   but  not  the  whole,   of  their 
substance. 

Common.    A  line,  angle,  surface, 
etc.,  which  belongs  equally  to  several 
objects.    Common  centring  is  a  cen- 
tring without  trusses,  having  a  tic  SSCTIOK  6J  COttTiO}  And  ENXABLAtoie 
beam  at  bottom.    Common  Joists  are  ^,  . .  ,  „  ,    ^  ^  ,    x 

the  beams  hi  naked  flooring  to  which  CI>>vided  according  to  the  Tuscan  Order.) 
the  joists  are  fixed.    Common  rafters 
in  a  roof  are  those  to  which  the  laths  are  attached. 

Composite  Arch.    Is  the  pointed  or  lancet  arch.  , 

Composite  Order.  The  most  elaborate  of  the  orders  of  classical  arch- 
itecture. 

Concrete.  A  mass  composed  of  broken  stone,  sand,  and  hydraulic  cement, 
which  makes  a  sort  of  artificial  stone,  much  used  for  foundations;  a  finer  variety 
is  sometimes  used  in  blocks  for  building  houses. 

Coiidttit.  A  long  narrow  passage  between  two  waUs  or  miderground  for 
secret  communication  between  differsnt  apartmsnts;  also,  a  canal  or  pipe  for  the 
conveyance  of  water. 
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Conf esdoiMl.    The  seat  where  a  priest  or  confessor  sits  to  hear  confessions 

Conge.    Another  name  for  the  echinus  or  quarter  round. 

CoiiMrvatory.  A  building  for  the  protection  and  rearing  of  tender  plants 
often  attached  to  a  house  as  an  apartment.  Also,  a  public  place  of  instruction, 
designed  to  preserve  and  perfect  the  knowledge  of  some  branch  of  learning  or 
the  fine  arts;  as»  a  conservatory  of  music. 

Consistory.    The  judicial  hall  of  the  College  of  Cardinals  at  Rome. 

Consol,  or  Console.    A  bracket  or  truss,  generally  with  scrolls  or  volutes  at 
the  two  ends,  of  unequal  size  and  contrasted,  but 
connected  by  a  flowing  line  from  the  back  of  the 
upper  one  to  the  inner  convolving  face  of  the  lower. 

Coping.  The  capping  or  covering  of  a  wall.  This 
is  of  stone,  weathered  to  throw  off  the  wet.  In  Nor- 
man times,  as  far  as  can  be  judged  from  the  little  there 
is  left,  it  was  generally  plain  and  flat,  and  projected 
over  the  wall  with  a  floating  to  form  a  drip.    After-  ^_^        ^^ 

ward  it  assumed  a  torus  or  bowtell  at  the  top,  and  be-  consoles 

came  deeper,  and  in  the  Decorated  period  there  were 
generally  several  sets-off.  The  copings  in  the  Perpendicular  period  assumed 
something  of  the  wavy  section  of  the  buttress  caps,  and  mitred  round  the  sides 
of  the  embrasure,  as  well  as  the  top  and  bottom. 

Corbel.  The  name,  in  mediaeval  architecture,  for  a  piece  of  stone  jutting  out 
of  a  wall  to  carry  any  superincumbent  weight.  A  piece  of  timber  projecting  in 
the  same  way  was  called  a  tassel  or  a  bragger.  Thus,  the  carved  ornaments  from 
which  the  vaulting  shafts  spring  at  Lincoln  are  corbels.  Norman  corbels  are 
generally  plain.  In  the  Early  English  period  they  are  sometimes  elaborately 
carved.  They  sometimes  end  with  a  point,  apparently  growing  into  the  wall. 
or  forming  a  knot,  and  often  are  supported  by  angles  and  other  figures.  In  the 
later  periods  the  foliage  or  ornaments  resemble  those  in  the  capitals.  In  modern 
architecture,  a  short  piece  of  stone  or  wood  projecting  from  a  wall  to  form  a 
support,  generally  ornamented. 

Corbel  Out.  To  build  out  one  or  more  courses  of  brick  or  stone  bom  the  face 
of  a  wall,  to  form  a  support  for  timbers. 

Corbel  Table.  A  projecting  cornice  or  parapet,  supported  by  a  range  of 
corbels  a  short  distance  apart,  which  carry  a  molding,  above  which  is  a  plain 
piece  of  projecting  wall  forming  a  parapet,  and  covered  by  a  coping.  Sometimes 
small  arches  are  thrown  across  from  corbel  to  corbel,  to  carry  the  projection. 

Cornice.  The  projection  at. the  top  of  a  wall  finished  by  a  blocking-course. 
common  in  classic  architecture.  In  Norman  times,  the  wall  finished  with  a  cor- 
bel table,  which  carried  a  portion  of  plain  projecting  work,  which  was  finished 
by  a  coping,  and  the  whole  formed  a  parapet.  In  Early  English  times  the  para- 
pet was  much  the  same,  but  the  work  was  executed  in  a  much  better  way,  espe- 
cially the  small  arches  connecting  the  corbels.  In  the  Decorated  period  the  corbel 
table  was  nearly  abandoned,  and  a  large  hollow,  with  one  or  two  subordinate 
moldings,  substituted;  this  is  sometimes  filled  with  the  ball-flowers,  and  some- 
times with  running  foliages.  In  the  Perpendicular  style  the  parapet  frequently 
did  not  project  beyond  the  wall-line  below;  the  molding  then  became  a  string 
(though  often  improperly  called  a  cornice),  and  was  ornamented  by  a  quatre-foil. 
or  small  rosettes,  set  at  equal  intervals  immediately  under  the  batUcme&ts.  In 
many  French  examples  the  molded  string  is  vety  bold,  and  enriched  with  foliage 
ornaments. 

^       le 
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Coromu  The  brow  of  the  cornice  which  projects  over  the  bed  moldings  to 
throw  off  the  water. 

Corridor.  A  long  gallery  or  passage  in  a  mansion  connecting  various  apart- 
ments and  running  round  a  quadrangle.    Any  long  passage-way  in  a  building. 

Countersink.  To  make  a  cavity  for  the  reception'  of  a  plate  of  iron,  or  the 
head  of  a  screw  or  bolt,  so  that  it  shall  not  project  beyond  the  face  of  the  work. 

Coupled  Columns.    Columns  arranged  in  pairs. 

Course.  A  continued  layer  of  bricks  or  stones  in  buildings;  the  term  is  also 
applicable  to  slates,  shingles,  etc.  ^ 

Court.  An  open  area  behind  a  house,  or  in  the  center  of  a  building  and  the 
wings.    Courts  admit  of  the  most  elegant  ornamentations,  such  as  arcades,  etc. 

Cove  —  Coving.  The  molding  called  the  cavetto,  or  the  scotia  inverted,  on 
a  large  scale,  and  not  as  a  mere  molding  in  the  composition  of  a  cornice,  is  called 
a  cove  or  a  coving. 

Cove-bracketing.  The  wooden  skeleton  mold  or  framing  of  a  cove,  applied 
chiefly  to  the  bracketing  of  a  cove  ceiling. 

Cove  Ceiling.    A  ceiling  springing  from  the  walls  with  a  curve. 

Coved  and  Flat  Ceiling.  A  ceiling  in  which  the  section  is  the  quadrant  of 
a  circle,  rising  from  the  walls  and  intersecting  in  a  flat  surface. 

Cradling.    Timber  work  for  sustaining  the  lath  and  plaster  of  vaulted  ceilings. 

Cresting.  An  ornamental  finish  in  the  wall  or  ridge  of  a  building,  which  is 
common  on  the  Continent  of  Europe.  An  example  occurs  at  Exeter  Cathedral, 
the  ridge  of  which  is  ornamented  with  a  range  of  small  fleurs-de-lis  in  lead. 

Crocket.    An  ornament  running  up  the  sides  of  gablets,  hood-molds,  pinna- 
cles, spires;  generally,  a  winding  stem  like  a  creeping  plant, 
with  flowers  or  leaves  projecting  at  intervals,  and  terminat- 
ing in  a  flnial. 

Cross.  This  religious  symbol  b  almost  always  placed  on 
the  ends  of  gables,  the  summit  of  spires,  and  other  conspicu- 
ous places  of  old  churches.  In  early  times  it  was  generally 
very  plain,  often  a  simple  cross  in  a  circle.  Sometimes  they 
take  the  form  of  a  light  cross,  crosslet,  or  a  cross  in  a  square. 
In  the  Decorated  and  later  styles  they  became  richly  floriated, 
and  assumed  an  endless  variety  of  forms.  Of  memorial 
crosses  the  finest  examples  are  the  Eleanor  crosses,  erected  CROCKET 

by  Edward  I.'  Of  these  a  few  yet  remain,  one  of  which  has 
recently  been  recrected  at  Charing  Cross.    Preaching  crosses  were  often  set  up 
by  the  wayside  as  stations  for  preaching;  the  most  noted  is  that  in  front  of  St. 
Paul's,  England.    The  finest  remaining  sepulchral  crosses  are  the  old  elaborately 
carved  examples  found  in  Ireland. 

Cross-aisle.    An  old  name  for  a  transept. 

Cross-springer.    The  transverse  ribs  of  a  vault. 

Cross-vaulting.    A  common  name  given  to  groins  and  cylindrical  vaults. 

Crown.  In  architecture  the  uppermost  member  of  the  cornice;  called  also 
Corona  and  Larmier. 

Crypt.    A  vaulted  apartment  of  greater  or  less  size,  usually  under  the  choir. 

Cupola.  A  small  room,  either  circular  or  polygonal,  standing  on  the  top  of  a 
dome.    By  some  it  is  called  a  Lantern.  ^  , 
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Curb  Roof,  or  M«nMrd  Roof.  A  zpof  formed  of  four  contiguous  plsms. 
each  two  having  an  external  inclination.  ^ 

Curtail  8tep^  The  first  step  in  a  3tair,  which  is  generally  finished  in  the  form 
of  a  scroll. 

Cu«p.  The  point  where  the  foliations  of  traceiy  intersect.  The  earliest 
example  in  England  of  a  plain  cusp  is  probably  that  at  Pythagoras  School,  at 
Cambridge,  of  an  ornamental  cusp,  at  Ely  Cathedral,  where  a  small  roll,  with  a 
rosette  at  the  end,  is  formed  at  the  termination  of  a  cusp.  In  the  later  styles  the 
tcrmiaatioQs  of  the  cusps  were  more  richly  decorated;  they  also  sometimes 
terminate  not  only  in  leaves  or  foliages*  but  in  rosettes,  heads^  and  other  fancif ui 
ornaments. 

CyelMtyle.  A  structure  compowari  of  a  circular  range  of  nnhimns  without  a 
core  is  cydostylar;  with  a  core,  the  range  would  bo  a  periatyle.  This  is  the  epe- 
des  of  edifice  called  by  Vitruvius  monopteraL 

Cyma.  The  name  of  a  molding  of  very  frequent  use.  It  is  a  simple,  waved 
Uoe,  concave  at  one  end  and  convex  at  the  other,  like  aa  r**-*"^"*""-' — i 
Italic  /.    When  the  concave  part  is  uppermost  it  is  called    "\  } 

a  cyma  recta,  but  if  the  convexity  appear  above,  and  the       \    ;     ■ j 

concavity  below,  ft  is  then  a  cyma  reversa.  CYiCA  recta 

Cymmtium.    When  the  crowning  molding  of  an  en-  V  w^,_j^_'l 

tablature  is  of  the  cyma  form,  it  is  termed  the  Cyma-  ^>^    *  MWW  I 
tfum. 

CWA  KEVS8SA 

Cyrtostyle.    A  circular  projecting  portico.    Such  are 
those  of  the  transept  entrances  to  St.  Paul's  Cathedral,  London. 

Dado,  or  Die.  The  vertical  face  of  an  insulated  pedestal  between  the  base 
and  cornice,  or  surbase.  It  is  extended  also  to  the  similar  part  of  all  stereobates 
which  are  arranged  like  pedestals  in  Roman  and  Italian  architecttu^ 

Dais.  A  part  of  the  floor  at  the  end  of  a  niedixval  hall,  raised  a  step  above 
the  rest  of  the  floor.  On  this  the  lord  of  the  mansion  dined  with  hb  friends  at 
the  great  table,  apart  from  the  retainers  and  servants.  In  medieval  halls  there 
wss  generally  a  denp  recessed  bay  window  at  one  or  at  each  end  of  the  daist 
supposed  to  be  for  retirement,  or  greater  privacy  than  the  open  hall  could  afford. 
In  France  the  word  is  imderstood  as  a  canopy  or  hanging  over  a  seat;  probably 
the  name  was  given  from  the  fact  that  the  seats  of  great  men  were  then  sur- 
mounted by  such  an  ornament. 

Darby.  A  flat  tool  used  by  plasterers  in  working,  especially  on  ceilings.  It 
is  generally  about  seven  inches  wide  and  forty-two  inches  long,  with  two  handles 
on  the  back. 

Ptcaatyle.    A  portico  of  ten  columns  m  front. 

Decorated  Style.  The  second  stage  of  the  Pointed  or  Gotluc  style  of  archi- 
tecture, considered  the  most  complete  and  perfect  development  of  Gothic  archi- 
tecture, the  best  examples  of  which  are  found  in  England. 

Demi-metope.  The  half  of  a  metope,  which  is  found  at  the  retiring  or  pro- 
jecting angles  of  a  Doric  frieze. 

DentU.  The  cogged  or  toothed  member,  common  In  the  bed-mold  of  a  Corin- 
thian enublature,  is  said  to  be  dentiled,  and  cadi  cog  or  tooth  is  called  a  dentil. 

Depressed  Archea,  or  Drop  Arches.    Those  of  less  pitch  than  the  equilateral. 

Design.  The  plans,  elevations,  sections,  and  whatever  other  drawings  may 
be  necessary  for  an  edifice,  exhU)it  the  design,  the  term  plan  having  a  restricted 
application  to  a  technical  portion  of  the  design. 
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Detail.  As  used  by  architecta,  detatt  mcftnt  the  sottaller  ptrti  ibto  winch  a 
compoaitkm  may  be  divided.  It  is  iqiplied  generally  to  iwiMingB  and  otlicr 
cxuichmentfl,  and  again  to  their  minutifl. 

Diameter.  The  line  in  a  drde  pasamg  through  its  center,  or  thidtest  part, 
which  gives  the  measure  proportioning  Uie  hitercoiumniation  in  some  of  the 
orders. 

Diameters.  The  diameters  of  the  Iowct  and  upper  ends  of  the  shaft  of  a 
oohmm  are  called  its  inferior  and  BOperior  diameten,  respectively;  thef(«meris 
the  greatest,  the  Utter  the  least  diameter  of  the  shaft. 

Diaper.  A  method  of  decorating  a  wall,  panel,  stained  glass,  or  any  plate  sur- 
face, by  covering  it  with  a  continuous  design  of  flowers,  rosettes,  etc.,  either  fai 
squares  or  lozenges,  or  some  geometrical  form  resembling  the  pattern  of  a  dia^ 
pered  table-cloth,  from  which,  in  fact,  the  name  is  supposed  by  some  to  have 
been  derived. 

Diastyle.  A  spadoud  fntercolumnlatfon,  to  which  three  diameters  are 
assigned. 

Dipteros.    A  double-winged  temple.    The  Greeks  are  said  to  have  constructed 
temples  with  two  ranges  of  cohums  all  atound,  which  wete  called  dipteral.    A 
portico  projecting  two  odnmna  and  their  interspaces  is  of  dipteral  or  psendo* 
.  dipteral  arrangement. 

Diarharging  Arch.  An  arch  over  the  opeaing  of  a  door  or  window*  to  dis- 
charge or  relieve  the  aoperincnmbent  wei^  from  pressing  on  the  linteL 

Distemper.  Term  applied  to  pamting  with  colors  mixed  with  siae  or  other 
glutinous  substance.  All  the  cartoons  of  the  andents>  previous  to  the  year  1410, 
are  said  to  be  done  in  distemper. 

Distyle.  A  portico  of  two  columns.  This  It  not  generally  apptted  to  the  mem 
porch  with  two  cohimnf,  but  to  describe  a  portico  with  two  columns  in  anii$» 
Ditriglyph.  An  mtercolumniation  in  the  Doric  order,  of  two.triglyphs. 
Dodecaatyle.  A  portico  of  twelve  columns  in  front  The  lower  one  of  the 
west  front  of  St.  Paul's  Cathedral,  London,  is  of  twelve  columns,  but  they  are 
coupled,  making  the  arrangement  pseudo-dodecastyle.  The  Chamber  of  Depu- 
ties in  Paris  has  a  true  dodecastyle. 

Dog-tooth.  A  favorite  enrichment  used  from  the  latter  part  of  tbe  Norman 
period  to  the  early  part  of  the  Decorated.  It  is  in  the  form  of  a  four-leaved 
flower,  the  center  of  which  projects,  and  probably  was  named  from  its  resem- 
blance to  the  dog-toothed  violet. 

Dome.    A  cupola  or  inverted  cup  on  a  building.    The  application  of  tlus  term 
to  its  generally  received  purpose  is  from  the  Italian  custom  of  calling  an  archl- 
episcopal  church,  by  way  of  eminence,  H  Duomo,  the  temple;  for  to  one  of  that 
rank,  the  Cathedral  of  Florence,  the  cupola  was  first  applied  in  modem  pmctice. 
The  Italians  themselves  never  call  a  cupohi  a  dome;  it  is  on  tins  side  of  the  Alps 
the  application  has  arisen,  from  the  drcomstance,  it  would  appear,  that  the  Ital* 
ians  use  the  term  with  reference  to  those  structures  whose  most  distinguishing 
feature  is  the  cupola,  tholus,  or  (as  we  now  call  it)  dome. 
Domestic  Architecture.    That  branch  which  relates  to  private  buildings. 
Donjoa.    The  prindpal  tower  of  a  castle,  generally  mnfajning  the  priaoo. 
Door  Frame.    The  surrounding  case  into  and  out  of  which  the  door  shuts  and 
opens.    It  consists  of  two  upright  pieces,  called  jambs,  and  a  head,  generally  fixed 
together  by  mortices  and  tenons,  and  wrought,  rebated,  and  beaded. 
Doric  Order.    The  oldest  of  the  three  orders  of  Gredan  ardntecture. 

le 


y  Google 


1732  GbssaO" 

Donner  Window.  A  window  belonging  to  a  room  in  a  roof,  which  conse- 
quently projects  from  it  with  a  valley  gutter  on  each  side.  They  are  said  not  to 
be  earUer  than  the  fourteenth  century.  In  Germany  there  are  often  several  rows 
of  dormers^  one  above  the  other.  In  Italian  Gothic  they  are  very  rare;  in  fact, 
the  former  have  an  unusually  steep  roof,  while  in  the  latter  country,  where  the 
Italian  tile  b  used,  the  roofs  are  rather  flat. 

Dormitory.  A  room,  suite  of  rooms,  or  building  used  to  sleep  in.  The  name 
was  first  applied  to  the  place  where  the  monks  slept  at  night.  It  was  sometimes 
one  long  room  like  a  barrack,  and  sometimes  divided  into  a  succession  of  small 
chambers  or  ceUs.  The  dormitory  was  generally  on  the  first  floor,  and  connected 
with  the  chiuxh,  so  that  it  was  not  necessary  to  go  out-of-doors  to  attend  the 
nocturnal  services.  In  the  large  houses  of  the  Perpendicular  period,  and  also  in 
some  of  the  Elizabethan,  the  entire  upper  story  in  the  roof  formed  one  large 
apartment,  said  to  have  been  a  place  for  exercise  in  wet  weather,  and  also  for  a 
dormitory  for  the  retainers  of  the  household,  or  those  of  visitors. 

Double  Vault.  Formed  by  a  duplicate  wall;  wine  cellars  are  sometimes  so 
formed. 

Dovetailing.  In  carpentry  and  joinery,  the  method  of  fastening  boards  or 
other  timbers  together,  by  letting  one  piece  into  another  in  the  form  of  the 
expanded  tail  of  a  dove. 

Dowel.  A  pin  let  into  two  pieces  of  wood  or  stone,  where  they  are  joined 
together.  A  piece  of  wood  driven  into  a  wall  so  that  other  pieces  may  be  nailed 
to  it.    This  is  also  called  plugging. 

Draw-bridge.  A  bridge  made  to  draw  up  or  let  down,  much  used  in  fortified 
places.  In  navigable  rivers,  the  arch  over  Uie  deepest  channel  is  made  to  draw 
or  revolve,  in  order  to  let  the  masts  of  ships  pass  through. 

Drawings-room.  A  room  appropriated  for  the  reception  of  company;  a  room 
to  which  company  withdraws  from  the  dining-room. 

Dreaser.    A  cupboard  or  set  of  shelves  to  receive  dishes  and  cooking  utensils. 

Dresaing.  Is  the  operation  of  squaring  and  smoothing  stones  for  building; 
also  applied  to  smoothing  lumber. 

Dreaaing-room.    An  apartment  appropriated  for  dressing  the  person. 

Drip.  A  name  given  to  the  member  of  a  cornice  which  has  a  projection 
beyond  the  other  parts  for  throwing  off  water  by  small  portions,  drop  by  drop. 
It  is  also  called  Larmier. 

Drip-atone.  The  label  molding  which  serves  on  a  canopy  for  an  opening, 
and  to  throw  off  the  rain.    It  is  also  called  Weather  Molding. 

Drop-acene.  A  curtain  suspended  by  pulleys,  which  descends  or  drops  in 
front  of  the  stage  in  a  theater. 

Drum.  The  upright  part  of  a  cupola  over  a  dome;  also,  the  solid  part  or  vase 
of  the  Corinthian  and  Composite  capitals. 

Dry-rot.  A  rapid  decay  of  timber,  by  which  its  subst^cc  is  converted  into 
a  dry  powder,  which  issues  from  minute  cavities  resembling  the  borings  of 
worms. 

Dungeon.  The  prison  in  a  castle  keep,  so  called  because  the  Norman  name 
for  the  latter  is  donjon,  and  the  dungeons,  or  prisons,  are  generally  in  its  lowest 
story. 

Dwarf  Wall.    The  walls  enclosing  courts  above  which  are  railings  of  iron; 

low  walls,  in  general,  receive  this  name. 
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Eaves.  In  slating  and  shingling,  the  margin  or  lower  part  of  the  slating 
hanging  over  the  wall,  to  throw  the  water  ofif  from  the  masonry  or  brickwork. 

Echinus.  A  molding  of  eccentric  curve,  gener- 
ally cut  (when  it  is  carved)  into  the  forms  of  eggs 
and  anchors  alternating,  whence  the  molding  is 
called  by  the  name  of  the  more  conspicuous.    It  is  echinus 

the  same  as  Ovolo. 

Edifice.  '  Is  synonymous  with  the  terms  building,  fabric,  erection,  but  is 
more  strictly  applicable  to  architecture  distinguished  for  size,  dignity,  and 
grandeur. 

Efflorescence.  In  architecture,  the  formation  of  a  whitish  loose  powder,  or 
crust,  on  the  surface  of  stone  or  brick  walls. 

Egyptisn  Architecture^  The  earliest  civilization  and  cultivation  of  the  arts 
was  in  Upper  Egypt.  The  most  remarkable  and  most  ancient  monuments  of  the 
Egyptians,  with  the  exception  of  the  pyramids,  are  nearly  all  included  in  Upper 
Egypt.  The  buildings  of  Egypt  are  characterized  by  solidity  and  massiveness 
of  construction,  originality  of  conception,  and  boldness  of  form.  The  walls,  the 
pillars,  and  the  most  sacred  places  of  their  religious  biuldings  were  ornamented 
with  hierogbrphics  and  symbolical  figures,  while  the  ceilings  of  the  porticos 
exhibited  zodiacs  and  celestial  planispheres.  The  temples  of  Egypt  were  gener- 
ally without  roofs,  and,  consequently,  the  interior  colonnades  had  no  pediments, 
supporting  merely  an  entablature,  composed  of  only  architrave,  frieze,  and 
cornice,  formed  of  immense  blocks  united  without  cement  and  ornamented  with 
hieroglyphics. 

Element.  The  outline  of  the  design  of  a  Decorated  window,  on  which  the 
centers  for  the  tracery  are  formed.  These  centers  will  all  be  foimd  to  fall  on 
points  which,  in  some  way  or  other,  will  be  equimultiples  of  parts  of  the  openings. 
To  draw  tracery  well,  or  understand  even  the  principles  of  its  composition,  much 
attention  should  be  given  to  the  study  of  the  element. 

Elevation.  The  front  facade,  as  the  French  term  it,  of  a  structure;  a  geo- 
metrical drawing  of  the  external  upright  parts  of  a  building. 

Embattlement    An  indented  parapet;  battlement. 

Emblazon.    To  adorn  with  figures  of  heraldry,  or  ensigns  armorial. 

Embossing.  Sculpture  in  rilievo,  the  figures  standmg  partly  out  from  the 
plane. 

Embrasure.  The  opening  in  a  battlement  between  the  two  raised  solid  por- 
tions or  merlons,  sometimes  called  a  crenelle. 

Encaustic.  Pertaining  to  the  art  of  burning  in  colors,  applied  to  painting  on 
glass,  porcelain,  or  tiles,  where  colors  are  fixed  by  heat;  hence,  encaustic  tiles, 
bricks,  etc 

Engaged  Columns.  Are  those  attached  to,  or  built  into  walls  or  piers»  a 
portion  being  concealed. 

Enrichment  The  addition  of  ornament,  carving,  etc.,  to  plain  work;  decora- 
tion; embellishment. 

Ensemble.  Means  the  whole  work  or  composition  considered  together,  and 
not  in  parts. 

Entablature.  The  assemblage  of  parts  supported  by  the  column.  It  con- 
sists of  three  parts:  the  architrave,  frieze,  and  cornice. 

Entail.    In  Gothic  architecture,  delicate  carving. 
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Bnttni.  Tbe  sw^ng  ol  a  column,  etc.  In  mediieval  architecture,  some 
spirea,  particularly  tboM  called  "broach  spires"  have  a  slight  swelUng  in  the 
sides*  but  no  more  than  to  make  them  look  straight;  for,  from  a  particular 
"deceptio  visua»"  that  which  is  quite  straight,  when  viewed  at  a  height,  looks 
hollow. 

Entry.    A  hall  without  stairs  or  vestibule. 

EpistyU.  This  term  may  with  propriety  be  applied  to  the  whole  entahUture, 
with  which  it  ia  synonymous;  but  it  i»  regtrictcd  in  use  to  the  ajrchitnve,  or 
lowest  member  of  the  entablature. 

Escutcheon.  (Her.)  The  field  or  ground  on  which  a  coat-of-arms  is  repre- 
sented. (Arch.)  The  shields  used  on  tombs,  in  the  spandrels  of  doors,  or  m 
string-courses;  also,  the  ornamented  plates  from  the  centre  of  which  door  rings, 
knockers,  etc.,  are  suspended,  or  which  protect  the  wood  of  the  key-hole  from 
the  wear  of  the  key.  In  mediaeval  times  these  were  often  worked  in  a  very 
beautiful  manner. 

Etching.  A  mode  of  engraving  on  glass  or  metal  (generally  copper)  by  means 
of  linei^  eaten  in  or  corroded  by  means  of  some  strong  add. 

Btiftyle.  A  species  of  intercolumniatlon  to  which  a  proportion  of  two  diam* 
eters  and  a  quarter  is  assigned.  This  term,  together  with  the  others  of  similar 
import  --^  pycnostyle,  systyle,  diastyle,  and  aneostyle  —-  referring  to  the  distance 
of  columns  from  one  another  in  composition,  is  from  Vitruvius,  who  assigns  to 
each  the  space  it  is  to  express.  It  will  be  seen,  however,  by  reference  to  them 
individually,  that  the  words  themselves,  though  perhaps  sufficiently  applic- 
able convey  no  idea  of  an  exactly  defined  space,  and,  by  reference  to  the 
columnar  structures  of  the  sndents,  that  no  attention  was  paid  by  them  to 
such  limitations.  It  follows,  then,  that  the  proportions  assigned  to  each  are 
purdy  conventional,  and  may  or  may  not  be  attended  to  without  vitiating  the 
power  of  applying  the  terms.  Eustyle  means  the  best  or  most  beautiful  ar- 
rangement; but,  as  the  effect  of  a  columnar  composition  depends  on  many 
things  besides  the  diameter  of  the  columns,  the  same  proportioned  inter- 
columniatlon would  look  wdl  or  Ul  according  to  those  other  circumstances, 
so  that  the  limitation  of  Eustyle  to  two  diameters  and  a  quarter  is  absurd. 

Eztrados.  The  exterior  or  convex  curve  forming  the  upper  Une  of  the  arch 
stones;  the  term  is  opposed  to  the  hitrados,  or  concave  side. 

Bye  of  a  Dome.    The  aperture  at  its  summit. 

Eye  of  H  Volute.    The  drcle  in  its  center, 

Fa^de,  or  Face.  The  whole  exterior  side  of  a  building  that  can  be  seen  at 
one  view;  strictly  speaking,  the  prindpal  front. 

Face  Mold.  The  pattern  for  marking  the  plank  or  board  out  of  which 
ornamental  hand-railings  for  stairs  and  other  works  are  cut. 

Fan  Tracery.  The  very  complicated  mode  of  roofing  used  hi  the  Perpen- 
dicular style,  in  which  the  vault  is  covered  by  ribs  and  veins  of  tracery. 

Fascia.  A  flat,  broad  member  in  the  entablature  of  columns  or  other  parts  of 
buildings,  but  of  small  projection.  The  architraves  in  some  of  the  orders  are 
oompOAed  of  three  bands,  or  fasdao;  the  Tuscan  and  the  Doric  ought  to  have  only 
one.  Ornamental  projections  from  the  walls  of  brick  buildings  over  any  of  the 
windows,  except  the  uppezmost,  are  called  Fasds. 

Fenestral.  A  frame,  or  '* chassis,"  on  which  oiled  paper  or  thin  doth  was 
strained  to  keep  out  wind  and  rain  when  the  windows  were  not  glaxed. 
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Festoon.    Aq  qnuuneBt  of  carved  work,  rcfireseating  «  wreatjii  or  garbuid  of 
flowers  or  leaver  or  both,  interwoven  with  each 
other.    It  U  thickest  in  the  middle,  and  small  ^ 
at  each  extremity,  where  it  is  tied,  a  part  often 
hanging  down  below  the  knot. 

Fillet  A  narrow  vertical  band  or  Kstel  of 
frequent  use  in  congeries  of  moldings,  to  sepa- 
rate and  combine  them,  and  also  to  give  breadth 
and  tonqess  to  the  upper  edge  of  a  crowning 
cyma  or  cavetto,  as  in  an  external  oomice.  The  narrow  slips  or  breadth  between 
the  flutes  of  Corinthian  and  Ionic  columns  are  also  called  fillets.  In  medieval 
work  the  fillet  is  a  small,  flat,  projecting  square,  chiefly  used  to  separate  hollows 
and  rounds,  and  often  found  in  the  outer  parts  of  shafts  and  boutels.  In  this 
situation  the  center  fillet  has  been  termed  a  keel,  and  the  two  side  ones,  wings; 
but,  apparently,  this  is  not  an  ancient  usage. 

Finisl.    The  flower,  or  bunch  of  flowers,  with  which  a  spire,  pinnacle,  gablet, 
canopy,  etc.,  generally  terminates.    Where  there  are 
crockets,  the  finial  generally  bears  as  close  a  resem- 
blance as  possible  to  them  in  point  of  design.    They 
are  found  in  early  work  where  there  are  no  crockets. 
The  simplest  form  more  resembles  a  bud  about  to  ' 
burst  than  an  open  flower.    They  soon  became  more 
elaborate,  as  at  Lincoln,  and  still  more,  as  at  West- 
minster and  the  H6tel  Cluny  at  Paris.    Many  per- 
pendicular finials  are  like  four  crockets  bound  to- 
gether.   Almost  every  known  example  of  a  finial  has  finuls 
a  sort  of  necking  separating  it  from  the  parts  below. 

Fiah-joint  A  splice  where  the  pieces  are  joined  butt  end  to  end,  and  are  con- 
nected by  pieces  of  wood  or  iron  placed  on  each  side  and  firmly  bolted  to  the 
timbers,  or  pieces  joined. 

FUgs.    Flat  stones,  from  i  to  3  biches  thick,  for  floors. 

FUupboyant.  A  name  applied  to  the  Third  Pointed  style  in  France,  which 
seems  to  have  been  developed  from  the  Second,  as  the  English  Perpendicular  was 
from  the  Decorated.  The  great  characteristic  is,  that  the  element  of  the  tracery 
flows  upward  in  long  wavy  divisions  like  flames  of  fire.  In  most  cases,  also,  every 
division  has  only  one  cusp  on  each  side,  however  long  the  division  may  be.  The 
moldings  seera  to  be  as  much  inferior  to  those  of  the  preceding  penod  as  the 
Perpendicular  moldings  were  to  the  Early  English,  a  fact  which  seems  to  show 
that  the  decadence  of  Gothic  architecture  was  not  confined  to  one  countiy. 

Flange.  A  projecting  edge,  rib,  or  rim.  Flanges  are  often  cast  on  the  top  or 
bottom  of  iron  columns^  to  fasten  them  to  those  above  or  below;  the  top  and 
bottom  of  {'beams  and  channels  are  called  the  flange. 

FlMkinga.  Pieces  of  lead,  tin,  or  copper,  let  into  the  joints  of  a  wall  so  as  to 
lap  over  gutters  or  other  pieces;  also,  pieces  worked  in  the  slates  or  shingles 
around  dormers,  chimneys,  and  any  rising  part,  to  prevent  leaking. 

Flatting.    Painting  finished  without  leaving  a  gloss  on  the  surface. 

flMie*  A  general  tenn  in  French  architecture  for  a  spire,  but  more  par- 
ticuhu-ly  used  for  the  small,  slender  erection  rising  from  the  intersection  of 
the  nave  and  transepts  in  cathedrals  and  large  churches,  and  carrying  the 
sanctus  bell. 

Fleur-de-lia.    The  royal  insignia  of  France,  much  used  in  decoration. 
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Flight    A  run  of  steps  or  stairs  from  one  landing  to  another. 

Floating.  The  equal  spreading  of  plaster  or  stucco  on  the  surface  of  walls, 
by  means  of  a  board  called  a  float;  as  a  rule,  only  rough  plastering  is  floated. 

Floriated.    Having  florid  ornaments,  as  in  Gothic  pillars. 

Fltte.  The  space  or  passage  in  a  chimney  through  which  the  smoke  ascends. 
Each  passage  is  called  a  flue,  while  all  together  make  the  chimney. 

Flash*    The  continued  surface,  in  the  same  plane,  of  two  contiguous  masses. 

Flute.  A  concave  channel.  Columns  whose  shafts  are  channded  are  said 
to  be  fluted,  and  the  flutes  are  collectively  called  Flutings. 

Flying  Battress.  An  arched  buttress  used  when  extra  strength  was  required 
for  the  upper  part  of  the  wall  of  the  nave,  etc.,  to  resist  the  outward  thrust  of  a 
vaulted  ceiling.  The  flying  buttress  generally  rests  on  the  wall  and  buttress  of 
the  aisle. 

Foils.    The  small  arcs  in  the  tracery  of  Gothic  windows,  panels,  etc 

Foliage.    An  ornamental  distribution  of  leaves  on  various  parts  of  buildings. 

Foliation.    The  use  of  small  arcs  or  foils  in  forming  tracery. 

Font.  The  vessel  used  in  the  rite  of  baptism.  The  earliest  extant  is  supposed 
to  be  that  in  which  Constantine  is  said  to  have  been  baptized:  this  is  a  porphyry 
labrum  from  a  Roman  bath.  Those  in  the  baptisteries  in  Italy  are  all  large,  and 
were  intended  for  immersion;  as  time  went  on,  they  seem  to  have  become 
smaller.  Fonts  are  sometimes  mere  plain  hollow  cylinders,  generally  a  little 
smaller  below  than  above;  others  are  massive  squares,  supported  on  a  thick  stem, 
round  which  sometimes  there  are  smaller  shafts.  In  the  Early  English  this  form 
is  still  pursued,  and  the  shafts  are  detached;  sometimes,  however,  they  are  hex- 
agonal and  octagonal,  and  in  this  and  the  later  styles  assume  the  form  of  a  vessel 
on  a  stem.  Norman  fonts  frequently  have  curious  carvings  on  them,  approach- 
ing the  grotesque;  in  later  times  the  foliages,  etc.,  partook  absolutely  of  the 
character  of  those  used  in  other  architectural  details  of  their  respective  periods. 
The  font  in  European  churches  is  usually  placed  ckiae  to  a  pillar  near  the  en- 
trance, generally  that  nearest  but  one  to  the  tower  in  the  south  arcade;  or,  in 
large  buildings,  in  the  middle  of  the  nave,  opposite  the  entrance  porch,  and 
sometimes  in  a  separate  building.  In  Protestant  churches  in  this  country,  the 
font  is  generally  placed  inside  the  communion  rail,  or  on  the  steps  of  the  chanceL 

Footings.  The  spreading  courses  at  the  base  or  foundation  of  a  wall.  When 
a  layer  of  different  material  from  that  of  the  wall  (as  a  bed  of  concrete)  is  used. 
It  is  called  the  Footing. 

Foundation.  That  part  of  a  building  or  wall  which  is  bdow  the  surface  of 
the  ground. 

Foxtail  Wedging.  Is  a  peculiar  mode  of  mortising,  in  which  the  end  of  the 
tenon  is  notched  beyond  the  mortise,  and  is  split  and  a  wedge  inserted,  which, 
being  forcibly  driven  in,  enlarges  the  tenon  and  renders  the  joint  firm  and  im- 
movable. 

Frame.  The  name  given  to  the  wood-work  of  windows,  doors,  etc.;  and  in 
carpentry,  to  the  timber  works  supporting  floors,  roofs,  etc. 

Framing.  The  rough  timber  work  of  a  house,  including  the  flooring,  roofing, 
partitioning,  ceiling,  and  beams  thereof. 

Freestone.  Stone  which  can  be  used  for  moldings,  tracery,  and  other  work 
required  to  be  executed  with  the  chisel.  *  The  odlitic  and  sandstones  are  those 
generally  included  by  this  tenn. 
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Fresco.  The  method  of  pamtbg  on  a  wall  while  the  plastering  is  wet.  The 
color  penetrates  through  the  material,  which,  therefore,  will  bear  rubbing  or  clean- 
ing to  almost  any  extent.  The  transparency,  the  chiaro-oscuro,  and  lucidity,  as 
well  as  force,  which  can  be  obtained  by  this  method,  cannot  be  conceived  unless 
the  frescos  of  Fra  Angelico  or  Raphael  are  studied.  The  word,  however,  is  often 
applied  improperly  to  painting  on  the  surface  in  distemper  or  body  color,  mixed 
with  size  or  white  of  egg,  which  gives  an  opaque  effect. 

Fret.  An  ornament  consisting  of  small  fillets  inter- 
secting each  other  at  right  angles. 

Frieze.  That  portion  of  an  entablature  between  the 
cornice  above  and  architrave  below.  It  derives  its 
name  from  being  the  recipient  of  the  sculptured  en-  tret 

richments  either  of  foliage  or  figures  which  may  be 
relevant  to  the  object  of  the  sculpture.    The  frieze  is  also  called  the  Zodphorus. 

Frigidarittiii.    An  apartment  in  the  Roman  bath,  supplied  with  cold  water. 

Furniture.  A  name  given  to  the  metal  trinunings  of  doors,  vrindows,  and 
other  similar  parts  of  a  house.  In  this  country  the  word  '* hardware"  is  more 
generally  used  to  denote  the  same  thing. 

Furxings.  Flat  pieces  of  timber  used  to  bring  an  irregular  framing  to  an  even 
surface. 

Gable.  When  a  roof  is  not  hipped  or  returned  on  itself  at  the  ends,  its  ends 
are  stopped  by  carrying  up  the  walls  imder  them  in  the  triangular  form  of  the 
roof  itself.  This  is  called  the  gable,  or,  in  the  case  of  the  ornamental  and  orna- 
mented gable,  the  pediment.  Of  necessity,  gables  follow  the  angles  of  the  slope 
of  the  roof,  and  differ  in  the  various  styles.  In  Norman  work  they  are  generally 
about  half-pitch;  in  Eariy  English,  seldom  less  than  equilateral,  and  often  more. 
In  Decorated  work  they  become  lower,  and  still  more  so  in  the  Perpendicular 
style.  In  all  important  buildings  they  are  finished  with  copings  or  parapets.  In 
the  Later  Gothic  styles  gables  are  often  surmounted  with  battlements,  or  enriched 
with  crockets;  they  are  also  often  paneled  or  perforated,  sometimes  very  richly. 
The  gables  in  ecclesiastical  buildings  are  mostly  terminated  with  a  cross;  in 
others,  by  a  finial  or  pinnacle.  In  later  times  the  parapets  or  copings  were  broken 
into  a  sort  of  steps,  called  corbie  steps.  In  buildings  of  less  pretension  the  tiles 
or  other  roof  covering  passed  over  the  front  of  the  wall,  which  then,  of  course, 
had  no  coping.  In  this  case,  the  outer  pair  of  rafters  were  concealed  by  molded 
or  carved  verge  boards. 

Gable  '^Hndow.  A  term  sometimes  applied  to  the  large  window  under  a  gable, 
but  more  properly  to  the  windows  in  the  gable  itself. 

Gabled  Towers.  Those  which  are  finished  with  gables  instead  of  parapets. 
Many  of  the  German  Romanesque  towers  are  gabled. 

Gablets.  Triangular  terminations  to  buttresses,  much  in  use  in  the  Early 
English  and  Decorated  periods,  after  which  the  buttresses  generally  terminate  in 
pinnacles.  The  Early  English  gablets  are  generally  plain,  and  very  sharp  in 
pitch.  In  the  Decorated  period  they  are  often  enriched  with  paneling  and 
crockets.  They  are  sometimes  finished  with  small  crosses,  but  oftener  with 
finials. 

Gain.  A  beveled  shoulder  on  the  end  of  a  mortised  brace,  for  the  purpose  of 
giving  additional  resistance  to  the  shoulder. 

Gallery.  Any  long  passage  looking  down  into  another  part  of  a  building,  or 
into  the  court  outside.  In  like  manner,  any  stage  erected  to  carry  a  rood  or  an 
organ,  or  to  receive  spectators,  was  latterly  called  a  gallery,  though  originally 
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loft.    In  later  times  the  name  was  given  to  any  very  long  rooms,  partictilarly 
those  intended  for  purposes  of  state,  or  for  the  exhibition  of  pictures. 

Gambral  Roof.    A  roof  with  two  pitches,  similar  to  a  mansard  or  curb  roof. 

Gargoyle,  or  Gurgoyle.    The  carved  termination  ^s 

to  a  qx>ut  whid)  conveyed  away  the  water  from  the 
gutters,  supposed  to  be  called  so  from  the  gUrgUng 
noise  made  by  the  water  passing  through  it.  Gar- 
goyles are  mostly  grotesque  figures. 

Gfttd-h0tt8e»  A  building  forming  the  entrance  to  i 
a  town,  the  door  of  an  abbey,  or  the  enceinte  of  a 
castle  or  other  important  edifice.  They  generally  had 
a  large  gateway  protected  by  a  gate,  and  also  a  port- 
cullis, over  which  were  battlemented  parapets  with 
holes  (machicolations)  for  throwing  down  darts,  melted 
lead,  or  hot  sand  on  the  bedegers.  Gate-houses 
always  had  a  lodge,  with  apartments  for  the  porter,  gasgoyle 

and  guard-raoms  for  the  soldierst   and,  generally, 

rooms  over  for  the  officers,  and  often  places  for  pKaonefs  be&eath.    The  Mttte  is 
now  commonly  applied  to  the  gate-keep^'s  lodge  on  large  estatea. 

Gauge.  To  mbc  plaster  of  Paris  with  common  plaster  to  make  it  set  QOidt, 
called  gauged  mortar.  A  tool  uaed  by  carpeaten,  to  strike  a  line  parallel  to  the 
edge  of  a  board. 

Girder.  A  large  timber  or  Iron  beam,  either  single  or  built  up,  used  to  sup- 
port joists  or  walls  over  an  o^iening. 

Glypll.    A  vertical  channel  in  a  frieze. 

Gothic  Style.  The  name  of  Gothic  was  given  to  the  various  Medieval  styles 
at  a  period  in  the  sixteenth  century  when  a  great  classic  revival  was  going  on, 
and  everything  not  classic  was  considered  barbarian,  or  Gothic  The  term  was 
thus  originally  intended  as  one  of  stigma,  and,  although  it  conveys  a  false  idea  of 
the  character  of  the  Medixval  styles,  it  has  long  be«i  used  to  distinguish  them 
from  the  Grecian  and  Roman.  The  true  principle  of  Gothic  architecture  is  the 
vertical  division,  relation  and  subordination  of  the  different  parts,  distinct  and 
yet  at  unity  with  each  other,  and  while  this  principle  was  adhered  to,  Gothic 
architecture  may  be  said  to  have  retained  its  vitality. 

Grange.  A  word  derived  from  the  French,  signifying  a  laise  barn  or  grunry. 
Granges  were  usually  long  buildings  with  high  wooden  roofs,  sometimes  divided 
by  posts  or  columns  into  a  sort  of  nave  an4  aisles,  with  waUs  strongly  buttressed. 
In  England  the  term  was  applied  not  only  to  the  bams,  but  to  the  whole  of  the 
buildings  which  formed  the  detached  farms  belonging  to  the  monasteries;  in 
most  cases  there  was  a  chapel  either  included  among  these  or  standing  apart  as  a 
separate  edifice. 

Grillage.  A  framework  of  beams  laid  longitudinally  and  crossed  by  am!Iar 
beams  notched  upon  them,  used  to  sustain  walls  to  prevent  irregular  setting. 

Grille.  The  iron- work  forming  Uie  enclosure  screen  to  a  chapel,  or  the  pro- 
tecting railing  to  a  tomb  or  shrine;  more  commonly  found  in  France  than  in 
England.  They  are  of  wrought  iron,  ornamented  by  the  swage  and  punch,  and 
put  together  either  by  rivets  or  clips.  In  modem  times  grilles  are  uaed  exten- 
sively for  protecting  the  lower  windows  in  city  houses,  also  the  glass  opening  in 
outside  doors. 

Groin.  By  some  described  as  the  line  of  btersection  of  two  vaults  where  they 
"toss  each  other,  which  others  call  the  groin  point;  by  others  the  carved  section 
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or  ipandrei  of  such  vaulting  is  called  a  groin,  and  by  others  the  whole  system  of 
vaulting  is  so  named. 

Oroin  Atth.  The  cross-rib  in  the  later  styles 
of  gtobing,  passing  at  right  angles  from  wall  to 
wall,  and  dividing  the  vault  into  bays  or  travees. 

Groin  Ceiling.     A  ceiling  to  a  building  com- 
posed of  oak  ribs,  the  spandrels  of  which  are  filled  ^ 
in  with  narrow,  thin  slips  of  wood.     There  are  ' 
several  in  England;  one  at  ^e  Early  English  church 
at  Warmington,  and  one  at  Winchester  Cathedral, 
)        exactly  resembling  those  of  stone. 

Groin  Centring.    In  groining  without  ribs>  the 
whole   surface   is   supported   by   centring   during 
,        the  erection  of  the  vaulting.    In  ribbed  work  the        groined  vaulting 
^       stone  ribs  only  are  supported  by  timber  ribs  during 

the  progress  of  the  work,  any  light  stuff  being  used  while  filling  in  the  spandteb. 

Groin  Point.    The  name  given  by  workmen  to  the  arris  or  line  of  intersection 
of  one  vault  with  another  where  there  are  no  ribs. 

Groin  Rib.    The  rib  which  conceals  the  groin  point  or  jointS)  where  the  span- 
drels intersect. 

Groined  Vaulting.    The.  ^stem  of  covering  a  building  with  stone  vaults 

which  cross  and  intersect  each  other,  as  opposed  to  the  barrel  vaulting,  or  scries 

of  arches  i>laced  side  by  side.    The  earliest  groins  are  plain,  without  any  ribs, 

except  occasionally  a  sort  of  wide  band  from  wall  to  wall,  to  strengthen  the  con- 

stnictidQ.    In  later  Norman  times  ribs  were  added  on  the  line  of  intferBection  of 

the  spandrels,  crossing  each  other,  and  having  a  boss  as  a  key  common  to  both; 

these  ribs  the  French  authors  call  Mer/r  «»  ogive*    Their  intrxxiuction,  however, 

caused  an  entire  change  in  the  system  of  vaulting;  instead  of  arches  of  imiform 

thickness  and  great  weight,  these  ribs  were  first  put  up  as  the  main  construction, 

and  spandrels  of  the  lightest  and  thinnest  possible  material  placed  upon  them,  the 

haunches  only  being  loaded  sufficiently  to  counterbalance  the  pressure  from  the 

crownw    Shortly  after,  half-ribs  against  the  walls  (formerets)  were  introduced  to 

carry  the  spandlrek  without  cutting  into  the  walling,  and  to  add  to  the  appearance. 

The  work  was  now  not  treated  as  continued  vaulting,  but  as  divided  into  bays, 

^^      and  it  was  formed  by  keeping  up  the  o^ve,  or  intersecting  ribs  and  their  bosses; 

a  sort  of  construction  having  some  affinity  to  the  dome  was  formed,  which  added 

■.;^'''\    much  to  the  strength  of  the  groining.    Oi  course,  the  top  of  the  soffit  or  ridge  of 

.  ^-"    the  vault  was  not  horizontal,  but  rose  from  the  level  of  the  top  of  the  formeret-rib 

to  the  boss  and  fell  again;  but  this  couM  not  be  perceived  from  betow.    As  this 

system  of  construction  got  more  into  use,  and  as  the  vaults  were  required  to  be  of 

'.;r '     ^eater  span  and  of  higher  pitch,  the  spandrels  became  larger,  and  required  more 

.V     support.    To  give  this,  another  set  of  ribs  Was  introduced,  passing  from  the 

springers  of  the  ogive  ribs,  and  going  to  about  half-way  between  these  and  the 

^  .-^  ogive,  and  meeting  on  the  ridge  of  the  vault;  these  intermediate  ribs  are  called 

^  yv/  by  the  French  liercerons,  and  began  to  come  into  use  in  the  transition  from  Early 

^■'^^  En^Bsh  to  t>ecorated.    About  the  same  period  a  system  of  vaulting  came  into 

•  i  -"    use  called  hexpartile,  from  the  fact  that  every  bay  is  divided  into  six  compart- 

jTi^    ,  ments  instead  of  four.    It  was  invented  to  cover  the  naves  of  churches  of  unusual 

,  i»^" '  width.    The  filling  of  the  spandrels  in  this  style  is  very  peculiar,  and,  where  the 

^-r>  .different  compartments  meet  at  the  ridge,  some  pieces  of  harder  stone  have 

^^^'  been  used,  which  give  rather  a  pleasing  dfect.    The  arches  against  the  wall, 

being  of  smaller  span  than  the  main  arches,  cause  the  centre  springers  to  be  per- 

(^^\^.  Digitized  by  Google 
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pendicular  and  parallel  for  some  height,  and  the  spandrds  themselves  axe  very 
hollow.  As  styles  progressed,  and  the  desire  for  greater  richness  increased, 
another  series  of  ribs,  called  liemes,  was  Introduced;  these  passed  crossways  from 
the  ogives  to  the  Hercerons,  and  thence  to  the  doiMeaux,  dividing  the  q>andrels 
nearly  horizontally.  These  various  systems  increased  in  the  PeipendicuJar 
period,  so  that  the  walls  were  quite  a  net-work  of  ribs,  and  led  at  last  to  the 
Tudor,  or,  as  it  b  called  by  many,  fan-tracery  vaulting.  In  this  system  the  ribs 
are  no  part  of  the  real  construction,  but  are  merely  carved  upon  the  vousaoirs, 
which  form  the  actual  vaulting.  Fan  Tracery  is  so  called  because  the  ribs 
radiate  from  the  springen,  and  spread  out  like  the  sticks  of  a  fan.  These  later 
methods  are  not  strictly  groins,  for  the  pendentives  are  not  square  on  plan,  but 
drcuhir,  and  there  is,  therefore,  no  arris  intersection  or  groin  point. 

Groins,  Welsh,  or  Underpltch.  When  the  main  longitudinal  vault  of  any 
groining  is  higher  than  the  cross  or  transverse  vaults  which  run  from  the  windows, 
the  system  of  vaulting  is  called  underpitch  groining,  or,  as  termed  by  the  work- 
men, Welsh  groining.  A  very  fine  example  is  at  St.  George's  Chapd,  Windsor, 
England. 

Groove.  In  joinery,  a  term  used  to  signify  a  sunk  channel  whose  section  is 
rectangular.  It  is  usually  employed  on  the  edge  of  a  molding,  stile,  or  rail, 
etc.,  into  which  a  tongue  corresponding  to  its  section,  and  in  the  substance  of 
the  wood  to  which  it  is  joined,  is  inserted. 

Grotesque.  A  singular  and  fantastic  st^e  of  ornament  found  m  ancient 
buildings. 

Grotto.    An  artificial  cavern. 

Ground  Floor.    The  floor  of  a  bailding  on  a  level,  or  neariy  so,  with  the 
ground. 
Ground  Joist    Jobt  that  is  blocked  up  from  the  ground. 

Grounds.  Pieces  of  wood  embedded  in  the  plastering  of  walls  to  which 
skirting  and  other  joiner's  work  is  attached.  They  are  also  used  to  stop  the 
plastering  around  door  and  window  openings. 

Grouped  Columns.  Three,  four,  or  more  columns  put  together  on  the  same 
pedestal.    When  two  are  placed  together,  they  are  said  to  be  coupled. 

Grout.  Mortar  made  so  thin  by  the  addition  of 
water  that  it  will  run  into  all  the  joints  and  cavities 
of  the  mason-work,  and  fill  it  up  solid. 

Guilloche,  or  Guillochos.  An  interlaced  orna- 
ment like  net-work,  used  most  frequently  to  enrich 
the  torus. 

Gutt«.    The  smaU  cylindrical  drops  used  to  en-  cunux)CHE 

rich  the  mutules  and  regule  of  tiie  Doric  entabla- 
ture are  so  called. 

Gutter.  The  channel  for  carrying  oflf  ram-water. 
The  mediaeval  gutters  differed  little  from  others,  except 
that  they  are  often  hollows  sunk  in  the  top  of  stone 
cornices,  in  which  case  they  are  generally  called  chan-  GUTTJt 

nels  in  English,  and  cheneaux  in  French. 

Gymnasiuni.  A  building  classed  in  the  first  rank  by  the  Greeks;  it  was  m 
them  they  instructed  the  youth  in  all  the  arts  of  peace  and  war;  a  building  for 
athletic  exercises. 
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Hall.  The  principal  apartment  in  the  large  dwellings  of  the  Middle  Ages, 
used  for  the  purposes  of  receptions,  feasts,  etc.  In  the  Norman  castle  the  hall 
was  generally  in  the  keep  above  the  ground  floor,  where  the  retainei^  lived,  the 
basement  being  devoted  to  stores  and  dungeons  for  confining  prisoners.  Later 
halls  —  indeed,  some  Norman  halls  (not  in  castles)  —  are  generally  on  the  ground 
floor,  as  at  Westminster,  approached  by  a  porch  either  at  the  end,  as  in  this  last 
example,  or  at  the  side,  as  at  Guildhall,  London,  having  at  one  end  a  raised  dais 
or  estrade.  The  roofs  are  generally  open  and  more  or  less  ornamented.  In  the 
middle  of  these  was  an  opening  to  let  out  the  smoke,  though  in  later  times  the 
halls  have  large  chinmey-places  with  funnels  or  chimney-shafts  for  this  purpose. 
At  this  period  there  were  usually  two  deeply  recessed  bay  windows  at  each  end 
of  the  dais,  and  doors  leading  into  the  withdrawing-rooms,  or  the  ladies'  apart- 
ments; they  are  also  generally  wainscoted  with  oak,  in  small  panels,  to  the  height 
of  Ave  or  six  feet,  the  panels  often  being  enriched.  Westminster  Hall  was 
originally  divided  into  three  p>arts,  like  a  nave  and  side  aisles,  as  are  some  on  the 
Continent  of  Europe.  A  room  or  passage-way  at  the  entrance  of  a  house,  or 
suite  of  chambers.    A  place  of  public  assembly,  as  a  town-hall,  a  music-hall. 

Halving.    The  junction  of  two  pieces  of  timber,  by  letting  one  into  the  other. 

Hammer  Beam.  A  beam  in  a  Gothic  roof,  not  extending  to  the  opposite 
side;  a  beam  at  the  foot  of  a  rafter. 

Hanging  Biittresa.  A  buttress  not  rising  from  the  ground,  but  supported  on 
a  corbel,  applied  chiefly  as  a  decoration  and  used  only  in  the  Decorated  and 
Perpendicular  style. 

Hf«g*"g  StUe.    Of  a  door,  b  that  to  which  the  hinges  are  fixed. 

Hangings.  Tapestry;  originally  invented  to  hide  the  coarseness  of  the  walls 
of  a  chamber.  Different  materials  were  employed  for  this  purpose,  some  of 
them  exceedingly  costly  and  beautifully  worked  in  figures,  gold  and  silk. 

Hatching.  Drawing  parallel  lines  close  together  for  the  purpose  of  indicat- 
ing a  section  of  anything.  The  lines  are  generally  drawn  at  an  angle  of  45**  with 
a  horizontal. 

Hannchea.  The  sides  of  an  arch,  about  half-way  from  the  springing  to  the 
crown. 

Headers.  In  masonry,  are  stones  or  bricks  extending  over 
the  thickness  of  a  wall.  In  carpentry,  the  large  beam  into 
which  the  common  joists  are  framed  in  framing  openings  for 
stairs,  chimneys,  etc. 

Heading  Courses.  Courses  of  a  wall  in  which  the  stone 
or  brick  are  all  headers. 

Head-way.  Clear  space  or  height  under  an  arch,  or  over 
a  stairway,  and  the  like. 

Heel.  Of  a  rafter,  the  end  or  foot  that  rests  upon  the 
wall  plate. 

Height.  Of  an  arch,  a  line  drawn  from  the  middle  of  the 
chord  to  the  intrados. 

Helix.  A  small  volute  or  twist  like  a  stalk,  representing 
the  twisted  tops  of  the  acanthus,  placed  under  the  abacus  of 
the  Corinthian  capital. 

Hermes.  A  rough  quadrangular  stone  or  pillar,  having 
a  head,  usually  of  Hermes  or  Mercury,  sculptured  on  the 
top,  without  arms  or  body,  placed  by  the  Greeks  in  front  of 
buildings.  HEaiiES 
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Herriac^bone  Work,  Bricka,  Ule,  or  other  matwiak  uran^Qd  diagonally 
in  buikling. 

Hezastyla.    A  portico  of  six  columns  in  front  is  of  this  descr^itioa. 

High  Altar.  The  principal  altar  In  a  cathedral  or  church.  Where  there  b  a 
second,  it  is  generally  at  the  end  of  the  choir  or  chancel,  not  in  the  lady  chapel. 

Hip-kaob.  The  finial  on  the  hip  of  a  roof,  or  between  the  barge  boards  of  a 
gable. 

Hip-roof.  A  roof  which  rises  by  equally  inclined  planes  fixxm  aU  four  sides 
of  the  building. 

Hippodrome.    A  place  appropriated  by  the  ancients  for  equostiian  ewfdses. 

Hip9*  Those  pieces  of  timber  placed  in  an  inclined  position  at  the  comers  or 
angles  of  a  hip-roof. 

Hood-mold.  A  word  used  to  «gnify  the  drip-stone  for  label  over  a  window 
or  door  opening,  whether  inside  or  out. 

Hdtd  da  ViUe.  The  town-hall,  or  guild-hall,  in  France,  Germany,  and 
Northern  Italy.  The  building,  in  general,  serves  for  the  administration  of  justice, 
the  receipt  of  town  dues,  the  regulation  of  markets,  the  residence  of  magbtrates, 
barracks  for  police,  prisons,  and  aU  other  fiscal  purposes.  As  may  be  imagined, 
they  difiFer  very  much  in  different  towns,  but  they  have  almost  invariably 
attached  to  them,  or  closely  adjacent,  a  large  dock-tower  oontaining  one  or 
more  bells,  for  calling  the  people  together  on  spedal  ooca^ons. 

Hdtel  Dieu.  The  name  for  a  hospital  in  mediaeval  times.  In  England  there 
are  but  few  remains  of  these  buildings,  one  of  which  is  at  Dover;  in  France  there 
are  many.  The  most  celebrated  is  the  one  at  Angers,  described  by  Parker. 
They  do  not  seem  to  differ  much  in  arrangement  of  plan  from  those  in  modem 
days,  the  accommodation  for  the  chaplain,  medidne,  nurae%  storei^  etc.,  being 
much  the  same  in  all  ages,  except  that  in  some  of  the  earlier,  instead  of  the  sick 
being  placed  in  long  wards  like  galleries,  as  is  now  done,  they  occupied  large 
buildings,  with  naves  and  side  aisles,  like  churches. 

Hovaiiig.  The  space  taken  out  of  one  solid  to  admit  the  maertion  of  another. 
The  base  on  a  stair  is  generally  housed  into  the  treads  and  risers;  a  niche  for  a 
statue. 

Hypaethros.  A  temple  open  to  the  air,  or  uncovered.  The  term  may  be  the 
more  easily  understood  by  supposing  the  roof  removed  from  over  the  nave  of  a 
church  in  which  columns  or  piers  go  up  from  the  floor  to  the  ceiling,  leaving  the 
aisles  still  covered. 

Hypogea.  Constructions  under  the  surface  of  the  earth,  or  in  the  sides  of  a 
hill  or  mountain. 

Xchnography.  A  horizontal  section  of  a  building  or  other  object,  showing  iu 
true  dimensions  according  to  a  geometric  scale,  a  ground  plan. 

Impluvium.  The  central  part  of  an  ancient  Roman  court,  which  was  un» 
covered. 

Impost  A  term  in  classic  architecture  for  the  horizontal  moldings  of  piers 
or  pilasters,  from  the  top  of  which  spring  the  archivolts  or  moldings  which  go 
round  the  arch. 

In  A&tis.  When  there  are  two  columns  between  the  ants  of  the  lateral  waOa 
and  the  cella. 

Ineise.    To  cut  in;  to  carve;  to  engxave. 

Indeafttd.    Toothed  together. 
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Inlayi&g.  Inaertiox  pieces  of  ivory,  metal,  or  choice  woods^  or  the  like,  into 
a  groundwork  of  aome  other  material,  for  omiunentatiQa. 

lasoUtad.  Detached  from  another  buiUing.  A  church  ia  insulated,  when  sot 
contiguous  to  any  other  edifice.  A  column  is  said  to  be  insulated,  when  standing 
free  from  the  wall;  thus»  the  columns  of  peripteral  tempbea  were  insulated. 

Intaglio.  A  sculpture  or  carving  in  which  the  figures  are  sunk  below  the  gen- 
eral surface,  such  as  a  seal  the  impression  of  which  in  wax  is  in  baa^elief ;  op- 
posed to  Cameo. 

Inttroolumiiiatioii.  The  distance  from  column  to  column,  the  dear  space 
between  oolunms. 

Interlaced  Arches.  Arches  where  one  passes  over  two  openings,  and  they 
consequently  cut  or  intersect  each  other. 

Intrados.    Of  an  arch,  the  inner  or  concave  curve  of  the  arch  stones. 

Inverted  Arches.    Those  whose  key-stone  or  biick  is  the  lowest  in  the  arch. 

Ionic  Order.    One  of  the  orders  of  Classical  architecture. 

Iron  Work.  In  mediaeval  architecture,  as  an  ornament,  is  chiefly  confined  to 
the  hinges,  etc.,  of  doors  and  of  church  chests,  etc.  In  some  instances  not  only 
do  the  hinges  become  a  mass  of  scroll  work,  but  the  surface  of  the  doors  is  covered 
by  similar  ornaments.  In  almost  all  styles  the  smaller  and  less  important  doors 
bad  merely  plain  strap  hinges,  terminating  in  a  few  bent  scrolls,  and  latterly  in 
fleurs^e-Us.  Escutcheon  and  ring  handles,  and  the  other  furniture,  partook 
more  or  less  of  the  character  of  the  time.  On  the  Continent  of  Europe  the 
knockers  are  very  elaborate.  At  all  periods  doors  have  been  ornamented  with 
nails  having  projecting  heads,  sometimes  square,  sometimes  polygonal,  and  some- 
times ornamented  with  roses,  etc.  The  iron  work  of  windows  is  generally  plain, 
and  the  ornament  confined  to  simple  fleur-de-Us  beads  to  the  stanchions.  The 
iron  work  of  screens  enclosing  tombs  and  chapels  is  noticed  under  Grilk,  q.v. 

Jack.  An  instnmient  for  raising  heavy  loads,  either  by  a  crank,  siren  and 
pinion,  or  by  hydraulic  power,  and  in  all  cases  worked  by  hand. 

Jack  lUftar.    A  short  rafter,  used  especially  in  hip-roofs. 

Jaab.  The  side-post  or  lining  of  a  doorway  or  other  aperture.  The  jambs 
of  a  window  outside  the  frame  are  called  Reveals. 

Jamb^shafts.  Small  shafts  to  doors  and  windows  with  caps  and  bases;  when 
in  the  inskie  arris  of  the  jamb  of  a  window  they  are  sometimes  caUed  Esconsons. 

Joggle.  A  joint  between  two  bodies  so  constructed  by  means  of  jogs  or 
notches  as  to  prevent  their  sliding  past  each  other. 

Joinery.  That  branch  in  building  confined  to  the  nicer  and  more  ornamental 
parts  of  carpentry. 

Joist.  A  small  timber  to  which  the  boards  of  a  floor  or  the  laths  of  ceiling  arc 
nailed.    It  rests  on  the  wall  or  on  girders. 

Keep.  The  inmost  and  strongest  part  of  a  mediaeval  caatle,  answering  to  the 
citadel  of  modem  times.  The  arrangement  is  said  to  have  originated  with  Gun-^ 
dulf,  the  celebrated  Bishop  of  Rochester.  The  Norman  keep  is  generally  a  very 
massive  square  tower,  the  basement  or  stories  partly  below  ground  being  used 
for  stores  and  prisons.  The  main  story  is  generally  a  great  deal  above  ground 
level,  with  a  projecting  entrance,  approached  by  a  flight  of  steps  and  drawbridge. 
This  floor  is  generally  supposed  to  have  been  the  guard-room  or  place  for  the 
soldiery;  above  this  was  the  hall,  which  generaUy  extended  over  the  whole  area 
of  the  building,  and  is  sometimes  separated  by  columns;  above  this  are  otJier 
a^wtmeoU  for  the  residents.   Tbew  are  winding  staircases  in  the  angles  of  tiie 
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buildings,  and  passages  and  small  chambers  in  the  thickness  of  the  walls.  The 
keep  was  intended  for  the  last  refuge,  in  case  the  outworks  were  scaled  and  the 
otl)pr  buildings  stormed.  There  is  generally  a  well  in  a  mediasval  keep,  ingen- 
iously concealed  in  the  thickness  of  a  wall,  or  in  a  pillar.  The  most  celebrated 
of  Norman  times  are  the  White  Tower  in  London,  the  castles  at  Rochester, 
Arundel,  and  Newcastle,  Castle  Uedingham,  etc!    The  keep  was  often  circular. 

Key-stone.  The  stone  placed  in  the  center  of  the  top  of  an  arch.  The  char- 
acter of  the  key-stone  varies  in  different  orders.  In  the  Tuscan  and  Doric  it  is 
only  a  simple  stone  projecting  beyond  the  rest;  in  the  Ionic  it  is  adorned  with 
moldings  in  the  manner  of  a  console;  in  the  Corinthian  and  Composite  it  is  a 
rich-sculptured  console. 

King-poBt.  The  middle  post  of  a  trussed  piece  of  framing  for  supporting  the 
tie-beam  at  the  middle  and  the  lower  ends  of  the  struts. 

Knee.  A  piece  of  timber  naturally  or  artificially  bent  to  receive  another  to 
relieve  a  weight  or  strain. 

Knob,  Knot.    The  bunch  of  flowers  carved  on  a  corbel,  or  on  a  Boss. 

&emlin.    The  Russian  name  for  the  citadel  of  a  town  or  dty. 

Label.  Gothic:  the  drip  or  hood^molding  of  an  arch,  when  it  is  returned  to 
the  square. 

Label  Terminations.  Carvings  on  which  the  labels  terminate  near  the 
springing  of  the  windows.  In  Norman  times  those  were  frequently  grotesque 
heads  of  fish,  birds,  etc.,  and  sometimes  sti£f  foliage.  In  the  Early  English  and 
Decorated  periods  they  are  often  elegant  knots  of  flowers,  or  heads  of  kings, 
queens,  bishops,  and  other  persons  supposed  to  be  the  founders  of  churches.  In 
the  Perpendicular  period  they  are  often  finished  with  a  short  square,  mitred  return 
or  knee,  and  the  foUages  are  generally  leaves  of  square  or  octagonal  form. 

Lacunar.  A  paneled  or  coffered  ceiling  or  soffit.  The  panels  or  cassoons  of 
a  ceiling  are  by  Vitruvius  called  lacunaria. 

Lady-chapel.    A  small  chapel  dedicated  to  the 
Virgin  Mary,  generally  found  in  ancient  cathedrals. 

Lancet.    A  high  and  narrow  window  pointed  like 
a  lancet,  often  called  a  lancet  window. 

Landing.    A  platform  in  a  flight  of  stairs  between 
two  stories;  the  terminating  of  a  stair. 

Lantern.    A  turret  raised  above  a  roof  or  tower 
and  very  much  pierced,  the  better  to  transmit  light. 
In  modem  practice  this  term  is  generally  applied  to    i^cunars  in  ceuing 
any  raised  part  in  a  roof  or  ceiling  containing  vertical 

windows,  but  covered  in  horizontally.  The  name  was  also  often  applied  to  the 
louver  or  femerell  on  a  roof  to  carry  off  the  smoke;  sometimes,  too,  to  the  open 
constructions  at  the  top  of  towers,  as  at  Ely  Cathedral,  probably  because  Ui^ts 
were  placed  in  them  at  night  to  serve  as  beacons. 

Lanterns  of  the  Dead.  Curious  small  slender  towers,  found  chiefly  in  the 
centre  and  west  of  France,  having  apertures  at  the  top,  where  a  light  was  ex- 
hibited at  night  to  mark  the  place  of  a  cemetery.  Some  have  supposed  that  the 
round  towers  in  Ireland  may  have  served  for  this  purpose. 

Lath.    A  slip  of  wood  used  in  slating,  tiling,  and  plastering. 
Lattice.    Any  work  of  wood  or  metal  made  by  crossing  laths,  rods,  or  bars, 
and  forming  a  net-work.    A  reticulated  window,  made  of  laths  or  slips  of  iron, 
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depanted  by  ^lasa  wiildows»  and  only  used  where  air  rather  than  light  i»  to  be 
admitted,  as  in  cellars  and  dairies. 

Lavabo.  The  lavatory  for  washing  hands,  generally  erected  in  cloisters  of 
monasteries.  A  very  curious  one  at  Fontenay,  surrounding  a  pillar,  is  given  by 
VioUet-le-Duc.  In  general,  it  is  a  sort  of  trough*  and  in  some  places  has  an 
ahniy  for  towels,  etc. 

LsYfttory.    A  place  for  washing  the  person. 

Lean-to.  A  small  buildmg  whose  rafters  pitch  or  lean  against  another  build- 
ing, or  against  a  wall. 

Lectern.    The  reading-desk  in  the  choir  of  churches. 

Ledge,  or  Ledgement.  A  projection  from  a  plane,  as  slips  on  the  side  of 
window  and  door  frames  to  keep  them  steady  in  their  places. 

Ledgers.  The  horizontal  pieces  fastened  to  the  standard  poles  or  timbers  of 
scaffolding  raised  around  buildings  during  their  erection.  Those  which  rest  on 
the  ledgers  are  called  putlogs,  and  on  time  the  boards  are  laid. 

Lewis.    An  iron  clamp  dovetailed  into  a  large  stone  to  lift  it  by. 

Lich-gate.  A  covered  gate  at  the  entrance  of  a  cemetery,  under  the  shelter 
of  which  the  mourners  rested  with  the  corpse,  while  the  procession  of  the  clergy 
came  to  meet  them.    There  are  several  examples  in  England. 

Light.  A  division  or  space  in  a  sash  for  a  single  pane  of  glass;  also  a  pane 
of  glass. 

Linen  Scroll.  An  ornament  formerly  used  for  filling  panels,  and  so  called 
from  its  resemblance  to  the  convolutions  of  a  folded  napkin. 

Lining.  Covering  for  the  interior,  as  casing  is  covering  for 
the  exterior  surface  of  a  building;  also,  such  as  linings  of  a 
door  for  windows,  shutters,  and  similar  work. 

Lintel.    The  horizontal  piece  which  covers  the  opening  of  a    ___„  «^„^,, 

,  •     1  LINEN   SCROLL 

door  or  window. 

Lip  Mold.    A  molding  of  the  Perpendicular  period  like  a  hanging  lip. 

List,  or  Listel.  A  little  square  molding,  to  crown  a  larger;  also  termed  a 
fiUet. 

Lithograph.    A  print  from  a  drawing  on  stone. 

Lobby.  An  open  space  surrounding  a  range  of  chambers,  or  seats  in  a  theater: 
a  small  hall  or  waiting  room. 

Lodge.    A  small  house  m  a  park. 

Loft.  The  highest  room  in  a  house,  particularly  if  in  the  roof;  also,  a  gallery 
raised  up  in  a  church  to  contain  the  rood,  the  organ,  or  singers. 

Loggia.  An  outside  gallery  or  portico  above  the  ground,  and  contained 
within  the  building. 

Loop-hole.  An  opening  in  the  wall  of  a  building,  very  narrow  on  the  outside, 
and  splayed  within,  from  which  arrows  or  darts  might  be  discharged  on  on 
enemy.  They  are  often  in  the  form  of  a  cross,  and  generally  have  round  holes 
at  the  ends. 

Lombard  Architecture.  A  name  given  to  the  round-arched  architecture  of 
Italy,  introduced  by  the  conquering  Goths  and  Ostrogoths,  and  which  super- 
seded the  Romanesque.  It  reigned  between  the  eighth  and  twelfth  centuries, 
during  the  time  that  the  Saxon  and  Norman  styles  were  in  vogue  in  England,  and 
corresponded  with  them  in  its  development  into  the  Continental  Gothic. 
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Lotus.    A  plant  of  great  odebrity  amdogst  the  andents,  tbe  leaves  and 

blossoms  of  which  generally  form  the  capitals  of  Egjrptian  oolumni. 

LouT«r.    A  kind  of  vertical  window,  frequently  in  the  peaks  of  gables,  and  io 
the  top  of  towers^  and  provided  with  horiaontal  slats  which 
permit  ventilation  and  exclude  ram. 

Lozenge  Molding.  A  kind  of  molding  used  in  Norman 
architecture,  of  many  different  forms,  all  of  which  are  char- 
acterized by  tosMgenriiaped  ornaments. 

Lunette.  The  French  term 
for  the  circular  opening  fn  the 
groining  of  the  lower  stories  of 
towers,  through  which  the  bells 
are  drawn  up. 

MachisoUtiML  A  parapet 
or  gallery  projecting  from  the  upper  part  of  the  wall  of  a  house  or  fortifica- 
tion, supported  by  brackets  or  corbels,  and  perforated  in  the  lower  i>art  so  that 
the  defenders  of  the  building  might  throw  down  darts,  stones,  and  sometimes 
hot  sand,  molten  lead,  etc.,  upon  their  assailants  below. 

Man-hole.  A  hole  through  which  a  man  may  creep  into  a  drain,  cesspool, 
steam-boiler,  etc 

Manor-house.  The  residence  of  the  suzerain  or  lord  of  the  manor;  in  France 
the  central  tower  or  keep  of  a  castle  is  often  called  the  manoir. 

Mansard  Roof.  Curb  roof,  invented  by  Francois  Mansard,  a  distinguished 
French  architect,  who  died^in  z666. 

Mansion.    A  residence  of  considerable  aze  and  pretension. 

Manteli  The  work  over  a  fireplace  in  front  of  a  chimney;  especially,  a  shelf , 
usually  ornamented,  above  the  fireplace. 

Marquetry.    Inlaid  work  of  fine  hard  pieces  of  wood 
of  different  colors,  also  of  shells,  ivory,  and  the  like. 

Mausoleum.    A  magnificent  tomb  or  sumptuous  sepul- 
chral monument. 

Medallion.    Any  circular  tablet  on  which  are  embossed 
figures  or  busts. 

MedisBval  Architecture.     The  architecture  of  Eng- 
land, France,  Germany,  etc.,  during  the  Middle  Ages,  including  the  Norman  and 
Early  Gothic  styles.    It  comprisM  also  the  Romanesque,  Byzantine  and  Sara- 
cenic, Lombard,  and  other  styles. 

Members.  The  different  parts  of  a  building,  the  different  parts  of  an  entab- 
lature, the  different  moldings  of  a  cornice,  etc. 

Merlon.    That  part  of  a  parapet  which  lies  between 
two  embrasures. 

Metope.    The  square  recess  between  the  triglyphs  in 
a  Doric  frieze.    It  is  sometimes  occupied  by  sculptures. 

Meziaaine.    A  low  stoiy  between  two  lofty  ones. 
It  is  called  by  the  French  etUrtsH,  or  inter-story. 

Mexzo'-rl&eto.    Or  mean  relief,  in  comparison  with 
alto-rilievo,  or  high  reBef . 
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MiiiAret  Turkish:  a  drcolar  turret  riaing  by  different  itafes  or  divisioiu^ 
each  of  which  has  a  balcony. 

Minster.  Probably  a  corruption  of  monasterium— the  large  church  at> 
tacfaed  to  any  ecdeiiastical  fraternity.  If  the  hitter  be  presided  over  by  a 
bishop,  it  is  generally  called  a  Cathedral;  if  by  an  abbot,  an  Abbey;  if  by  a 
prior,  a  Priory. 

BCinate.  The  sixtieth  part  of  the  lower  diameter  of  a  column;  it 
is  the  measure  used  by  architects  to  determine  the  proportions  of 
an  order. 

Miaerere.  A  seat  in  a  stall  of  a  large  church  made  to  turn  up 
and  afford  support  to  a  person  in  a  position  between  sitting  and 
standing.  The  under  side  is  generally  carved  with  some  ornament, 
and  very  often  with  grotesque  figures  and  caricatures  of  different 
persons. 

Hit«r.  A  molding  returned  upon  itself  at  right  anc^  is  said  to 
nntiter.  Injoinery.theendsof  any  two  pieces  of  wood  of  correspond- 
ing foim,  cut  off  at  45^»  necessarily  abut  upon  one  another  so  as  to 
form  a  right  angle,  and  are  said  to  miter. 

ModHUon.    So  called  because  of  its  arrangement  in  regulated  distanees;  the 
fni^^>*H  block  or  horixontal  bracket  generally  found 
under  the  cornice  of  the  Corinthian  entablature.    Le 
ornamented,  it  is  sometimes  used  in  the  Ionic. 

Modnl*.  This  is  a  term  which  has  been  generally 
used  by  architects  in  determining  the  relative  propor* 
tions  of  the  various  parts  of  a  columnar  ordinance.  modiluom 

The  semi-diameter  of  the  column  at  its  base  is  the 
module,  which  being  divided  into  thirty  parts  called  minutes,  any  part  of  the 
comporition  is  said  to  Be  of  so  many  modules  and  minutes^  or  minutes  alone,  in 
height,  breadth,  or  projection.    The  whole  diameter  is  now  generally  prefened 
as  a  module,  it  being  a  better  rule  of  proportion  than  its  half. 

Moiuistery.  A  set  of  buildings  adapted  for  the  reception  of  any  of  the  vari- 
ous orders  of  monks,  the  different  parts  of  which  are  described  in  the  separate 
artide.  Abbey. 

M  onotrii^yph.  The  interoolumniations  of  the  Doric  order  are  determined  by 
the  number  of  triglypbs  which  intervene,  instead  of  the  number  of  diameters  of 
the  column,  as  in  other  cases;  and  this  term  designates  the  ordinary  intercolum- 
niation  of  one  triglyph. 

Monnment.  A  name  given  to  a  tomb,  partlcokrly  to  those  fine  structures 
recessed  in  the  walls  of  medieval  churches. 

Mosaic.  Pictorial  representations,  or  ornaments,  formed  of  small  pieces  of 
stone,  marble,  or  enamel  of  various  colors.  In  Roman  houses  the  floors  are  often 
entirely  of  mosaic,  the  pieces  being  cubical.  The  best  examples  of  mosaic  work 
are  found  in  St.  Mark's,  at  Venice. 

Moaqua.    A  Mahometan  temple,  or  place  of  worship. 

Molding.  When  any  work  is  wrought  into  long  regular  channels  or  projec- 
tions, forming  curves  or  rounds,  hollows,  etc.,  it  is  said  to  be  molded,  and  each 
separate  member  is  called  a  molding.  In  medixval  architecture  the  principal 
moldings  are  those  of  the  arches,  doors,  windows,  piers,  etc.  In  the  Early 
English  style,  the  moldings,  for  some  time,  formed  groups  set  back  in  iquaies, 
ao4  frequently  veiy  deeply  undercut.    The  icxoU  molding  isfilso 
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Small  fillets  now  become  very  frequent  in  the  keel  molding,  from  its  resemblance 
in  section  to  the  bottom  of  a  ship;  sometimes,  also,  it  has  a  peculiar  hollow  on 
each  side,  like  two  wings.  Later  in  the  Decorated 
style  the  moldings  are  more  varied  in  design,  though 
hollows  and  rounds  still  prevail.  The  undercutting  is 
not  so  deep,  fillets  abound,  ogees  are  more  frequent, 
and  the  wave  mold,  double  ogee,  or  double  ressaunt,  is 
often  seen.  In  many  places  the  strings  and  labels  are 
a  round,  the  lower  half  of  which  is  cut  off  by  a  plain 
chamfer.  The  moldings  in  the  later  styles  in  some 
degree  resemble  those  of  the  Decorated,  flattened  and  moldings 

extended;   they  run  more  into  one  another,  having 

fewer  fiflets,  and  being,  as  it  were,  less  grouped.  «»  astragal;  b,  ogee; 
One  of  the  principal  features  of  the  change  is  the  c»  cymatium;  d,  cavet- 
substitution  of  one,  or  perhaps  two  (seldom  more),  ^^>  ^'  scotia,  or  case- 
very  large  hoUows  in  the  set  of  moldings.  These  hoi-  ™cnt;  /,  apophyges; 
lows  are  neither  circular  nor  eUiptical,  but  obovate,  i>  °Y°*°'  **'  quarter 
like  an  egg  cut  across,  so  that  one  half  is  larger  round;  A,  to"is;  i, 
than  the  other.  The  brace  mold  also  has  a  small  reeding;  j,  band, 
bead,  where  the  two  ogees  meet.    Another  sort  of 

molding,  which  has  been  called  a  lip  mold,  b  common  in  parapets,  bases,  and 
weatherings. 

Moldings,  Ornamented.  The  Saxon  and  early  Norman  moldings  do  not 
seem  to  have  been  much  enriched,  but  the  complete  and  later  styles  of  Norman 
are  remarkable  for  a  profusion  of  ornamentation,  the  most  usual  of  which  is 
what  is  called  the  zigzag.  This  seems  to  be  to  Norman  architecture  what  the 
meander  or  fret  was  to  the  Grecian;  but  it  was  probably  derived  from  the 
Saxons,  as  it  is  very  frequently  found  in  their  pottery.^  Bezants,  quatrefoils. 
lozenges,  crescents,  billets,  heads  of  nails,  are  very  common  ornaments.  Beside> 
these,  battlements,  cables;  large  ropes  rotmd  which  smaller  ropes  are  turned,  or, 
as  our  sailors  say,  "wormed";  scallops,  pellets,  chains,  a  sort  of  conical  barrels, 
quaint  stiff  f  oUages^  beaks  of  birds,  heads  of  fishes,  ornaments  of  almost  every  con- 
ceivable kind,  are  sculptured  in  Norman  moldings;  and  they  are  used  in  such 
profusion  as  has  been  attempted  in  no  other  style.  The  decorations  on  Early 
English  moldings  are  chiefly  the  dog-tooth,  which  is  one  of  the  great  charac- 
teristics of  this  style,  though  it  is  to  be  found  in  the  Transition  Norman.  It  is 
generally  placed  in  a  deep  hollow  between  two  projecting  moldings,  the  dark 
shadow  in  the  hollow  contrasting  in  a  very  beautiful  way  with  the  Ught  in  the» 
moldings.  In  this  period  and  in  the  next  the  tympanimi  over  doorway^  par- 
ticularly if  they  are  double  doors,  is  highly  ornamented.  Those  of  the  Decorated 
period  resemble  the  former,  except  that  the  foliage  is  more  natural  and  the  dog- 
tooth gives  way  to  the  ball-flower.  Some  of  the  hollows,  also,  are  ornamented 
with  rosettes  set  at  intervals,  which  are  sometunes  connected  by  a  running  tendril, 
as  the  ball-flowers  are  frequently.  Some  very  pleasing  leaf-like  ornaments  in  the 
labels  of  windows  are  often  found  in  Continental  architecture.  In  the  Perpen- 
dicular period  the  moldings  are  ornamented  very  frequently  by  square  four- 
leaved  flowers  set  at  intervals,  but  the  two  characteristic  ornaments  of  the  time 
are  running  patterns  of  vine  leaves,  tendrils,  and  grapes  in  the  hollows,  which 
by  old  writers  are  called  "vignettes  in  casements,"  and  upright  stiff  leaves, 
generally  called  the  Tudor  leaf.  On  the  Continent  moldings  partook  much  of 
the  same  character. 

V    Mullion,  Munion.    The  perpendicular  pieces  of  stone,  sometimes  like  col- 
umns, sometimes  like  slender  piers»  which  divide  the  bays  or  lights  of  windows 
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or  acnen-work  from  each  other.  In  all  styles,  in  less  important  work,  the  mul- 
lioQS  are  often  simply  plain  chamfered,  and  more  commonly  have  a  very  flat  hol- 
low on  each  side.  In  larger  buildings  there  is  often  a  bead  or  boutell  on  the  edge, 
and  often  a  single  very  small  colunm  with  a  capital.  As  tracery  grew  richer,  the 
windows  were  divided  by  a  larger  order  of  mullion,  between  which  came  a  lesser 
or  subordinate  set  of  muUions,  which  ran  into  each  other.  The  term  is  also 
applied  to  a  wood  or  iron  division  between  two  windows. 

MoltifoiL  A  leaf  ornament  consisting  of  more  than  five  divisions,  applied  to 
foils  in  windows. 

Muttile.  The  rectangular  impending  block  under  the  corona  of  the  Doric 
cornice,  from  which  guttae  or  drops  depend.  Mutule  is  equivalent  to  modillion 
but  the  latter  term  is  applied  more  particularly  to  enriched  blocks  or  brackets, 
such  as  those  of  Ionic  and  Corinthian  entablatures. 

Narthez.  The  long  arcaded  porch  forming  the  entrance  into  the  Christian 
basilica.  Sometimes  there  was  an  inner  narthex,  or  lobby,  before  entering  the 
church.  When  this  was  the  case,  the  former  was  called  exo-narthex,  and  the 
latter  eso-narthex.  In  the  Byzantine  churches  this  inner  narthex  forms  part  of 
the  solid  structure  of  the  church,  being  marked  off  by  a  wall  or  row  of  columns, 
whereas  in  the  Latin  churches  it  was  usually  formed  only  by  a  wooden  or  other 
temporary  screen. 

Natural  Beds.  In  stratified  rocks,  the  surface  of  a  stone  as  it  lies  in  the 
quarry.    If  not  laid  in  walls  in  their  natural  bed  the  laminx  separate. 

Nave.  The  central  part  between  the  arches  of  a  church,  which  formerly  was 
separated  from  a  chancel  or  choir  by  a  screen.  It  is  so  called  from  its  fancied 
resemblance  to  a  ship.  In  the  nave  were  generally  placed  the  pulpit  and  font. 
In  continental  Europe  it  often  also  contains  a  high  altar,  but  this  is  of  rare 
occurrence  in  England. 

Necking.  The  annulet  or  round,  or  series  of  horizontal  moldings,  which 
separate  the  capital  of  a  column  from  the  plain  part  or  shaft. 

Newel.  In  mediaeval  architecture,  the  circular  ends  of  a  winding  staircase 
which  stand  over  each  other,  and  form  a  sort  of  cylindrical  column. 

Newel  Post.  The  post,  plain  or  ornamented,  placed  at  the  first,  or  lowest 
step,  to  receive  or  start  the  hand-rail  upon: 

Niche.  A  recess  sunk  in  a  wall,  generally  for  the  reception  of  a  statue. 
Niches  sometimes  terminate  by  a  simple  label,  but  more  commonly  by  a  canopy, 
and  with  a  bracket  or  corbel  for  the  figure,  in  which  case  they  are  often  called 
tabernacles. 

Norman  Style.  Was  that  spedes  of  Romanesque  which  was  practised  by  the 
Normans,  and  which  was  introduced  and  fully  developed  in  England  after  they 
had  established  themselves  in  it.  The  chief  features  of  this  style  are  plainness 
and  massiveness.  The  arches,  windows,  and  doorways  were  semicircular,  the 
pillars  were  very  massive,  and  often  built  up  of  small  stones  laid  like  brickwork. 

Nosings.  The  rounded  and  projecting  ed^es  of  the  treads  of  a  stair,  or  the 
edge  of  a  landing. 

Obelisk.  Lofty  pillars  of  stone,  of  a  rectangular  form,  diminishing  toward  the 
top,  and  generally  ornamented  with  inscriptions  and  hierogl3rphics  among  the 
ancient  Eg3rptians. 

Observatory.    A  building  erected  on  an  elevated  spot  of  ground  for  making 
astronomical  observations. 
Octostyle.    A  portico  of  eight  colunms  in  front. 
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OffB«ts.  When  the  face  of  a  wall  is  not  one  continued  surface,  but  sets  in  by 
horizontal  jogs,  as  the  wall  grows  higher  and  thinner,  the  jogs  are  called  offsets. 

Ogee.  The  name  applied  to  a  molding,  partly  a  hollow  and  partly  a  round, 
and  derived  no  doubt  from  its  resemblance  to  an  O  placed  over  a  G.  It  is  rarely 
found  in  Norman  work,  and  is  not  very  common  in  Early  KngHsh.  It  is  of  fre- 
quent use  in  Decorated  work,  where  it  becomes 'sometimes  double*  and  is  called  a 
wave  molding;  and  later  still,  two  waves  are  connected  with  a  small  bead,  which 
Sa  then  called  a  brace  molding.    In  andent  MSS.  it  is  called  a  Ressatmt. 

Orchestra.  In  andent  theaters,  where  the  chorus  used  to  dance;  In  naodem 
theaters,  where  the  musidans  sit. 

Order.  A  column  with  its  entablature  and  stylobate  is  so  called.  The  term  is 
the  result  of  the  dogmatic  laws  deduced  from  the  writings  of  ^truvius,  and  has 
been  exdusivdy  appUed  to  those  arrangements  which  they  were  thought  to 
warrant. 

Oriel  Window.  Gothic:  a  projecting  angular  window,  commonly  ol  a  trf- 
agonal  or  pentagonal  form,  and  divided  by  mullions  and  transoms  into  different 
bays  and  compartments.  ' 

Orthography.  A  geometrical  elevation  of  a  building  or  other  object  in  which 
it  is  represented  as  it  actually  exists  or  may  exist,  and  not  perspectively,  or  as  it 
would  appear. 

'    Orthostyle.    A  colunmar  arrangement  in  which  the  colunms  are  placed  in  a 
straight  line. 
[    OtoIo.    Same  ^  Echinus. 

Pagoda.    A  name  given  to  temples  in  India  and  China. 

Palace.    The  dwelling  of  a  king,  prince,  or  bishop. 

Pale.    A  fence  picket,  sharpened  at  the  upper  end. 

Pane.  Probably  a  diminutive  of  panneau,  a  term  applied  to  the  different 
pieces  of  glass  in  a  window;  same  as  LigfU. 

Panel.  Properly  a  jiiece  of  wood  framed  within  four  other  pieces  of  wood,  as 
in  the  styles  and  rails  of  a  door,  filling  up  the  aperture,  but  often  applied  both  to 
the  whole  sqtiare  frame  and  the  sinking  itself;  also  to  the  ranges  ol  sunken  com- 
partments in  wainscoting,  cornices,  oorbd  tables,  groined  vaults,  ceilings,  etc. 

Pantograph,  or  Pentagraph.  An  instrument  for  copying  on  the  same,  or  an 
enlarged  or  reduced  scale. 

Pantry.  An  apartment  or  doset  in  which  bread  and  other  provisions  are 
kept. 

Papier-mache.  A  hard  substance  made  of  a  pulp  from  rags  or  paper  mixed 
with  size  or  glue,  and  molded  into  any  desired  shape.  Much  used  for  architec- 
tural ornaments. 

Parapet  A  dwarf  wall  along  the  edge  of  a  roof,  or  ro\md  a  terrace  walk,  etc.. 
to  prevent  persons  from  falling  over,  and  as  a  protection  to  the  defenders  in  case 
of  a  siege.  Parapets  are  dther  plain,  embattled,  perforated,  or  paneled.  The 
last  two  are  found  in  all  styles  except  the  Norman.  Plain  parapets  are  simidy 
portions  of  the  wall  generally  overhanging  a  little,  with  coping  at  the  top  and 
corbel  table  bdow.  Embattled  parapets  are  sometimes  pandcd,  but  oftener 
pierced  for  the  discharge  of  arrows,  etc.  Perforated  parapets  are  pierced  in 
various  devices  —  as  drdes,  trefoils,  quatrefoils,  and  other  designs  —  so  that  the 
light  is  seen  through.  Paneled  parapets  are  those  ornamented  by  a  series  of 
panels,  either  oblong  or  square,  and  more  or  less  enriched,  but  are  not  perforated. 
These  are  conunon  in  the  Decorated  and  Perpendicular  periods. 
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Pirg«tiiig.  A  vpedes  of  plastering  decorated  by  impreflBing  patterns  on  it 
when  wet.  These  seem  generally  to  have  been  made  by  sticking  a  number  of 
pins  in  a  board  in  certain  lines  or  curves,  and  then  pressing  on  the  wet  plaster  in 
various  directions,  so  as  to  form  geometrical  figures.  Sometimes  these  devices 
are  in  relief,  and  in  the  time  of  Elizabeth  represent  figures,  birds,  foliages,  etc. 
Rough  plastering,  commonly  adopted  for  the  interior  surface  of  chimneys. 

Parlor.  A  room  in  a  house  which  the  family  usually  occupy  for  society  and 
conversation,  and  for  receiving  visitors.  The  apartment  in  a  monastery  or 
nunnery  where  the  inmates  are  permitted  to  meet  and  converse  with  each  other, 
or  with  visitors  and  friends  from  without. 

Parochial.    Belonging  or  relating  to  a  parish. 

Parquetry,  or  Marquetry.  A  kind  of  inlaid  fioor  composed  of  small  pieces 
of  wood  either  square  or  triangular,  which  are  capable  of  forming,  by  their  dis- 
position, various  combinations  of  figures;  this  description  of  joinery  is  very 
suitable  for  the  floors  of  libraries,  halls,  and  public  apartments. 

Party  Walls.  'Partitions  of  brick  or  stone  between  buildings  on  two  adjoining 
properties. 

Patenu  A  circular  ornament  resembling  a  dish,  often  worked  in  relief  on 
friezes,  etc. 

Pavement.  Tessellated,  a  pavement  of  mosaic  work,  C 
used  by  the  andents,  made  of  square  pieces  of  stone,  etc.,  .|l|| 
called  Tessera.  ^ii 

Pavilion.    A  turret  or  small  insulated  building,  and      '| 
comprised  beneath  a  single  roof;  also,  the  projecting      ^! 
part  in  front  of  a  building  which  marks  the  centre,  and 
which  sometimes  flanks  a  comer,  when  it  is  termed  an 
angular  pavilion.  patera 

Pedestal.  The  square  support  of  a  colunm,  statue, 
etc.;  and  the  base  or  lower  part  of  an  order  of  columns:  it  consists  of  a  plinth 
for  a  base,  the  die,  and  a  talon  crowned  for  a  cornice.  When  the  height  and 
width  are  equal,  it  is  termed  a  square  pedestal;  one  which  supports  two  colunms, 
a  double  pedestal;  and  if  it  supports  a  row  of  columns  without  any  break,  it  is 
a  continued  pedestal. 

Pediment.  A  low  triangular  crowning,  ornamented,  in  front  of  a  building, 
and  over  doors  and  windows.  Pediments  are  sometimes  made  in  the  form  of  a 
segment;  the  space  enclosed  within  the  triangle  is  called  the  tympanum.  Also, 
the  gable  ends  of  classic  buildings,  where  the  horizontal  cornice  is  carried  across 
the  front,  forming  a  triangle  with  the  end  of  the  roof. 

Pendent.  A  name  given  to  an  elongated  boss,  either  molded  or  foliated, 
such  as  hang  down  from  the  intersection  of  groins,  especially  in  fan  tracery,  or 
at  the  end  of  hammer  beams.  Sometimes  long  corbels,  under  the  wall  pieces, 
have  been  so  called.  The  name  has  also  been  given  to  the  large  masses  depend- 
ing from  enriched  ceilings,  in  the  later  works  of  the  Pointed  style. 

Pendent  Posts*  A  name  given  to  those  timbers  which  hang  down  the  side  of 
a  wall  from  the  plate  in  hammer  beam  trusses,  and  which  receive  the  hammer 
braces. 

Pendentiye.  A  name  given  to  an  arch  which  cuts  off,  as  it  were,  the  comers 
of  a  square  building  internally,  so  that  the  superstmcture  may  t>ecome  an  octagon 
or  a  dome.  In  mediaeval  architeaare  these  arches,  when  under  a  spire  in  the 
interior  of  a  tower,  are  called  Squinches. 

Digitized  by  VjOOQIC 


1752  (^ossary 

PendentiTe  Bracketing,  or  Govt  Bracketing.  Springing  from  the  rec- 
tangular walls  of  an  apartment  upward  to  the  ceiling,  and  forming  the  horizon- 
tal part  of  the  ceiling  into  a  circle  or  ellipse. 

Pentastyle.    Having  five  columns  in  front. 

Pent-roof.    A  roof  with  a  slope  on  one  side  only. 

Perch.  A  measure  used  in  measuring  stone  work,  being  24.H  cu  ft  and  16H 
cu  ft,  according  to  locality  and  custom. 

Periptery.    An  edifice  or  temple  siurounded  by  a  peristyle. 

Peristyle.  A  range  of  coliunns  endrcUng  an  edifice,  such  as  that  which  sur- 
rounds the  cylindrical  drum  under  the  cupola  of  St.  Paul's.  The  colunms  of  a 
Greek  peripteral  temple  form  a  peristyle  also,  the  former  being  a  circular,  and 
the  latter  a  quadrilateral  peristyle. 

Perpendicular  Style.  The  third  and  last  of  the  Pointed  or  Gothic  styles; 
also  called  the  Florid  style. 

Perspective  Drawing.  The  art  of  making  such  a  representation  of  an  object 
upon  a  plane  stirface  as  shall  present  precisely  the  same  appearance  that  the 
object  itself  would  to  the  eye  situated  at  a  particular  point. 

Pews.  A  word  of  uncertain  origin,  signifsring  fix^  seats  in  churches,  com- 
posed of  wood  framing,  mostly  with  ornamented  ends.  They  seem  to  have  come 
into  general  use  early  in  the  reign  of  Henry  VI,  and  to  have  been  rented  and 
"well  paid  for''  before  the  Reformation.  Some  bench  ends  are  certainly  of  a 
decorated  character,  and  some  have  been  considered  to  be  of  the  Early  English 
period.  They  are  sometimes  of  plain  oak  board,  two  and  a  half  to  three  inchf^ 
thick,  chamfered,  and  with  a  neckmg  and  finial,  generally  called  a  poppy  head; 
others  are  plainly  paneled  with  bold  cappmgs;  in  others  the  pands  are  orna- 
mented with  tracery  or  with  the  linen  pattern,  and  sometimes  with  running 
foliages.  The  divisions  are  filled  in  with  thin  chamfered  boarding,  sometimes 
reaching  to  the  floor,  and  sometimes  only  from  the  capping  to  the  seat. 

Picket  A  narrow  board,  often  pointed,  used  in  making  f^ices;  a  pale  or 
paling. 

Pier-giass.    A  mirror  hanging  between  windows. 

Piers.  The  solid  parts  of  a  wall  between  windows,  and  between  voids  gener- 
ally. The  term  is  also  applied  to  masses  of  brick-work  or  masonry  which  are 
insulated  to  form  supports  to  gates  or  to  carry  arches,  posts,  girders,  etc. 

Pilasters.  Are  flat  square  columns,  attached  to  a  wall,  behind  a  column,  or 
along  the  side  of  a  building,  and  projecting  from  the  wall  about  a  fourth  or  a 
sixth  part  of  their  breadth.  The  Greeks  had  a  slightly  different  design  for  the 
capitals  of  pilasters,  and  made  them  the  same  width  at  top  as  at  bottom,  but  the 
Romans  gave  them  the  same  capitals  as  the  columns,  and  made  them  of  di- 
minished width  at  the  top,  similar  to  the  cohmins. 

Pile.  A  large  stake  or  trunk  of  a  tree,  driven  into  soft  ground,  as  at  the 
bottom  of  a  river,  or  in  made  land,  for  the  support  of  a  building.     (See  p.  x&8.) 

Pillar,  or  PyUer.  A  word  generally  used  to  express  the  round  or  polygonal 
piers,  or  those  surroimded  with  clustered  columns,  which  carry  the  main  arches 
of  a  building.  Saxon  and  Eariy  Norman  pillars  are  generally  stout  cylindrical 
shafts  built  up  of  small  stones.  Sometimes,  however,  they  are  quite  square, 
sometimes  with  other  squares  breaking  out  of  them  (this  is  more  common  in 
French  and  German  work),  sometimes  with  angular  shafts,  and  sometimes  the>' 
are  plain  octagons.  In  Romanesque  Norman  work  the  pillar  is  sometimes 
square,  with  two  or  more  semicircular  or  half-columns  attached.    In  the  Eariy 
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English  period  the  pfflars  become  loftier  and  lighter,  and  in  most  important 
buildings  are  a  series  of  clustered  columns,  frequently  of  marble,  placed  side  by 
side,  sometimes  set  at  intervals  round  a  circular  centre,  and  sometimes  almost 
touching  each  other.  These  shafts  are  often  wholly  detached  from  the  central 
pillar,  though  grouped  round  it,  in  which  t:ase  they  are  almost  always  of  Purbeck 
or  Bethersden  marbles.  In  Decorated  work  the  shafts  on  plan  are  very  often 
^  placed  round  a  square  set  anglewise,  or  a  lozenge,  the  long  way  down  the  nave; 
the  centre  or  core  itself  is  often  worked  into  hollows  or  other  moldings,  to  show 
between  the  shafts,  and  to  form  part  of  the  composition.  In  this  and  the  latter 
part  of  the  previous  style  there  is  generally  a  fillet  on  the  outer  part  of  the  shaft, 
forming  what  has  been  called  a  keel  molding.  They  arc  also  often,  as  it  were, 
tied  together  by  bands  formed  of  rings  of  stone  and  sometimes  of  metal.  The 
small  pillars  at  the  jambs  of  doors  and  windows,  and  in  arcades,  and  also  those 
slender  columns  attached  to  pillars,  or  standing  detached,  are  generally  called 
shafts. 

Pin.  A  cylindrical  piece  of  wood,  iron,  or  steel,  used  to  hold  two  or  more 
pieces  together,  by  passmg  through  a  hole  in  each  of  them,  as  in  a  mortise  and 
tenon  joint,  or  a  pin  joint  of  a  truss. 

Pinnacle.  An  ornament  originally  forming  the  cap  or  crown  of  a  buttress  or 
small  turret,  but  afterwards  used  on  parapets  at  the  comers  of 
towers  and  in  many  other  situations.  It  was  a  weight  to  counter- 
act the  thrust  of  the  groining  of  roofs,  particularly  where  there 
were  flying  buttresses;  it  stopped  the  tendency  to  slip  of  the  stone 
copings  of  the  gables,  and  counterpoised  the  thrust  of  spires;  it 
formed  the  jjiers  to  steady  the  elegant  perforated  parapets  of 
later  periods;  and  in  France,  especially,  served  to  counterbalance 
the  weight  of  overhanging  corbel  tables,  huge  gargoyles,  etc.  In 
the  Early  Engish  period  the  smaller  buttresses  frequently  finished 
with  gablets,  and  the  more  important  with  pinnacles  supported 
with  clustered  shafts.  At  this  period  the  pinnacles  were  often 
supported  on  these  shafts  alone;  and  were  open  below;  and  m 
larger  work  in  thb  and  the  subsequent  periods  they  frequently  form 
niches  and  contain  statues.  In  France,  pinnacles,  like  spires, 
seem  to  have  been  in  use  earlier  than  in  England.  There  are  small 
pinnacles  at  the  angles  of  the  tower  in  the  Abbey  of  Saintes.  At 
.'  Roullet  there  are  pinnacles  in  a  similar  position,  each  composed  of  pjj^acle 
four  small  shafts,  with  caps  and  bases  surmounted  with  small 
pyramidal  spires.  In  all  these  examples  the  towers  have  semicircular  headed 
windows. 

Pitch  of  ft  Roof.  The  proportion  obtained  by  dividing  the  height  by  the 
span;  thus,  we  speak  of  its  being  one-haliv  one-third,  one-fourth.  When  the 
length  of  the  rafters  is  equal  to  the  breadth  of  the  building  it  is  denominated 
Gothic. 

Pitching-piece.    A  horizontal  timber,  with  one  of  its  ends  wedged  into  the 
.  wall  at  the  top  of  a  flight  of  stairs,  to  support  the  upper  end  of  the  rough  strings. 
Place.    An  open  piece  of  ground  surrounded  by  buildings,  generally  decorated 
..  with  a  sUtue,  column,  or  other  ornament. 

Plan.  A  horizontal  geometrical  section  of  the  walls  of  a  building;  or  indi- 
,  cations,  on  a  horizontal  plane,  of  the  relative  positions  of  the  walls  and  partitions, 
. '  with  the  various  openings,  such  as  windows  and  doors,  recesses  and  projections, 
J, -chimneys  and  chimney-breasts,  columns,  pilasters,  etc.  This  term  is  often 
V  incorrectly  used  m  the  sense  of  Design. 
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Fhuic«0r.  Is  aomerimCT  uapd  in  the  same  seme  ag  >ofl<t,  bttt  ia  more  ooryectiy 
«ppU«d  to  the  soffit  o£  the  corona  in  »  cornice, 

PlAtt«rlng.  A  mixture  of  lime,  hair,  and  sand,  to  cover  Jath-woik  betweeo 
timbers  or  rough  walling,  used  from  the  earliest  times,  and  very  ooimnon  in 
Roman  work.  In  the  Middle  Ages,  too,  it  was  used  not  only  in  private,  but  in 
public  constructions.  On  the  inside  face  of  old  rubble  walls  it  was  not  only  used 
for  purposes  of  cleanliness,  rough  work  holding  dirt  and  dust,  but  as  a  ground  . 
for  distemper  painting  (tempera,  or,  as  it  b  often  improperly  called,  fresco),  a 
species  of  ornament  often  used  in  the  Middle  Ages.  At  St.  Albans  Abbey,  Eng- 
land, the  Norman  work  is  plastered,  and  covered  with  lines  imitating  the  joints 
of  stone.  The  same  thing  b  found  in  English  Perpendicular  work.  On  the  out- 
side of  rubble  walls,  and  often  of  wood  framing,  it  was  used  as  roughcast;  when 
ornamented  in  patterns  outside,  it  is  called  pargeting. 

Plate.  The  piece  of  timber  b  a  building  which  supports  the  end  of  the 
rafters. 

Plinth.  The  square  block  at  the  base  of  a  column  or  pedestal.  In  a  waU,  the 
term  plinth  is  applied  to  the  projecting  base  or  water  table,  generally  at  the  levd 
of  the  first  floor. 

Plumb.  Perpendicular;  that  is,  standing  according  to  a  plumb  line,  as,  the 
post  of  a  house  or  wall  is  plumb. 

Plumbing.  '  The  lead  and  iron  pipes  and  other  apparatus  employed  in  con- 
veying water,  and  for  toilet  purposes  in  a  building;  originally  the  art  of  casting 
and  working  in  lead. 

Ply.  Used  to  denote  the  number  of  thicknesses  of  roofing  paper,  aa  three  ply, 
four  ply,  etc. 

Podium.  A  continued  pedestal;  a  projection  from  a  wall,  forming  a  kind  of 
gallery. 

Polytrlglyph.  An  intercolumniation  in  the  Doric  order  of  more  than  twu 
trigljrphs. 

Poppy  Heads*  Probably  from  the  French  Poupic:  the  finials  or  other  orna- 
ments which  terminate  the  tops  of  bench  ends,  either  to  pews  or 
stalls.  They  are  sometimes  small  human  heads,  sometimes  richly 
carved  images,  knots  of  foliage,  or  finials,  and  sometimes  fleurs^ 
de-lis  simply  cut  out  of  the  thickness  of  the  bench  end  and  cham- 
fered. 

Pqrch.  A  covered  erection  forming  a  shelter  to  the  entrance 
door  of  a  large  building.  The  earliest  known  are  the  long  arcaded 
porches  in  front  of  the  early  Christian  basilicas,  called  Narthez. 
In  later  times  they  assume  two  forms— one,  the  projecting  erection 
covering  the  entrance  at  the  west  front  of  cathedrals,  and  divided 
into  three  or  more  doorways,  etc.;  and  the  other,  a  kind  of  covered 
chambers  open  at  the  ends,  and  having  small  windows  at  the  sides  i^pp*  head 
as  a  protection  from  rain. 

Portal.  A  name  given  to  the  deeply  recessed  and  richly  decorated  entrance 
doors  to  the  cathedrals  hi  Continental  Europe. 

Portcullis.  A  strong-framed  grating  of  oak,  the  lower  points  shod  with  iron, 
and  sometimes  entirely  made  of  metal,  hiuig  so  as  to  slide  up  and  down  in  grooves 
with  counterbalances,  and  intended  to  protect  the  gateways  of  castles,  etc. 

Portico.  An  open  space  before  the  door  or  other  entrance  to  any  building, 
fronted  with  columns.    A  portico  is  distinguished  as  prostyle  or  in  tmUf  accord- 
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ing  as  h  pnjectn  fram  or  recedes  within  the  bttilding,  ftnd  is  further  designnted 
by  the  number  of  oolumnB  itd  front  may  consist  of. 

Post    Square  timbers  set  on  end.    The  term  is  especially  applied  to  those 
which  support  the  comers  of  a  building,  and  are  framed  into  bressummers  or 
crossbeams  under  the  walls. 
,    Posticiim.    A  portico  behind  a  temple. 

Prsibytorj.  A  word  applied  to  various  parts  of  kkrge  churches  in  a  very 
ambiguous  way.  Some  consider  it  to  be  the  choir  itself;  others,  what  is  now 
named  the  SaMrium.  Traditionally,  however,  it  seems  to  be  applied  to  the 
vacant  space  between  the  back  of  the  high  altar  and  the  entrance  to  the  lady* 
chapel,  as  at  Lincoln  and  Chichester;  in  other  words,  the  back-  or  retro-choir. 

Priming.  The  laying  on  of  the  first  shade  of  color,  in  oil  paint,  and  generally 
consisting  mostly  of  oil|  to  protect  and  fill  the  wood. 

Priory.  A  monastic  establishment,  generally  m  connection  with  an  abbey, 
and  presided  over  by  a  prior,  who  was  a  subordinate  to  the  abbot,  and  held  much 
the  same  relation  to  that  dignitary  as  a  dean  does  to  a  bishop. 

Profile.  The  outline;  the  contour  of  a  part,  or  the  parts  composing  an  order, 
as  of  a  base,  cornice,  etc.;  also,  the  perpendicular  section.  It  is  in  the  Just 
proportion  of  their  profiles  that  the  chief  beauties  of  the  different  orders  oC 
architecture  depend.    The  ancients  were  most  careful  of  the  profiles  of  their 


Proflctalvm.  The  front  part  of  the  stage  of  ancient  theaters,  on  which  the 
actors  performed. 

Proviso.  A  portico  in  Which  the  columns  project  from  the  buildmg  to  which 
it  is  attached. 

Protractor.  A  mathematical  instrument  for  laymg  down  and  moaaiirlng 
angles  on  paper,  used  in  drawing  or  plotting. 

Paeudo-diptanl.  False  double-winged.  When  the  inner  row  of  columns  of 
a  dipteral  arrangement  is  omitted  and  the  space  from  the  wall  of  the  building  to 
the  columns  is  preserved,  it  is  pseudo-dipteral. 

Pnddlt.  To  settle  loose  dirt  by  turning  on  water,  so  as  to  render  it  firm  and 
solid. 

Pugging.  A  coarse  kind  of  mortar  laid  on  the  boarding,  between  floor  joists, 
to  prevent  the  passage  of  sound;  also  called  deafening. 

Pnlflt  A  raised  platform  with  endoeed  front,  whence  sermons,  homilies,  etc., 
were  delivered.  Pulpits  were  probably  derived  in  their  modem  form  from  the 
ambonss  In  the  early  Christian  church.  There  are  many  old  pulpits  of  stone, 
though  the  majority  are  of  wood.  Those  in  the  churches  are  generally  heiagonal 
or  octagonal;  and  some  stand  on  stone  bases,  and  others  on  slender  wooden 
stems,  Uke  columns.  The  designs  vary  according  to  the  periods  in  which  they 
were  erected,  having  paneling,  tracery,  cuspings,  crockets,  and  other  ornaments 
then  in  use.  Some  are  extremely  rich,  and  omamented  with  color  and  gilding. 
A  few  also  have  fine  canopies  or  sounding  boards.  Their  usual  place  is  in  the 
nave,  mostly  on  the  north  side,  against  the  second  pier  from  the  chancel  arch. 
Pulpiu  for  addressing  the  people  Ui  the  open  air  were  common  in  the  Medieval 
period,  and  stood  near  a  road  or  cross.  Thus,  there  was  one  at  Spitaliielda,  and 
one  at  St.  Paul's,  London*  External  pulpita  still  remain  at  Magdalen  College, 
Oxford,  and  at  Shrewsbuxy,  England. 

Poittiig.  Those  pieces  of  timbers  wUch  support  the  rafters  to  prevent  thera 
from  sinking.  ^  ,     < 
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Putiog.  Horizontal  pieces  for  supporting  the  floor  of  a  scaffold,  one  end  being 
inserted  into  putlog  holes,  left  for  that  purpose  in  the  maaonzy. 

Putty  in  PUurtering.  Lump  lime  slacked  with  water  to  the  coosiste&cy  of 
cream,  and  then  left  to  harden  by  evaporation  till  it  becomes  like  soft  putty.  It 
is  then  mixed  with  piaster  of  Paris,  or  sand,  for  the  finishing  coat. 

Puzzolana.    A  grayish  earth  used  fop  building  under  water.  ^ 

Pyramid.  A  solid,  having  one  of  its  sides,  called  a  base,  a  plane  figure*  and 
the  other  sides  triangles,  these  points  joining  in  one  point  at  the  top^  called  the 
.  vertex.  Pjrramids  are  called  triangular,  square,  etc,  according  to  the  form  of 
their  bases.  , 

Pyx.  In  Roman  Catholic  churches,  the  box  in  which  the  host,  or  consecrated 
wafer,  is  kept. 

Quadrangle.  A  square  or  quadrangular  court  surrounded  by  buildings,  as 
was  often  done  formerly  in  monasteries,  colleges,  etc. 

Quany.    A  pane  of  glass  cut  in  a  diamond  or  lozenge  form. 

Quarry-face.  Ashlar  as  it  comes  from  the  quarry,  squared  off  for  the  joints 
only,  with  split  face.  In  distinction  from  Rock-face,  in  that  the  latter  may  be 
weather-worn,  while  Quarry-face  should  be  fresh  split.  The  terms  are  often 
used  indiscriminately. 

Quatref  oil.  Any  small  panel  or  perforation  in  the  form  of  a'four-teaved  flower. 
Sometimes  used  alone,  sometimes  in  circles  and  over  the  aisle  windows,  but  more 
frequently  in  square  panels.  They  are  generally  cusped,  and  the  cusps  are  often 
feathered. 

Queen  Truaa.  A  truss  framed  with  two  vertical  tie-posts,  in  distinction  from 
the  king-post,  which  has  but  one.    The  upright  ties  are  called  Queen-posts. 

Quirk  Moldings.  The  convex  part  of  Grecian  moldings  when  they  recede  at 
the  top,  forming  a  reentrant  angle,  with  the  surface  which  covers  the  moldings. 

Quoins.  Large  squared  stones  at  the  angles  of  buildings,  buttresses,  etc., 
generally  used  to  stop  the  rubble  or  rough  stone  work,  and  that  the  angles  may 
be  true  and  stronger.  Saxon  quoin  stones  are  said  to  have  been  composed  of 
one  long  and  one  short  stone  alternately.  Early  quoins  are  generally  roughly 
axed;  in  later  times  they  had  a  draught  tooled  by  the  chisel  round  the  outside 
edgeS)  and  later  still  were  worked  fine  from  the  saw. 

Rafters.  The  joist  to  which  the  roof  boarding  is  nailed.  Principal  rafters 
are  the  upper  timbers  in  a  truss,  having  the  same  inclination  as  the  oommon 
rafters. 

Rail.  A  piece  of  timber  or  metal  extending  from  one  post  to  another,  as  in 
fences,  balustrades,  staircases,  etc.  In  framing  and  paneling,  the  horizontal 
pieces  are  called  rails,  and  the  perpendicular,  sHles. 

Raking.    Moldings  whose  arrises  are  inclined  to  the  horizon. 

Ramp.  A  concavity  on  the  upper  side  of  hand  railings  formed  over  risers 
made  by  a  sudden  rise  of  the  steps  above.  Any  concave  bend  or  slope  in  the  cap 
or  upper  member  of  any  piece  of  ascending  or  descending  workmanship. 

Rampant.  A  term  applied  to  an  arch  whose  abutments  spring  from  an 
inclined  plane. 

Random  Work.  A  term  used  by  stone-masons  for  stones  fitted  together  at 
random  without  any  attempt  at  laying  them  in  courses.  Random  Coursed  Work 
is  a  like  term  applied  to  work  coursed  in  horizontal  beds,  but  the  stones  are  of  any 
height,  and  fitted  to  one  another. 
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Range  Work.    Ashlar  laid  in  homontal  courses;  same  as  coursed  ashlar. 

Rebfttt.    A  groove  on  the  edges  of  a  board. 

Recess.    A  depth  of  some  inches  in  the  thickness  of  a  wall,  as  a  niche,  etc. 

Refectory.  The  hall  of  a  monastery,  convent,  etc.,  where  the  religious  took 
their  chief  meals  together.  It  much  resembled  the  great  haUs  of  mansions, 
castles,  etc.,  except  that  there  frequently  was  a  sort  of  ambo,  approached  by 
steps,  from  which  to  read  the  Legenda  Sadctorum,  etc,  during  meals. 

Reglet.  A  flat,  narrow  molding,  used  to  separate  from  each  other  the  parts 
or  members  of  compartments  and  panels,  to  form  frets,  knots,  etc. 

Renaissance  (a  new  birth).  A  name  given  to  the  revival  of  Roman  architec- 
ture which  sprang  into  existence  Iq  Italy  as  early  as  the  beginning  of  the  fifteenth 
century,*  and  reached  its  zenith  in  that  country  at  the  close  of  the  century. 
There  are  several  divisions  of  this  style  as  devdoped  in  different  localities;  viz.. 
The  Florentine  Renaissance,  of  which  the  Pitti  Palace,  by  Bnmelleschi,  is  one 
of  the  best  examples. 

The  Venetian  Renaissance,  characterized  by  its  elegance  and  richness. 

The  Roman  Renaissance,  which  originated  in  Rome,  under  the  architects 
known  as  Bronte,  Vignola,  and  Michael  Angelo.  Of  this  style  the  Famese  Palace^ 
St.  Peter's,  and  the  modem  Capitol  at  Rome  are  the  best  examples. 

The  French  Renaissance,  introduced  into  France  in  the  latter  part  of  the  fif- 
teenth century,  by  Italian  architects,  where  it  flourished  until  the  middle  of  the 
seventeenth  century.  The  Renaissance  style  was  introduced  into  Germany 
about  the  middle  of  the  sixteenth  century,  and  into  England  about  the  same 
time  by  John  of  Padua,  architect  to  Henry  VIII.  This  style  in  England  is  gen- 
erally known  under  the  name  of  Elizabethan. 

Rendering.  In  drawing,  finishing  a  perspective  drawing  in  ink  or  color,  to 
bring  out  the  spirit  and  effect  of  the  flesign.  The  first  coat  of  plaster  on  brick 
or  stone  work. 

Reredos,  Dorsal,  or  Dossel.  The  screen  or  other  ornamental  work  at  the 
back  of  an  altar.  In  some  large  English  cathedrals,  as  Winchester,  Durham,  St. 
Albans,  etc.,  this  is  a  mass  of  splendid  tabernacle  work,  reaching  neariy  to  the 
groining.  In  smaller  churches  there  are  sometimes  ranges  of  arcades  or  panelings 
behind  the  altars;  but,  in  general,  the  walls  at  the  back  and  sides  of  them  were  of 
plain  masonry,  and  adorned  with  hangings  or  paraments.  In  the  large  churches 
of  Continental  Europe  the  high  altar  usually  stands  under  a  sort  of  canopy  or 
dborium,  and  the  sacrarium  is  hung  round  at  the  back  and  sides  with  curtains  on 
movable  rods. 

Reticulated  Work.  That  in  which  the  courses  are  arranged  in  a  form  like 
the  meshes  of  a  net.    The  stones  or  bricks  are  square  and  placed  losenge-wise. 

Return.  The  continuation  of  a  molding,  projection,  etc.,  in  an  opposite 
direction. 

Return  Head,    One  that  appears  both  on  the  face  and  edge  of  a  work. 

Reveal.  The  two  vertical  ades  of  an  aperture,  between  the  front  ci  a  wail  and 
the  window  or  door  frame. 

Rib.  A  molding  or  projecting  piece  upon  the  interior  of  a  vault,  or  used  to 
form  tracery  and  the  like.  The  earliest  groining  had  no  ribs.  In  early  Norman 
times  plain  flat  arches  crossed  each  other,  forming  ogive  ribs.  These  by  degrees 
became  narrower,  had  greater  projection,  and  were  chamfered.  In  later  Nor- 
man work  the  ribs  were  often  formed  of  a  large  roll  placed  upon  the  flat  band, 
and  then  of  two  rolls  side  by  side  with  a  smaller  roll  or  a  fillet  between  their 
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much  Uke  the  lower  member.  Sometimes  they  are  em^ched  with  agags  ind 
other  Norman  decorations,  and  about  this  time  bosses  became  of  veiy  gmtnl 
use.  As  styles  progressed,  the  moldings  were  more  undercut^  richer,  and  more 
elaborate,  and  had  the  dog-tooth  or  ball-flower  or  other  characteristic  ornament 
in  .the  hollows.  In  all  instances  the  moldings  are  of  similar  oontoois  to  those 
of  arches,  etc.,  of  the  respective  periods.  Later,  wooden  loofs  are  often  foimed 
into  cants  or  polygonal  barrel  vaults,  and  in  these  the  ribs  are  generally  a  duster 
of  rounds,  and  form  square  or  stellar  panels,  with  carved  bosses  or  shieUs  at  the 
intersections. 
Ridge.    The  top  of  a  roof  which  rises  to  an  acute  aag^ 

Rldg«-pole.  The  highest  horizontal  timber  m  a  roof,  extending  from  top  to 
top  of  the  several  pairs  of  rafters  of  the  truss^  for  supporting  the  heads  of  the 
jack  rafters. 

Riliero,  or  Relief.    The  projection  of  an  architectural  ornament. 

Rise.  The  distance  through  which  anything  rises,  as  the  rise  of  a  stair,  or 
inclined  plane. 

Riser.    The  vertical  board  under  the  tread  in  stairs. 

Rococo  Style.  A  name  given  to  that  variety  of  the  Renaissance  which  was  in 
vogue  during  the  seventeenth  and  the  latter  part  of  the  sixteenth  century. 

Romanesque  Style.  The  term  Romanesque  embraces  all  those  styles  of  ar- 
chitecture which  prevailed  between  the  destruction  of  the  Roman  £Unpire  and  the 
beginning  of  Gothic  architecture.  In  it  are  included  the  Early  Roman  Christiao 
architecture,  Bysantine,  Mahometan,  and  the  later  Romanesque  architecture 
proper,  which  was  developed  in  Italy,  France,  England,  and  Germany.  This 
later  Romanesque,  which  was  qxiite  different  from  the  preceding,  came  into  vogue 
during  the  tenth  century,  and  reached  its^eight  during  the  twejfth  century,  and 
in  the  thirteenth  century  gave  way  to  the  Pointed  or  Gothic  style.  In  England. 
Romanesque  architecture  is  known  under  the  name  of  the  Saxon,  Norman,  and 
Lombard  styles,  according  to  the  different  political  periods. 

Rood.  A  name  applied  to  a  crucifix,  particularly  to  those  which  were  placed 
in  the  rood-loft  or  chsincel  screens.  These  generally  had  not  only  the  image  of 
the  crucified  Saviour,  but  also  those  of  St.  John  and  the  Virgin  Maiy  standing 
one  on  each  side.  Sometimes  other  saints  and  angels  are  by  them,  and  the  top 
of  the  saeen  is  set  with  candlesticks  or  other  decoration. 

Rood-loft,  Rood-screen,  Rood-beam,  Jnbe  GaUtfy,  etc.  The  airaage^ 
ment  to  carry  the  crucifix  or  rood,  and  to  screen  off  the  chancel  from  the  rest  of 
the  church  during  the  breviary  services,  and  as  a  pbu»  whence  to  read  certain 
parts  of  those  services.  Sometimes  the  crucifix  is  carried  simply  on  a  strong  trans- 
verse beam,  with  or  without  a  low  screen,  with  folding-doors  below  but  forming  no 
part  of  such  support.  In  European  churches  the  general  construction  of  wooden 
screens  is  close  paneling  beneath,  about  3  feet  to  3  feet  6  inches  high,  on  which 
stands  screen  work  composed  of  slender  turned  balusters  or  regular  wooden 
mullions,  [Supporting  tracery  more  or  less  rich,  with  cornices,  cresting,  etc,  and 
often  painted  in  brilliant  colors  and  gilded.  These  not  only  eodoae  the  cbsBoels. 
but  abo  chapels,  chantries,  and  sometimes  even  tombs.  In  English  manasoos, 
and  some  private  houses,  the  great  halls  were  screened  off  by  a  low  passage  at  the 
end  opposite  to  the  dais,  over  which  was  a  gallery  for  the  use  of  minstrels  or 
spectators.    These  screens  were  sometimes  close  and  sometimes  glased. 

Rood-^ower.  A  name  given  by  some  writers  to  the  central  tower,  or  that 
over  the_intersection  of  the  nave  and  chancel  with  the  transepts. 
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Roof.    Tbt  covering  or  upper  part  of  any  building. 
Roofing.    The  material  put  on  a  roof  to  make  it  water-tight. 

Rose  Window.  A  name  given  to  a  circular  window  with  radiating  tracery; 
called  also  wheel  window. 

Rostrum.    An  elevated  platform  from  which  a  speaker  addresses  an  audience. 

Rotunda.  A  building  which  is  roimd  both  within  and  without.  A  circular 
room  under  a  dome  in  large  buildings  is  also  called  the  rotunda. 

Roughcast.  A  sort  of  external  plastering  in  which  small  sharp  stones  are 
mixed,  and  which,  when  wet,  is  forcibly  thrown  or  cast  from  a  trowel  against  the 
wall,  to  which  it  forms  a  coating  of  pleasing  appearance.  Roughcast  work  has 
been  used  in  Europe  for  several  centuries,  where  it  was  much  used  in  timber 
houses,  and  when  well  executed  the  work  is  sound  and  durable.  The  mortar  for 
roughcast  work  should  always  have  cement  mixed  with  it. 

Rubble  Work.  Masonry  of  rough,  undressed  stones.  When  only  the  rough- 
est irregularities  are  knocked  off,  it  is  called  scabbled  rubble,  and  when  the  stones 
in  each  course  are  rudely  dressed  to  nearly  a  uniform  height,  ranged  rubble. 

Rudenture.  The  figure  of  a  rope  or  staff,  which  is  frequently  used  to  fill  up 
the  flutings  of  columns,  the  convexity  of  which  contrasts  with  the  concavity  of 
the  flutings,  and  serves  to  strengthen  the  edges.  Sometimes,  instead  of  a  convex 
shape,  the  flutings  are  filled  with  a  flat  surface;  sometimes  they  are  ornamentally 
carved,  and  sometimes  on  pilasters,  etc.  Rudentures  are  used  in  relief  without 
flutings,  as  their  use  is  to  give  greater  solidity  to  the  lower  part  of  the  shaft,  and 
secure  the  edges.  They  are  generally  only  used  in  columns  which  rise  from  the 
ground  and  are  not  to  reach  above  one-third  of  the  height  of  the  shaft. 

Rustic  or  Rock  Work.  A  mode  of  buitdmg  in  imitation  of  nature.  This 
term  b  applied  to  those  courses  of  stone  work  the  face  of  which  is  jagged  or 
picked  so  as  to  present  a  rough  surface.  That  work  is  also  called  rustic  in  which 
the  horizontal  and  vertical  channels  are  cut  in  the  joinings  of  stones,  so  that  when 
placed  together  an  angular  channel  is  formed  at  each  joint.  Frosted  rustic  work 
has  the  margins  of  the  stones  reduced  to  a  plane  pKuallel  to  the  phine  of  the  wall, 
the  intermediate  parts  having  an  irregular  surface.  Vermiculaied  rustic  work  has 
these  intermediate  parts  so  worked  as  to  have  the  appearance  of  having  been 
eaten  by  worms.  Rustic  chamfered  work,  in  which  the  face  of  the  stones  is 
smooth,  and  parallel  to  the  face  of  the  wall,  and  the  angles  beveled  to  an  angle  of 
one  hundred  and  thirty-five  degrees  with  the  face  so  that  two  stones  coming 
together  on  the  wall,  the  beveling  will  form  an  internal  right  angle. 

Sacristy.  A  small  chamber  attached  to  churches,  where  the  chalices,  vest- 
ments, books,  etc.,  were  kept  by  the  officer  called  the  sacristan.  In  the  early 
Christian  basilicas  there  were  two  semicircular  recesses  or  apsides,  one  on  each 
side  of  the  altar.  One  of  these  served  as  a  sacristy,  and  the  other  as  the  biblio- 
theca  or  library.  Some  have  supposed  the  sacristy  to  have  been  the  place  where 
the  vestments  were  kept,  and  the  vestry  that  where  the  priests  put  them  on;  but 
we  find  from  Durandus  that  the  sacrariinn  was  used  for  both  these  purposes. 
Sometimes  the  place  where  the  altar  stands  enclosed  by  the  rails  has  been  called 
sacrarium. 

Saddle  Bars.  Narrow  horizontal  iron  bars  passing  from  muUion  to  mulKon, 
and  often  through  the  whole  window,  from  side  to  side,  to  steady  the  stone  work, 
and  to  form  stays,  to  which  the  lead  work  is  secured.  When  the  bays  of  the 
windows  are  wide,  the  lead  lights  are  further  strengthened  by  upright  bars 
passing  through  eyca  forged  on  the  saddle  bars,  and  called  stanchions. ,  Wbc» 
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saddle  bars  pass  right  through  the  muUions  in  one  piece,  and  are  secured  to  the 
jambs^  they  have  sometimes  been  called  stay  bars. 

Sagging.  The  bending  of  a  body  m  the  middle  by  its  own  weight,  or  the  load 
upon  it. 

Salient.    A  projection. 

Salon.  A  spacious  and  elegant  apartment  for  the  reception  of  company,  or 
for  state  purposes,  or  for  the  reception  of  paintings,  and  usually  extending 
through  two  stories  of  the  house.  It  may  be  square,  oblong,  polygonal,  or 
circular. 

Sanctuary.  That  part  of  a  church  where  the  altar  b  placed;  also,  the  most 
sacred  or  retired  part  of  a  temple.    A  place  for  divine  worship;  a  church. 

SanctUB  Bell-cot,  or  Turret.  A  turret  or  enclosure  to  hold  the  small  bell 
sounded  at  various  parts  of  the  service,  particularly  where  the  words  *'Sanctus." 
etc.,  are  read.  This  differs  but  little  from  the  conunon  bell-cot,  except  that  it  is 
generally  on  the  top  of  the  arch  dividing  the  nave  from  the  chancel.  Sometimes, 
however,  the  bell  seems  to  have  been  placed  in  a  cot  outside  the  wall.  In  Eng- 
land sanctus  bells  have  also  been  placed  over  the  gables  of  porches.  In  Conti- 
nental Europe  they  r\m  up  into  a  sort  of  small  slender  spire,  called  fiechc  in 
France,  and  guglio  in  Italy. 

Saracenic  Architecture.  That  Eastern  style  employed  by  the  Saracens,  and 
which  distributed  itself  over  the  world  with  the  religion  of  Mahomet.  It  is  a 
modification  and  combination  of  the  various  styles  of  the  countries  which  they 
conquered. 

Sarcophagua.  A  tomb  or  coffin  made  of  stone,  and  intended  to  contain  the 
body. 

Sash.    The  framework  which  holds  the  glass  in  a  window. 

Scabble.  To  dress  off  the  rougher  projections  of  stones  for  rubble  masonry 
with  a  stone  axe  or  scabbling  hammer. 

Sca^ola.  An  imitation  of  colored  marbles  in  plaster  work,  made  by  a  com- 
bination of  gypsum,  glue,  isinglass,  and  coloring  matter,  and  ^nishcd  with  a  high 
polish,  invented  between  x6oo  and  1649. 

Scantling.  The  dimensions  of  a  piece  of  timber  in  breadth  and  thickness; 
also,  studding  for  a  partition,  when  under  five  inches  square. 

Scarfing.  The  joining  and  bolting  of  two  pieces  of  timber  together  trans- 
versely, so  that  the  two  appear  as  one. 

Sconce.    A  fixed  hanging  or  projecting  candlestick. 

Scotia.  A  concave  molding,  most  commonly  used  in  bases,  which  projects  a 
deep  shadow  on  itself,  and  is  thereby  a  most  effective  molding  under  the  eye, 
as  in  a  base.  It  is  like  a  reversed  ovolo,  or,  rather,  what  the  mold  of  an  ovolo 
would  present. 

Scratch  Coat.  The  first  coat  of  plaster,  which  is  scratched  to  afford  a  bond 
for  the  second  coat. 

Screeds.  Long  narrow  strips  of  plaster  put  on  horizontally  along  a  wall,  and 
carefully  faced  out  of  wind,,  to  serve  as  guides  for  plastering  the  wide  intervals 
between  them. 

Screen.  Any  construction  subdividing  one  part  of  a  building  from  another, 
as  a  choir,  chantry,  chapel,  etc.  The  earliest  screens  are  the  low  marble  podia 
shutting  off  the  chorus  cantantium  in  the  Roman  basilicas,  and  the  peHorated 
cancelU  enclosing  the  bema,  altar,  and  seats  of  the  bishops  and  presbyters.  The 
chief  screens  in  a  church  are  thiiose  which  enclose  the  dioir  or  the  place  where 
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the  breviary  services  are  recited.  In  Continental  Europe  this  is  done  not  only  by 
doors  and  screen  work,  but  also,  when  these  are  of  open  work,  by  .curtains,  the 
laity  having  no  part  in  these  services.  In  England  screens  were  of  two  kinds: 
one,  of  open  wood-work,  generally  called  rood-screens  or  jubes,  and  which  the 
French  call  griUeSt  ddtwres  du  chcntr;  the  other,  massive  enclosures  of  stone  work 
enriched  with  niches,  tabernacles,  canopies,  pinnacles,  statues,  crestings,  etc.,  as 
at  Canterbury,  York,  Gloucester,  and  many  other  places. 

Scribing.    Fitting  wood-work  to  an  irregular  surface. 

Section.  A  drawing  showing  the  internal  heights  of  the  various  parts  of  a 
building.  It  supposes  the  building  to  be  cut  through  entirely,  so  as  to  exhibit 
the  walls,  the  heights  of  the  internal  doors  and  other  apertures,  the  heights  of 
the  stories,  thicknesses  of  the  floors,  etc.  It  is  one  of  the  species  of  drawings 
necessary  to  the  exhibition  of  a  Design. 

Sedilia.  Seats  used  by  the  celebrants  during  the  pauses  in  the  mass.  They 
are  generally  three  in  number  —  for  the  priest,  deacon,  and  sub-deacon  —  and 
are  in  England  almost  always  a  species  of  niches  cut  into  the  south  walls  of 
churches,  separated  by  shafts  or  by  a  species  of  mullions»  and  crowned  with 
canopies,  pinnacles,  and  other  enrichments  more  or  less  elaborate.  The  piscina 
and  ambry  sometimes  are  attached  to  them.  In  Continental  Europe  the  sedilia 
are  often  movable  seats;  a  single  stone  seat  has  rarely  been  found. 

SetH>£F.  The  horizontal  line  shown  where  a  wall  is  reduced  in  thickness,  and, 
consequently,  the  part  of  the  thicker  portion  appears  projecting  before  the 
thinner.  In  plinths  this  is  generally  simply  chamfered.  In  other  parts  of  work 
the  set-off  is  generally  concealed  by  a  projecting  string.  Where,  as  in  parapets, 
the  upper  part  projects  before  the  lower,  the  break  is  generally  hid  by  a  corbel 
table.  The  portions  of  buttress  caps  which  recede  one  behind  another  are  also 
called  set-offs. 

Shaft.  In  Classical  architecture  that  part  of  a  column  between  the  necking 
and  the  apophyge  at  the  top  of  the  base.  In  later  times  the  term  is  applied  to 
slender  columns  either  standing  alone  or  in  connection  with  pillars,  buttresses, 
jambS)  vaulting,  etc 

Shod  Roof,  or  Loan*to.  A  roof  with  only  one  set  of  rafters,  falling  from 
a  higher  to  a  lower  wall,  like  an  aisle  roof. 

Shore.  A  piece  of  timber  placed  in  an  oblique  direction  to  support  a  building 
or  wall  temporarily  while  it  is  being  repaired  or  altered. 

Shrine.  A  sort  of  ark  or  chest  to  hold  relics.  It  is  sometimes  merely  a  small 
box,  generally  with  a  raised  top  like  a  roof;  sometimes  an  actual  model  of 
churches;  sometimes  a  large  construction,  like  that  of  Edward  the  Confessor  at 
Westminster,  of  St.  Genevieve  at  Paris,  etc.  Many  are  covered  with  jewels  in 
the  richest  way;  that  of  San  Carlo  Borromeo,  at  Milan,  is  of  beaten  silver. 

.  Sills.  Are  the  timbers  on  the  ground  which  support  the  posts  and  superstruc- 
ture of  a  timber  building.  The  term  is  most  frequently  applied  to  tho^c  pieces 
of  timber  or  stone  at  the  bott9m  of  doors  or  windows. 

Skewback.    The  hdlned  stone  from  which  an  arch  springs. 

SkirtingB.  The  narrow  boards  which  form  a,  plinth  around  the  margin  of  a 
floor,  now  generally  called  the  base. 

Sleeper.    A  piece  of  timber  laid  on  the  ground  to  receive  floor  Joists. 

Soffit.  The  lower  horizontal  face  of  anything  as,  for  example,  of  an  entab- 
lature resting  on  and  l3dng  open  between  the  columns,  or  the  under  fa^  of  an  ar^^ 
^bere  its  thickness  is  seen. 
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Sound  Board.    The  Govering  of  a  pulpit  to  deflect  the  sound  into  «  dnirch. 

Spall.    Bad  or  broken  brick;  stone  chips. 

Span.    The  distance  between  the  supports  of  a  beam,  girder,  arch,  truss,  etc. 

Spandrel,  or  Spandril.  The  space  between  any  arch  or  curved  brace  and  the 
level  label,  beams,  etc,  over  the  same.  The  spandrels  over  doorways  in' Perpen- 
dicular works  are  generally  richly  decorated. 

Specification.  Architect's.  The  designation  of  the  kind,  quality,  and 
quantity  of  work  and  material  to  go  in  a  building,  in  conjunction  with  the  woricing 
drawings. 

Spire.  A  sharply  pointed  pyramid  or  large  pinnacle,  generally  octagonal  in 
England,  and  forming  a  finish  to  the  tops  of  towers.  Timber  spires  are  very 
common  in  England.  Some  are  covered  with  lead  in  flat  sheets,  others  with  the 
same  metal  in  narrow  strips  laid  diagonally.  Very  many  are  covered  with 
shingles.  In  Continental  Europe  there  are  some  elegant  examples  of  spires  of 
open  timber  work  covered  with  lead. 

Splayed.  The  jamb  of  a  door,  or  anything  else  of  which  one  side  makes  an 
oblique  angle  with  the  other. 

Springe^.  The  stone  from  which  an  arch  springs;  in  some  ca^es  this  is  a 
capital,  or  impost;  in  other  cases  the  moldings  continue  down  the  pier.  The 
lowest  stone  of  the  gable  is  sometimes  called  a  springer. 

Squlachea.  Small  arches  or  corbeled  setK>£fs  running  diagonally  and,  as  it 
were,  cutting  off  the  comers  of  the  interior  of  towers^  to  bring  them  from  the 
square  to  the  octagon,  etc.,  to  carry  the  spire. 

Squint  An  oblique  opening  in  the  wall  of  a  church;  especially,  in  medieval 
architecture,  an  opening  so  placed  as  to  afford  a  view  of  the  high  altar  from  the 
transept  or  aisles. 

Staging.  A  structure  of  posts  and  boards  for  supporting  wtn-kmte  and 
material  in  building. 

Stall.  A  fixed  seat  in  the  choir  for  the  use  of  the  dergy.  In  early  Chrisdao 
times  the  thronus  cathedra,  or  seat  of  the  bishop,  was  in  the  center  of  the  apsis 
or  bema  behind  the  altar,  and  against  the  wall;  those  of  the  preabytats  aho  were 
against  the  wall,  branching  off  from  side  to  side  around  the  semidrde.  In  later 
times  the  stalls  occupied  both  sides  of  the  choir,  return  seats  being  placed  at  the 
ends  for  the  prior,  dean,  precentor,  chancellor,  or  other  officers.  In  general,  in 
cathedrals,  each  stall  is  surmounted  by  tabemade  work,  and  rich  canopies, 
generally  of  oak. 

Stanchion.  A  word  derived  from  the  French  Hancont  a  wooden  post,  applied 
to  the  upright  iron  bars  which  pass  through  the  eyes  of  the  saddle  bars  or  hori> 
zontal  irons  to  steady  the  lead  lights.  The  French  call  the  latter  traverses,  the 
stanchions  numtanis,  and  the  whole  arrangement  armature.  Stanchions  fre- 
quently finish  with  ornamental  heads  forged  out  of  the  iron. 

Steeple.    A  general  name  for  the  whole  arrangement  of  tower,  belfry,  spire,  etc. 

Stereobate.  A  basement,  distinguished  from  the  nearly  equivalent  tenn  sty- 
lobate  by  the  absence  of  columns. 

Stile.    The  upright  piece  m  framing  or  paneling. 

Stilted*  Anything  raised  above  its  usual  level.  An  arch  is  stilted  whan  its 
centre  is  raised  above  the  line  from  which  the  arch  appears  to  spring. 

Stoop.    A  seat  before  the  door;  of  ten  a  pocdi  with  a  balustrade  and  seats  on 
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Stottp*  A  basin  for  holy  water  at  the  entrance  of  Roman  Catholic  churches, 
into  which  all  who  enter  dip  their  fingers  and  cross  themselves. 

Straight  Arch.  A  form  of  arch  in  which  the  intradoe  is  straight,  but  with  its 
joints  radiating  as  in  a  common  arch. 

Strap.  An  iron  plate  for  connecting  two  or  more  timbers,  to  which  it  is 
screwed  by  bolts.    It  generally  passes  around  one  of  the  timbers. 

Stretcher.    A  brick  or  block  of  masonry  laid  lengthwise  of  a  wall. 

String  Board.  A  board  placed  next  to  the  well-hole  in  wooden  stairs,  termi- 
nating the  ends  of  the  steps.  The  string  piece  is  the  piece  of  board  put  under 
the  treads  and  risers  for  a  support,  and  forming  the  support  of  the  stair. 

String-xourse.  A  narrow,  vertically  faced  and  slightly  projecting  course  in 
an  elevation.  If  window-sills  are  made  continuous,  they  form  a  string-course; 
but  if  this  course  is  made  thicker  or.  deeper  than  ordinary  window-sills,  or  covers 
a  set-off  in  the  wall,  it  becomes  a  blocking-course.  Also,  horizontal  moldings 
running  under  windows,  separating  the  walls  from  the  plain  part  of  the  parapets, 
dividing  towers  into  stories  or  stages,  etc.  Their  section  is  much  the  same  as 
the  labels  of  the  respective  periods;  in  fact,  these  last,  after  passing  round  the 
windows,  frequently  run  on  horizontally  and  form  strings^  Like  labels^  thciy  are 
often  decorated  with  foliages,  ball-flowers^  etc. 

Studs,  or  Studding.  The  small  timbers  used  in  partitioas  and  oatskie  wooden 
walls,  to  which  the  laths  and  boards  are  naikxi. 

Style.  The  term  style  in  architecture  has  obtained  a  conventional  meaning 
beyond  its  simpler  one,  which  applies  only  to  columns  and  columnar  arrange- 
ments. Itjis  now  used  to  signify  the  differences  in  the  moldings,  general  out- 
lines, ornaments,  and  other  details  which  exist  between  the  works  of  various 
nations,  and  also  those  differences  which  are  found  to  exist  between  the  works  of 
any  nation  at  different  times, 

Stylobate.  A  basement  to  columns.  Stylobate  is  ^ynonsrmous  with  pedestal, 
but  is  applied  to  a  continued  and  imbroken  substructure  or  basement  to  columns, 
while  the  latter  term  is  confined  to  insulated  supports.  The  Greek  temples  gen- 
erally had  three  or  more  steps  all  around  the  temple,  the  base  of  the  column 
resting  on  the  top  step;  this  was  the  stylobate. 

Subsellium.  A  name  sometimes  given  to  the  seat  in  the  stalls  of  churches; 
same  as  miserere. 

Summer.  A  girder  or  main-beam  of  a  floor;  if  supported  on  two-story  posts 
and  open  below,  it  is  called  a  Brace-summer. 

Surbaae.  A  cornice  or  series  of  moldings  on  the  top  of  the  base  of  a  pedestal, 
podium,  etc.;  a  molding  above  the  base. 

Surface.    To  make  plane  and  smooth. 

Sya^le.    An  intercolumniati<»)  to  which  two  diameters  are  assigned. 

Tabemade.  A  spedes  of  niche  or  recess  m  which  an  unage  may  be  placed. 
They  are  generally  highly  ornamented  and  often  surmounted  with  crocketed 
gables.  The  word  tabernacle  is  also  often  used  to  denote  the  receptocle  for  relics, 
which  was  often  made  in  the  form  of  a  small  house  or  church. 

Tabemade  Work.    The  rich  ornamental  tracery  forming  the  canc^y.  etc.. 
to  a  tabernacle,  is  called  tabemade  work;  it  is  common  in  the  stalls  and  screens 
of  cathedrals,  and  in  them  is  generally  open  or  pierced  through. 
UTaUTrimmer.    A  trinuner  next  to  the  waU,  into  which  the  ends  of  joists  are 
iastencd  to  avoid  flues. 
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Tamp.  To  potmd  the  earth  down  around  a  wall  after  it  has  been  thrown  in. 
;  Tapestry.  A  kind  of  woven  hangings  of  wool  or  sillc,  ornamented  with  figures^ 
and  used  formerly  to  cover  and  adom  the  walls  of  rooms.  They  were  often  oC 
the  most  costly  materials  and  beautifully  embroidered. 

Tem]de.  An  edifice  destined,  in  the  earliest  times,  for  the  public  exerdse  of 
religious  worship. 

Templet,  or  Template.  A  mold  used  by  masons  for  cutting  or  setting  work. 
A  short  piece  of  timber  sometimes  laid  under  a  girder. 

Terminal.    Figures  of  which  the  upper  parts  only,  or  perhaps  the  head  and 
shouklers  alone,  are  carved,  the  rest  running  into 
a  parallelopiped,  and  sometimes  into  a  diminishing 
pedestal,  with  feet  indicated  below,  or  even  with- 
out them,  are  called  terminal  figures. 

Terra-cotta*  Baked  day  of  a  fine  quality. 
Much  used  for  baa-reliefs  for  adorning  the  friezes 
of  temples.  In  modem  times  employed  for  archi- 
tectural ornaments,  statues,  vases»  etc. 

TesaeHated  Pavements.  Those  formed  of 
tessere,  or,  as  some  write  it,  tesscthc,  or  small 
cubes  from  half  an  inch  to  an  inch  square,  like 
dice,  of  pottery,  stone,  marble,  enamel,  etc. 

Tetraatyle.    A  portico  of  four  columns  in  front. 

Tholobate.  That  on  which  a  dome  or  cupola 
rests.  This  is  a  term  not  in  general  use,  but  it  is  not 
the  less  of  useful  application.  What  is  generally 
termed  the  attic  above  the  peristyle  and  under  the  cupola  of  St.  Paul's,  London, 
would  be  correctly  designated  the  tholobate.  A  tholobate  of  a  different  descrip- 
tion, and  one  to  which  no  other  name  can  well  be  applied,  is  the  circular  sub- 
structure to  the  cupola  of  the  University  College,  London. 

Throat.  A  channel  or  groove  made  on  the  under-side  of  a  string-course, 
coping,  etc,  to  prevent  water  from  running  inward  toward  the  walls. 

Tie.  A  timber,  rod,  chain,  etc,  binding  two  bodies  together,  which  have  a 
tendency  to  separate  or  diverge  from  each  other.  The  tie-beam  connects  the 
bottom  of  a  pair  of  principal  rafters,  and  prevents  them  from  bursting  out  the 
waU. 

Tiles.  Flat  pieces  of  day  burned  in  kilns,  to  cover  roofs  in  place  of  slates  or 
lead.  Also,  flat  pieces  of  burned  day,  dther  plain  or  ornamented,  glazed  or 
unglajsed,  used  for  floors,  wainscoting,  and  about  fireplaces,  etc.  Small  square 
pieces  of  marble  are  also  called  tile. 

Tongue.    The  part  of  a  board  left  projecting,  to  be  inserted  mto  a  groove. 

Tooth  Ornament.  One  of  the  peculiar  marks  of  the  Eariy  Engh'sh  period  of 
Gothic  architecture,  generally  inserted  in  the  hollow  moldings  of  doorways 
windows,  etc. 

Torso.  A'mutilated  statue  of  which  nothing  remains  but  the  trunk.  Columns 
with  twisted  shafts  have  also  this  term.    Of  this  kind  there  are  several  varieties. 

Torus.    A   protuberance    or    swelling,    a   molding  ^  ,    t^ 

whose  form  is  convex,  and  generally  nearly  approaches  (  i    •  y 

a  semidrde.    It  is  most  frequently  used  in  bases,  and      -. -X 

b  generally  the  lowest  molding  in  a  base.  TORUS 
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Tower.  An  elevated  building  originally  designed  for  purposes  of  defence. 
Those  buildings  are  of  the  remotest  antiquity,  and  are,  indeed,  mentioned  in  the 
earliest  Scriptures.  In  mediaeval  times  they  were  generally  attached  to  churches, 
to  cemeteries,  to  castles,  or  used  as  bell-towers  in  public  places  of  large  dties. 
In  churches,  the  towers  of  the  Saxon  period  were  generally  square.  Norman 
towers  were  also  generally  square.  Many  were  entirely  without  buttresses; 
others  had  broad,  flat,  shallow  projections  which  served  for  this  purpose.  The 
lower  windows  were  very  narrow,  with  extremely  wide  splays  inside,  probably  in- 
tended to  be  defended  by  archers.  The  upper  windows,  like  those  of  the  preced- 
ing style,  were  generally  separated  into  two  lights,  but  by  a  shaft  or  short  column, 
and  not  by  a  baluster.  Early  English  towers  were  generally  taller,  and  of  more 
elegant  proportions.  They  almost  always  had  large  projecting  buttresses,  and 
frequently  stone  staircases.  The  lower  windows,  as  in  the  former  style,  were 
frequently  mere  arrow-slits;  the  upper  were  in  couplets  or  triplets^  and  sometimes 
the  tower  top  had  an  arcade  all  around.  The  spires  were  generally  broach  spires; 
but  sometimes  the  tower  tops  finished  with  corbel  courses  and  plain  parapets,  and 
(rarely)  with  pinnacles.  There  are  a  few  Early  English  towers  which  break  into 
the  octagon  from  the  square  toward  the  top,  and  still  fewer  which  finish  with  two 
gables.  Both  these  methods  of  termination,  however,  are  common  in  Continental 
Europe.  At  Vend6me,  Chartres,  and  Senlis  the  towers  have  octagonal  upper 
stages  siUTOunded  with  pinnacles,  from  which  elegant  spires  arise.  In  the  North 
of  Italy,  and  in  Rome,  they  are  generally  tall  square  shafts  in  four  to  six  stages, 
without  buttresses,  with  couplets  or  triplets  of  semicircular  windows  in  each 
stage,  generally  crenellated  at  top,  and  covered  with  a  low  pyramidal  roof.  The 
well-known  leaning  tower  at  Pisa  is  cylindrical,  in  five  stories  of  arcaded  colon- 
nades. In  Ireland  there  are  in  some  of  the  churchyards  very  curious  round 
towers. 

Tracery.  The  ornamental  filling  in  of  the  heads  of  windows,  panels,  circular 
windows,  etc.,  which  has  given  such  characteristic  beauty  to  the  architecture  of 
the  fourteenth  century.  Like  almost  everything  connected  with  medisval  archi- 
tecture, this  elegant  and  sometimes  fairy-like  decoration  seems  to  have  sprung 
from  the  smallest  beginnings.  The  drcular-headed  window  of  the  Normans 
gradually  gave  way  to  the  narrow-pointed  lancets  of  the  Early  EUiglish  period, 
and,  as  less  light  was  afforded  by  the  latter  system  than  by  the  former,  it  was 
necessary  to  have  a  greater  number  of  windows;  and  it  was  found  convenient  to 
group  them  together  in  couplets,  triplets,  etc.  When  these  couplets  were  as- 
sembled under  one  label,  a  sort  of  vacant  space  or  spandrel  was  formed  over  the 
lancets  and  under  the  label.  To  relieve  this,  the  first  attempts  were  simply  to 
perforate  this  flat  spandrel,  first  by  a  simple  lozenge-shaped  or  circular  opening, 
and  afterward  by  a  quatrefoil.  By  piercing  the  whole  of  the  vacant  spaces  in 
the  window  head,  carrying  moldings  around  the  tracery,  and  adding  cusps  to^  it, 
the  formation  of  tracery  was  complete,  and  its  earliest  result  was  the  beautiful 
geometrical  work  such  as  is  found  at  Westminster  Abbey. 

Transept.  That  portion  of  a  church  which  passes  transversely  between  the 
nave  and  choir  at  right  angles,  and  so  forms  a  cross  on  the  plan. 

Tranaoin.  The  horizontal  construction  which  divides  a  window  into 
heights  or  stages.  Transoms  are  sometimes  simple  pieces  of  mullions  placed 
transversely  as  cross-bars,  and  in  later  times  are  richly  decorated  with 
cuspings,  etc. 

Traverse.  To  plane  in  a  direction  across  the  grain  of  the  wood,  as  to  traverse 
a  floor  by  planing  across  the  boards. 

Tread.    The  horizontal  port  of  a  step  of  a  stair. 
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Trtf  oiL  A  cusping  the  outline  oC  which  is  derived  from  a  three-leaved  flower 
or  leaf,  as  the  quatrefoil  and  cinqne-foil  are  from  thoie  with  four  and  five. 

TrdlU.    Lattice-work  of  metal  or  wood  for  vines  to  nm  od. 

Trestle.  A  movable  frame  or  support  for  anything;  when  made  of  a  cross 
piece  with  four  legs  it  is  called  by  carpenters  a  horse. 

Trif orium.  The  arcaded  story  between  the  lower  range  of  piers  and  arches 
and  the  dere-stoiy.  The  name  has  been  supposed  to  be  derived  from  Iref  and 
fores  —  three  doors,  or  openings — that  being  a  frequent  number  of  arches  in 
each  bay. 

TriglyylL  The  vertically  channeled  tablets  of  the  Doric  friese  are  called 
trigljrphs,  because  of  the  three  angular  channels  in  them  —  two  perfect  and  one 
divided  —  the  two  chamfered  angles  or  hemiglyphs  being  reckoned  as  one.  The 
square  sunk  spaces  between  the  trig^jiihs  on  a  frieze  are  called  metopes. 

Trim.    Of  a  door,  sometimes  used  to  denote  the  locks,  knobs,  and  hinges. 

Trimmer.    The  beam  or  floor  joist  into  which  a  header  is  framed. 

Trimm«r  Arch.  An  arch  built  in  front  of  a  fireplace,  in  the  thickness  of  the 
floor,  between  two  trimmers.  The  bottom  of  the  arch  starting  from  the  chimney 
and  the  top  pressing  against  the  header. 

Tuck-pointing.  Marking  the  j(nnts  of  bridiwork  with  a  narrow  parallel 
ridge  of  fine  putty. 

Tudor  Style.  The  architecture  which  prevailed  in  England  during  the  reign 
of  the  Tudors;  its  period  is  generally  restricted  to  the  end  of  the  reign  of  Heoiy 

vm. 

Turret.    A  small  tower,  especially  at  the  angles  of  larger  buildings,  sometimes 
overhanging  and  built  on  corbels,  and  sometimes  rising  from  the  ground. 
Tuscan  Order.    The  plainest  of  the  five  orders  of  Classic  architecture. 

Tympanum.  The  triangular  recessed  space  enclosed  by  the  cornice  which 
bounds  a  pediment.  The  Greeks  often  placed  sculptures  representing  subjects 
connected  with  the  purposes  of  the  edifice  in  the  tympana  of  temples,  as  at  the 
Parthenon  and  i£gina. 

Under-croft.    A  vaulted  chamber  under  ground. 

Upset.  To  thicken,  and  shorten  as  by  hammering  a  heated  bar  of  iron  on  the 
end. 

VagUui.  The  upper  part  of  the  shaft  of  a  terminus,  from  which  the  bust  or 
figure  seems  to  rise. 

Valley.    The  internal  angle  formed  by  two  inclined  sides  of  a  roof. 

Valley  Rafters.  Those  which  are  disposed  in  the  internal  angle  of  a  roof  to 
form  the  valleys. 

Vane.  The  weathercock  on  a  steeple.  In  early  times  it  seems  to  have  been 
of  various  forms,  as  dragons,  etc.;  but  in  the  Tudor  period  the  favorite  design 
was  a  beast  or  bird  sitting  on  a  slender  pedestal,  and  carrying  an  upright  rod,  on 
which  a  thin  plate  of  metal  is  hung  like  a  flag,  ornamented  in  various  ways. 

Vault.  An  arched  ceiling  or  roof.  A  vault  is,  indeed,  a  laterally  conjoined 
series  of  arches.  The  arch  of  a  bridge  is,  strictly  speaking,  a  vault.  Intersecting 
vaults  are  said  to  be  groined.  See  Groined  Vaulting  for  fuller  description  of 
vaults. 

Verge.  The  edge  of  the  tiling,  slate  or  shingles,  projecting  over  the  gable  of  a 
roof,  that  on  the  horizontal  portion  being  called  eaves. 
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Verge  Board.  Often  corrupted  into  Barge  Board;  the  board  under  the  verge 
of  gables,  aometimes  molded,  and  often  very  richly  carved,  perforated,  and 
cusped,  and  frequently  having  pendants,  and  aometimes  finials,  at  the  apex. 

VermJcttlAted.  StoneB»  etc.,  worked  so  as  to  have  the  appearance  ol  having 
been  worked  by  worms. 

Vettibole.    An  anti-hall,  k>bby,  or  porch. 

Vestry.  A  room  adjoinhig  a  church,  where  the  vest- 
ments of  the  mmister  are  kept  and  pariah  meetings  heki. 
In  American  Protestant  churches,  the  Sunday-school 
room  is  often  called  the  vestry. 

Viaduct.  A  structure  of  considerable  magnitude,  and 
usually  of  masonry,  for  canying  a  railway  across  a 
vaUcy- 

Vignttte.  A  running  ornament,  repraaenting,  as  its  name  Imports,  a  little 
vine,  with  branches,  leaves,  and  grapes.  It  is  common  in  the  Tudor  period, 
and  runs  or  roves  in  a  large  hoUow  or  casement.    It  is  also  called  Trayle. 

Vina.    A  country  house  for  the  retreat  of  the  rich. 

Volute.  The  convolved  or  spiral  ornament  which  forms  the  characteristic  of 
the  Ionic  capital.  Volute,  scroll,  helix,  and  cauliculus  are  itsed  indifferently  for 
the  angular  horns  of  the  Corinthian  capital 

Vouasoir.  Oneof  the  wedge-like  stones  which  form  an  arch;  the  middle  one 
is  called  the  key-stone. 

Wainscot    The  wooden  lining  of  walls,  generally  in  panels. 

Watt  Plates.  Pieces  of  timber  which  are  placed  on  top  of  btkk  or  stone  walls 
so  as  to  form  the  support  to  tlie  roof  of  a  building. 

Warped.    Twbted  out  of  shape  by  seasoning. 

Water  TaUe.  A  slight  projection  of  the  lower  masonry  or  brickwork  on  the 
outside  of  a  wall  a  few  feet  above  the  ground  as  a  protection  against  rain. 

Weather  Boarding.  Boards  Ixpptd  over  each  other  to  prevent  rain,  etc., 
from  passing  through. 

Waatharifig.  A  slight  fall  on  the  top  of  comices^  window-sills,  etc.,  to  throw 
off  therein. 

^cket.  A  small  door  opening  in  a  larger.  They  are  common  in  mediseval 
doors,  and  were  intended  to  admit  single  persons,  and  guard  against  sudden 
surprises. 

Wind.  A  turn,  a  bend.  A  wall  is  out  of  wind  when  it  is  a  perfectly  flat 
surface. 

Wing.    A  side  building  less  than  the  main  building. 

^thes.    The  partition  between  two  chimney  flues  in  the  same  tUfk, 
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Terms  Defined 


[The  following  terms  duuiee  to  be  defined  in  sundry  buUding  codes,  wkUh  are 
mentioned  in  each  case.  The  fact  that  other  codes  are  not  mentioned  is  not  noces- 
sarily  a  Proof  that  the  term  is  not  also  elsewhere  in  use  as  defined.] 

Adjoining  Owner.  The  owner  of  the  premises  adjoining  those  on  which 
woijc  is  doing  or  to  be  done.     [District  of  Columbia.] 

Alteration.  Any  change  or  addition  except  necessary  repairs  in,  to,  or  upon 
any  building  affecting  an  external,  party,  or  partition  wall,  chimney,  floor,  or 
stairway,  and  "to  alter"  means  to  make  such  change  or  addition.  [Boston  and 
Denver,] 

Appendages.  Dormer-windows,  cornices,  moldings,  bay-windows,  towers, 
spires,  ventilators,  etc.    [Chicago  and  Minneapolis.] 

Areas.  Sub-surface  excavations  adjacent  to  the  building-line  for  lighting  or 
ventilation  of  cellars  or  basements.    [District  of  Columbia.] 

Attic  Story.  A  story  situated  either  in  whole  or  in  part  in  the  roof.  [Denver 
and  District  of  Columbia.] 

Base.  "The  base  of  a  brick  wall"  means  the  course  immediately  above  the 
foundation  wall.    [Cincinnati  and  Cleveland.] 

Basement  Story.  One  whose  floor  is  12"  or  more  below  the  sidewalk*  and 
whose  height  does  not  exceed  12'  in  the  clear;  all  such  stories  that  exceed  12' 
high  shall  be  considered  as  first  stories.     [Chicago  and  Louisville.] 

A  story  whose  floor  is  12"  or  more  below  the  grade  of  sidewalk.    [Milwauhee.] 

A  story  whose  floor  is  3'  or  more  below  the  sidewalk,  and  whose  height  does 
not  exceed  11'  in  the  clear;  all  such  stories  that  exceed  11'  high  shall  be  con- 
sidered as  first  stories.     [Minneapolis.] 

A  story  suiuble  for  habitation,  partially  below  the  level  of  the  adjoining  street 
or  ground.*    [District  of  Columbia  and  Denver.] 

(See  CeUsr.) 

Bay-window.  A  first-floor  projection  for  a  window  other  than  a  tower-pro- 
jection or  show-window.    [District  of  Columbia.] 

Any  projection  for  a  window  other  than  a  show-window.     [Denver.] 

Bearing  Walls.  Those  on  which  beams,  trusses,  or  girders  rest,  [ffew  Fork 
and  San  Francisco.] 

Brick  Building.  A  building  the  walls  of  which  are  built  of  brick,  stone,  iron, 
or  other  substantial  and  incombustible  materials.  [Boston,  Denver,  and  Kansas 
City.] 

*  And  bdow  the  fint  floor  of  joists.    [Disirkt  of  ColumbU.] 
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Building.  Any  construction  within  the  scope  and  purview  of  these  regula- . 
lions.     [Districl  of  Columbia.]  , 

Building  line.  The  line  of  demarcation  between  public  and  private  space. 
[District  of  ColumbM.] 

Building  Owner.  The  owner  of  premises  on  which  work  is  doing  or  to  be 
done.    [District  of  Columbia.] 

BuflineBa  buildinga  shall  embrace  all  buildings  used  prindpaliy  for  business 
purposes^  thus  including,  among  others,  hotels,  theaters,  and  office-buildings. 
[Chicago,  Louisvilk,  Milwaukee,  and  Minneapolis.] 

Cellar.  Basement  or  lower  story  of  any  building,  of  which  one-half  or  more 
of  the  height  from  the  floor  to  the  ceiling  is  below  the  level  of  the  street*  ad- 
jcining.f    [Boston,  Denver,  and  Kansas  City.] 

Portion  of  building  below  first  floor  of  joists,  if  partially  or  entirely  below  the 
level  of  the  adjoining  parking,  street,  or  ground,  and  not  suitable  for  habitation. 
[District  of  Columbia.] 

Cement-mortar.  A  proper  proportion  of  cement  and  sand  without  the  ad- 
mixture of  lime.    [Kansas  City.] 

Division  Wall.  One  that  separates  part  of  any  building  from  another  part 
of  the  same  building.    [Cincinnati  and  Cleveland.] 

Floor-bearing  walls  extending  through  buildings  from  front  to  rear,  and  sepa- 
rating stores  and  tenements  in  buildings  or  blocks  owned  by  the  same  party. 
[Minneapolis.] 

(See  Partition-wall.) 

DweUing-hoose  Clait.  All  buildings  except  public  buildings  and  buildings 
of  the  warehouse  class.     [Cincinnati  and  Cleveland.] 

Shall  not  apply  to  buildings  accommodating  more  than  three  families.  [San 
Francisco.] 

External  WaU.  Every  outer  wall  or  vertical  enclosure  of  a  building  other 
than  a  party-wall.  [Boston,  Cincinnati,  Cleveland,  Denver,  District  of  Columbia, 
Kansas  City,  and  Providence.] 

First  Story.  The  story  the  floor  of  which  is  at  or  first  above  the  level  of  the 
sidewalk  or  adjoining  ground,  the  other  stories  to  be  numbered  in  regular  suc- 
cession, counting  upward.     [Denver  and  District  of  Columbia.] 

Footing  Course.  A  projecting  course  or  coinses  under  base  of  foundation 
wall.    [Cincinnati  and  Cleveland.] 

Foundation.  That  portionof  wall  below  level  of  street  curb,t  and,  where  the 
wan  is  not  on  a  street,  that  portion  of  wall  below  the  level  of  the  highest  ground 
next  to  the  wall.     [Boston,  Kansas  City,  New  York,  and  Providence] 

Portion  of  exterior  wall  below  surface  of  adjoining  earth  or  pavement,  and 
portion  of  partition  or  party  wall  below  level  of  basement  or  cellar  floor.  [Dis- 
Irici  of  Columbia  and  Denver.] 

Foundation,  Basement,  or  CeUar  Walls.  That  part  of  walls  of  building  that 
is  below  the  floor  or  joists,  which  are  on  or  next  above  the  grade  line.    [Detroit.] 

Portion  of  the  wall  below  the  level  of  street  curb,  m  front  of  the  central  line  of 
building.    [San  Francisco,] 

•  Ground.    [Providence.] 
t  And  not  suitable  for  habitation.    [Denver,] 

X  "  And  serve  as  supports  for  piers,  colunuM.  girders,  beams,  or  other  walls  " 
[New  York.] 
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iBComlrastible  ScaatUng  Partltioa.  One  plastered  on  both  sides  upon  iron 
lath  or  wire  doth,  and  filled  in  with  brickwork  8"  high  from  floor,  provided  the 
building  is  not  over  So'  high.    [ChUaio.] 

Incombustible  Roofing.  Covered  with  not  less  than  three  (3)  thickne&bes 
roofing-felt,  and  good  coat  oC  tar  and  gravel,  or  with  tin,  cormgated-iion,  or  other 
fire-resisting  material  with  standing-seam  or  lap-joint.    [Detner.] 

Lengths.  Walls  arc  deemed  to  be  divided  into  distinct  lengths  by  return 
walls,  and  the  length  of  every  wall  is  measured  from  the  center  of  one  return  wall 
to  the  center  of  another,  provided  that  such  return  walls  are  external  or  party 
croflfr-walls  of  the  thickness  herein  required,  and  bonded  into  the  walls  io  deemed 
to  be  divided.    [CineiniuUi  and  Clcvelamd.\ 

Inflammable  Material.  Dry  goods,  dothing,  mOIbery,  and  the  like  in 
stores,  flyings  or  goods  in  factories,  or  other  substance  readil>'  ignited  by  drop- 
pings or  flyings  from  electric  lights.    [Minneapolis.] 

Lodging-house.  A  building  in  which  persons  are  temporarily  accommodated 
with  sleeping  *  apartments,  and  includes  hotels.    [BcsUm  and  Kansas  City.] 

Any  building  or  portion  thereof  in  which  persons  are  lodged  for  hire  for  Ivss 
than  a  week  at  one  time.     [District  of  Columbia  and  Fnoidaice.] 

Any  building  or  portion  thereof  in  which  persons  are  lodged  for  hire  tempo- 
rarily, and  includes  hotels.    [Denver.] 

Mansard  Roof.  One  formed  with  an  upper  and  under  set  of  rafters,  the 
upper  set  more  inclined  to  the  horizon  than  the  lower  set.  [Denser  and  District 
of  Columbia.] 

Oriel  Window.  A  projection  for  a  window  above  the  first  floor.  {Disirid 
0/  Columbia.] 

Partition.  An  interior  division  constructed  of  hron,  glas%  wood,  lath  and 
plaster,  or  other  destructible  natures.    [District  0/  Colutnbia.] 

Partition-wall.  Any  interior  wall  of  masonry  in  a  tmilding.  [Boston, 
Kansas  Cily,  and  Providence.] 

An  interior  wall  of  non-combustible  material.    [District  of  Columbia.] 

Any  interior  division  constructed  of  iron,  glai8»  wood,  lath  aod  plaiter,  or 
any  combination  of  those  materials.    [Denver.] 

(See  Division  Wall.) 

Party-wiU.  Every  wall  used,  or  built,  in  order  to  bt  used,  as  a  sefieniScn  of 
two  or  more  buiklings.t  [Boston,  Cincinnati,  Ckwlamd,  Denoef,  Kmuas  City, 
and  Providence.] 

A  wall  built  upon  dividing  Une  between  adjoining  ptemues  for  their  comBioQ 
use.    [District  of  ColwsCbia.] 

Parking.  The  apace  between  the  sidewalk  and  the  butUing  line.  \JHslrid 
ef  Columbia.], 

Parking  Line.  The  Ime  separating  parking  and  skiewalk.  [DistHct  ef 
Columbia,] 

Poblic  BeHding.  Every  buikiing  usod  as  chnreh,  chapel,  or  ether  place  of 
public  worship;  also  every  building  used  asa  eoUsge,  icheoC  public  hall,  iMMplul, 
theater,  public  concert-room,  public  ball-room,  public  fectute«room,  or  for  any 
public  assemblage.  [Bos/on,  Chicago,  Cincinnati,  Qevelasid,  Denver  Kansas 
City,  and  Minneapolis.] 

*  Staying  apartments.    [Kansas  City-) 

t  To  be  used  jointly  liy  separate  tniildings.    ICtncMMOlJ  and  Clev^land^ 
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Suclft  buildings  as  ahAll  be  owned  and  occupied  for  public  purpotes  for  this 
State,  the  United  Sutea,  the  corponUkxi  ol  the  City  of  Brooklyii,  or  other  public 
schools  within  said  dty.    IfirooJUyn*] 

Public  Hall.  Every  theater,  opera-house,  hall,  church,  school,  or  other  build* 
ins  intended  to  be  used  for  public  assemblage.    [Milwaukee  and  Lm$itviile,] 

M,mtaiWL  WaU.  No  wall  subdividuig  any  building  shall  be  deemed  a  ratorn 
wall»  as  before  mentioned,  unless  it  is  two^thirds  the  height  of  the  external  or 
paurty-wniUs.    [Cincinnati  and  Qcveland.] 

Shed.    A  skeleton  structure  for  storage  or  shelter.    [District  of  Cdnmhia.] 
Open  structurs,  enclosed  only  on  one  side  and  end,  and  ejected  en  the  ground. 
[Sam  Fran€isco.\ 

Open  or  dosed  board  structure,    \Pen9er.\ 

Sliow«wiadow.  A  stor»<window  in  which  goods  are  displayed  for  sale  or 
advertiaement.    [District  ^  Columbia  and  Doner.] 

Square  thereof.  The  square  or  level  of  the  walls  before  commendng  the 
pitch  ior  roof.    [District  of  Columbia,] 

Staadard  Depth  for  FosndatiQaa.  For  bride  and  stone  buildings,  14' 
below  curb  line.    [San  Francisco.] 

Staadard  Depth  of  CeUara.  16',  measured  down  from  sidewalk  grade  at 
property  line.    [Mempkis.l 

Standard  Iron  Door.  Made  of  No.  12  plate-iron,  frame  or  continuoua 
9"  X  y*  X  H"  angle-iron,  ^imly  riveted.  Two  pand  doors,  to  have  proper  cross- 
bars, one  panel  on  either  side,  fastened  together  with  hooks  or  proper  bolts  top 
and  bottom,  and  with  not  less  than  two  lever-ban.  All  doors  hung  on  iron 
frames  of  H"  x  4"  iron,  securely  bolted  together  through  wall,  swung  on  three 
tttxises*  fitting  dose  to  frame  all  around;  sill  between  doors,  iron,  brick,  or  stone, 
to  rise  not  less  than  two  {2)  inches  above  fioor  on  each  side  of  opening.  Lintel 
over  door,  brick,  iron,  or  stone.  Floors  of  basement,  when  doors  are  to  swing, 
stone  or  cement,  in  no  case  wood.    [Denmr.] 

Standard  Skylight    Constructed  of  wrought-iron  frames,  with  hammered 
or  desk-light  glass  not  less  thaa  H"  thick;  not  larger  than  10'  by  12',  except  by 
spedal  permission  of  the  Inspector.    [PMier.J 
Storehouse.    (See  Warehouse  Clasa.) 
Street    All  streets,  avenues,  and  public  alleys.    [Minneapolis.] 
Tenement-house.    .\  building  which,  or  any  portion  of  which,  is  to  be  occu- 
pied, or  is  occupied,  as  a  dwelling  by  more  than  three*  families  living  independ- 
ently of  one  another,  and  doing  their  cooking  upon  the  premises.    [Boston, 
Denver,  and  Kansas  City.] 

Or  by  more  than  two  familiesf  above  the  second  floor,  so  living  and  cooking. 
[Boston  and  Kansas  City.] 

Building  which  shall  contain  more  than  two  rooms  in  front  on  each  floor,  or 
which  shall  be  built  with  a  passage  or  arched  way  between  distinct  parts  of  the 
same  building,  or  which  building  shall  be  intended'  for  the  separate  accommoda- 
tion of  different  families  or  occupants.    [Charleston.] 

Theater.  Public  hall  containing  movable  scenery  or  fixed  scenery  which  is 
not  made  of  metal,  plaster,  or  other  incombustible  nuiterial.  [CkicagOt  Louis- 
ville, and  Milwaukee.] 

*  Two  instead  of  three.    [District  of  Columbia  and  Minneapolis.] 

t  Upon  one  flonr,  but  having  a  Goounon  right  in  the  haUs,  stairways,  yaxds,  etc.    [Frovi' 
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ThickoMS  of  A  Wall.  The  minimum  thickness  of  such  wall.*  [Bosii>tt, 
CincinnaUt  Cleveland,  Kansas  City,  MUvfOukee,  and  Providence.] 

Tinned  Coyered  Fire-door.  Wood  doors  or  shutters,  double  thickness  of 
wood,  cross  or  diagonal  construction,  covered  on  both  sides  and  all  edges  with 
sheet-tin,  joints  securely  clinched  and  nailed.     [Detwer.] 

Tower  Projection.  A  projection  designed  for  an  ornamental  door-entrance, 
for  ornamental  windows,  or  for  buttresses.     [Dislrift  of  Columbia.] 

Vault.  An  underground  construction  beneath  parking  or  sidewalk.  [Disirict 
of  Columbia.] 

Veneered  Bitflding.  Frame  structure,  the  walls  covered  above  the  sfll  by  a 
4'  wall  of  brick,  instead  of  clapboards.  [Common  understanding  in  Chicago, 
Milwaukee,  and  Minneapolis,  but  not  defined  by  taw.] 

Warehouse  Class.  Buildings  used  for  the  storage  of  merchandise,  manufac- 
tories in  which  machinery  is  operated,  breweries,  and  distilleries.  [Cincinnali 
and  St.  Louis.] 

Width  of  buildings  shall  be  coiftputed  by  the  way  the  beams  are  placed;  the 
lengthwise  of  the  beams  shall  be  considered  and  taken  to  be  the  widtfawise  of  the 
building.    [New  York  and  San  Francisco.] 

Wholesale  store,  or  storehouse,  shall  embrace  all  buildings  used  (or  inteoded 
to  be  used)  exclusively  for  purpose  of  mercantile  business  or  storage  of  goods. 
[Chicago,  Louisville,  and  Milwaukee.] 

Wooden  Building.  A  wooden  or  framet  building.  [Boston,  Kansas  City, 
and  Minneapolis.] 

Any  building  of  which  an  external  or  party  wall  is  constructed  in  whole  or  m 
part  of  wood.    [Denver  and  District  of  Columbia.] 

Having  more  wood  on  the  outside  than  that  required  for  the  door  and  window 
frames,  doors,  shutters,  sash  porticos,  and  wooden  steps,  and  all  frame  buikiings 
or  sheds,  although  the  sides  and  ends  are  proposed  to  be  covered  with  corrugated 
iron  or  other  metal,  shall  be  deemed  a  wooden  buikling  under  this  law.  [Charles- 
ton and  Nashville.] 

*  As  applied  to  solid  walls.    [Minmapolis  and  Providence.] 
t  Or  veneered.    [MinneapaHs.] 
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Abattoizs,  cost,  X533 
Abbreviations  o(  terms,  lai,  i9$ 
Abutments,  arch,  305 

pier.  306 
Acetylene  gas,  1345 
Acoustics,  architectural.  1400-14x4 
Agate.  130 

specific  gravity.  14x5 

weight,  14x5 
Aggregate,  concrete,  34X.  242.  913.  914 
Air,  constituents,  xao7 

specific  gravity,  X4X5 

weight.  i3o8.  X4X5 
Air-oompressor.  water-supply.  X310 
Air-ducU.  xato 
Air-lift.  X309 

Air-lock,  pneumatic  caisson.  311 
Air-pfcasure.  pneumatic  caisson,  axx 
Alabaster.  13  x 

specific  gravity.  14x5 

weight,  141  s 
Aka  lime.  1467 

American  Institute  of  Architects,  canons  of 
ethics,  x6so 

competitions,  1652 

proleaaional  practice,  1647 

schedule  of  charges.  X65X 

staadaxd  documents,  X667 
Amperes,  defined,  X37X 
Axicbor.  box.  753.  79o.  79a*  793 

reiiifoxced<oncrete,  922 

steel  beams,  6x9 

trusses.  XX50,  XX52,  xx68 
Aocbor-bolts,  adhesion,  240 

sted  beams,  6x9 
Ancient  measuxes  and  weights.  34 
Angle,  angles,  geometrical,  bisected.  69 

classification  of  steel.  XS29 

connections.  616.  877 

definition,  geometrical.  36 

double,  properties  of.  table.  370 

loads,  angle-beams.  565.  566,  586-590 
tension,  399 

moment  of  inertia,  339 

properties  of.  steel,  362 

rolled  steel,  sixes.  36X 

safe  loads  in  tension.  399 

sizes,  steel.  361 

sted.  as  beams,  safe  loads,  565,  566.  586 

struts,  sox-503 

tension-members.  385 
Angle-anchor,  6x9 
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Angle-and-plate  columns.  475.  47^ 
Axigle-bracket.  422 

Angles  of  friction,  retaining-walls,  253 
Angles  of  repose,  earthy  nuiterials.  256 

retaining-walls.  253,  254 
Angular  measure,  30 
Anhydrite,  X3X 
Apartment-houses,  floor-Joists,  737 

live  loads,  X49 

sizes  of  I  beams.  869 
Apatite.  X3X 

Apostles  and  Saints,  symbols.  1647 
Apothecaries'  weight,  29 
Aragcmite.  X3x 
Arc.  arcs,  circular,  69.  70 

table  of.  54 
Arc-lamps.  X376. 1377 
Arch,  arches,  masonry.  305-3 3X 

angle  of  friction,  31  x 

brick,  306 

center  of  pressure,  definiUons,  3xx,  3x3 

centers.  308 

concrete,  reinforced.  321 

cut-stone,  310 

depth  of  keystone.  308-3x0 

elliptical.  306 

failuxeof.  3XX-3X3' 

floor  (see  Floor-arches) 

forms  of.  306 

graphic  determination  of  stability.  3xx, 
3ao>  33X 

inverted,  in  footings.  227,  228 

keystone.  308.  309.  3x0 

line  of  fracture.  3x6 

line  of  pressure.  313,  3x4 

line  of  resistance.  3x3 

load,  actual,  masonry.  3x8 

loaded.  3x7 

mechanical  principles.  308 

middle  third,  principle  of.  3xx.  3x3 

New  York  City  requirements,  307 

plate-girder  arches.  XX3Z 

pointed,  failure  of.  3x2 

radius,  rule  for,  brick  arches,  307 

reinforced-concrete,  331 

rise.  307 

segmental.  305*  3ax 

solid  ribs.  XX32 

strength,  306 

surcharged.  3x7 

three-centoed.  306 

thrust,  305 
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Arch,  tie-rods,  for  I  beams.  6x9,  870 
roof-trusses,  xxao 
segmental  arches,  307 

trussed.  11  ai 

unloaded.  31  x 

vertical  pressure  on.  305 

voussoirs.  number,  3x3 
Arched  trusses,  xxi8 
Architects,  canons  of  ethics.  Z650 

charges,  1648 

competitions,  1652 

drawings  awl  specifications,  Z5S7 

professional  practice,  X647 

schedule  of  charges.  1651 

standard  documents,  1667 
Architectural  acoustjcs.  X400-Z4Z4 
Architectural  engineering,  terms  lued,  xs4 
Architectural  societies,  x688 
Architecture,  books  on.  X703 

periodicals  00, 17x0 

schools  of.  1688 
Areas,  circles,  tables,  43 

cross-sections.  334-338 

elementary,  of  cross-sectioDS,  3J3 

hollow-round  sections,  348,  349 

h(4Iow-8quare  swrtiww.  350, 351 

net  sectional,  of  tension-members,  386 
Arithmetic,  practical.  3-5 
Armories,  cost.  X533 
Artificial  cements,  336 
Asbestic  plaster,  8x8 
Asbestos,  building-lumber.  8x9 

corrugated  shrathing,  8x9 

metal,  819 

products.  819 

roofing-shingles,  8x9 

sheathing,  148X 

specific  gravity.  Z415 

weight.  141$ 
Ash.  deflecticm  in  beams,  664 

specific  gravity,  X4XS 

ultimate  unit  stresses,  6sx 

weight.  65  X.  X415 
Ashes,  angle  of  repose,  asfi 

specific  gravity.  14x5 

weight.  256, 1 41 5 
Ashlar  masoniy,  233,  269, 441,  Z453,  Z453 
Asphalt,  floors,  isn 

mastic,  isaa 

pavements,  xsaa 

rock.  1522 

roofing,  xsaa 

specific  gravity,  X4XS 

weight.  141S 
Asphaltum,  1522 

specific  gravity.  X4XS 

weight.  X415 
Assumed  loads  (see  Loads) 
Asylums,  cost,  1533 

non-fire-proof,  height.  8x2 
Auditoriums,  lighting.  X365 


Augite,  X31 

Automobile  factory,  design  and  cost,  803 

AvcHrdupois  weight,  28 

Axial  force,  definition.  375 

Axis,  neutral.  332.  333 

Baltimofe  fire,  reinforced  coinoete  in,  958 

formula  for  steel  roiwmns,  48Z 
Bams,  cost,  X532 
Bars,  steel.  385-398 
safe  loads.  388-392 

standard,  classification  aikI  ooit,  isaS 
weights.  X4a8-X435 
Base,  bases,  cast-iron  coluxan.  457,  459 
mill-construction.  782-788 
pipe  columns.  471 
sted  columns.  473-477 
Base-plates.  440-445. 1438 
Basement  walls.  228,  229 
Basin-slabs.  mai1>le,  t56z 
Bath.  foot.  X56x 

plunge.  1336,  ZA37 
Bath-houses,  cost.  X533 
Bath-tubs,  dimensions.  X560 

symbols  for,  Z340 
Batter,  cellar  wafls,  229 

retaining-walls.  259 
Beam,  beams  (see,  also,  Gixden) 
bearing  on  wall.  634 
bearing-plate  areas.  440-444 
bending  moment.  324-33X1 333. 555. 55^* 

63s.  673.  683.  929.  939 
bending-moment  diagrams,  328, 564,678, 

690.695,698 
Bethlehem.  357.  3S8,  592.  S93-6o3 
buckling.  X83,  565.  567.  569,  6xa,  627. 

686,705 
cantilever  (see  Cantflever.  beams) 
Carnegie.  352-356.  574-S84.  605,  606 
cast-iron  lintels,  constants  for.  628 
deflection  of,  664 
flaws  in,  623 
flexure-formula,  62X 
xnoment  of  inertia.  62X 
safe  loads.  634 
strength.  620 
centers  of  gravity  of  croes-sectSoBs,  555 
channel  (see  under  Chaimels) 
damps  for  connecting.  6x6 
coeflkient  of  strength.  556.  638 
compound.  652-654.  763 
compression  in.  555 
concrete  fire-protection,  865 
concrete,  not  reinforced,  638.  637 
connections,  steel  beams.  612-6x8, 1x74. 
"75 
wooden  beams,  749-757.  789,  79o 
constants,  for  deflection,  664,  665 

for  flexure.  628 
continuous.  555.  671-680,  979.  980 
crippling  6see  Beams,  budding) 
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Beain,  craas-aectioB  irregular,  557 
cylindrical,  667 
deck.  s6s 
definitioaa,  $55 
deflection,  566,  6x2.  628.  G36,  6s3f  654* 

663-670.  674-676.  7i6,  763 
double.  564,  603,  604,  607^x1 
elasticity,  555.  663 
end-bearing.  634 
factofB  of  safety,  556 
flexure,  general  principles,  324-331*  SS^ 
334.  555 

steel  beams,  564*573 

xeinforced-coDcrete  beams.  9^7-944 

wooden  beams,  627-637.  652-656 
flezure-fonnula,  333.  556^  557.  635.  683. 

929 
floor  (see  Floor-beams) 
girder  (seel  beams) 
graphic  method  of  determining  bending 
moment.  328, 564. 678. 690, 695. 698 
grillage,  foundations.  X67-X69,  x8i-x85» 

67&-680 
H  OweH  beams) 
Z  beams  (see  I  beams) 
inclined.  564.  665 
influence-lines.  1134 
internal  forces,  325 
keyed,  653-655 
lateral  deflection.  566.  670 
loads,  general  principles,  555.  556,  565, 
593.  629.  665 

tables  (see  Beams,  steel,  etc.) 
nmterials  used  for.  564 
oeutxBl  axis,  definition,  555 
neutral  surface,  definition.  555 
overhanging  (sec  Cantilever,  beams) 
reactions,  322 
rectangular,  relative  strength,  633.  634 

stiffness,  665,  666 
reinforced-concrete,  927,  928,  935.  939. 

944.  972.  973 
resisting  moment,  333>  555*  556,  635. 

683,9*9 
shear.  183.  4zz.  565.  567-570 
span-limit.  566 
steeU  anchors  for.  6x9 

bending  moments,  table  of  maximum, 
574-576 

Bethlehem.  592.  593-602 

buckling.  565,  567.  569.  57x.  61a,  627 

Carnegie.  574-584.  605.  606 

chaxxnels  (see  Chaimels) 

clips  connecting.  616 

connections,  6x2-618.  x  174, 1x75 

crippling  (same  as  buckling) 

deflection,  vertical,  6x2. 663-670. 674- 
676 

deflection,  vertical,  coefficients.  669 

dimensions.  352,  56s 

economy  and  strength,  565 


Beam,  sted,  end-reactioas»  569«  i74 

fiber-stress.  556.  557.  569 

fire-proofing,  780-782,  828-842,  846, 
847.  851.  853.  856.  860,  862.  863- 
866 

flange-thicknesa.  59a 

forms  of.  565 

framing  and  connecting,  6x2-6x8, 786- 
790.  866-869 

H  beams,  loads,  58$  ^ 

H  beams.  propertics,*356 

heavy.  565 

Z  beams  (see  Z  beams) 

lateral  deflection.  566,  670 

light.  565 

loads,  safe.  565.  577 

separators,  6x3-6x4 

shearing-stresses,  x8x.  X83.  $67*  568, 
569 

staiulard,  352 

strength  affected  by  dimensiooa»  556, 
565 

strut.  571.  572 

T,  table  of  safe  IcmuIs.  591 

tie,  572 

tie-rods.  6x9.  870 

web-buckling.  x8x-x85.  565.  567*  569 

web-buckling.  uUes.  574*  575 

web-thickness,  592 
stiffness,  565,  6351  663-670 
stone,  637 

coefficients  of  strength,  556.  628 
stresses.  555-557.   567.  569.   603.  604. 

628.  635.  647,  649-6SX 
strut,  steel.  571.  572 

wooden.  633 
supplementary.  352,  561 
T.  337,  368.  591.  15*9 
tension  in.  555 
tie-beams,  steel,  572 

wooden.  430-432.  434.  435.  633 
wall-support.  612 

wooden,  430-432. 627-668, 717-7571 763. 
780.  78^793 

anchors.  6x6.  753.  762,  783-79^ 

bolted.  653.  65s 

buckling,.  62  7 

built-up,  652 

cantilever,  629 

cedar,  deflection,  664 
(fistxibuted  loads.  640 

chestnut,  deflection.  664 
distributed  loads.  641 

compound,  652-654.  763 

conversion  factors.  637*  668 

cross-sections,  627.  637 

cut  from  log.  strongest.  634 

cylindrical.  634.  667 

cypress,  distributed  loads.  641 

deflectbn,  628, 636, 653. 654*  664*  667« 
736.763 
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Beam,  wooden,  deflection,  formula,  636. 664 
Douglas  fir,  distributed  loads,  64X 
dressed.  667 
end-bearing.  634 

fiber*«tresses.  557,  627,  6135,  647-651 
flexural  strength,  629 
flitcb-plate,  655 
fewnSng,  749-757 
framing  to  sted  beams.  789,  79o 
hemlock,  loads.  638 
keyed,  653-655 
loads,  safe,  63^-^6,  667 
miU-constructi(Mi.  763 
nominal  dimensions,  636,  736 
Norway  pine,  loads.  641 
redwood,  loads,  640 
shear,  horiaontal.  4x2.  635 
giaes.  nominal  and  actual.  636. 667. 736 
spans,  maximum.  737-746 
spruce,  kiads.  639 
atroQgest  cut  from  log.  634 
strut.  633 
tension.  635 

tie,  430-433.  434*  435.  633 
trussed,  656 
white  oak.  loads.  643 
white  pine,  loads,  639 
yellow  pine,  deflection,  664 
kMds^  642,  666 
wrought-lxon.  deflection,  664 
Beam-boxes.  6x6,  753.  762,  790, 792,  793 
Beam-hangers  (see  Hangers) 
Beam-girdeis  (see  I  beams) 
Bearing-brackets,  cast-iron  columns,  445 
Bearing-plates.  440-445,  1438 
Bearing  values  (see  Materials  in  question) 
Bedsteads,  dimensions.  1558, 1560 
Bells.  X645 
Belt,  belts,  for  shafting,  X641, 1642 

mill-construction,  764,  765 
Bendmg  moments,  beams,  324-33X*  333. 
5SS>  SS6r  63s.  673.  683.  929.  939 
bolts  in  wooden  constnacUon,  429 
box  girden,  683. 695, 698, 699 
chaimels,  table.  576 
continuoua  girders,  673 
diagrams  for  beams  and  gixders,  338, 564. 

678,  690.  695.  698 
footings.  X74.  Z75. 178 
Z  beams,  table  of  maximimi,  574 
pins.  4*3. 42s 
plate  girders,  683.  689.  690 
slabs,  concrete,  940,  988-991,  994 
T  beams,  concrete,  992 
wind-bradng,  xi 77-1x82 
Berger's  studcUng,  886 

metal  lumber.  857.  862.  886 
Bessemer  steel.  380 
Bethlehem  beams  (see  Beams) 
Bethlehem  columns  (sec  Columns) 
Billiard-tables,  dimenaions.  1558 


Bitumen,  1533 

Bkckboaxds,  dimensioos,  1564,  is6t5 

Bkck-line  prints,  1639 

Block-tin.  pipe.  1333 

Blue-prints,  1638 

Bluestone,  beams,  628 

flagging.  283, 1453 
Bdaid-measuxe.  table.  1474 
Boiler,  cast-iron,  sectional,  1127 

covering.  1330 

domes,  xssx 

fire-box.  X335 

full  fronts,  X334 

Guney,  X328 

heating,  1221 

horiaontal  tubular.  is2i.  1330 

hot-water  heating.  1246 

Ideal,  X327 

incrustation,  X343 

location  in  mills.  765 
in  warehouses,  780 

rating,  1230 

screw-nipple  type,  1328 

secticMul.  XS27,  X230 

setting,  1223.  X230 

steam-heating,  1262 

trimmings,  1230 

tubes,  sixe  of,  1223 

tubular,  1222 
Boiler-plants,  storehouses.  76s 
Boiler-tubes,  X373 
Bolsters,  mill-construction,  795 
Bolt,  bolts,  anchoring.  240 

bearing  strength.  4a9--439>  XX38 

bending.  1x38 

bending  moment.  429,  43  x 

built-up  beams.  652.  654 

expansion.  X448 

fiber-stress,  1x38 

foot  of  rafter.  437 

girders,  432,  433 

heads,  X439 

safe  bearing  in  timber,  430 

screw-ends,  upset,  387 

shearing  value.  429-439.  1x38 

steel,  table.  431 

strap-joints  in  trusses,  436 

swedge,  6x9 

tension,  43X,  XX38 

truss- joints  (see  Roof- trusses) 

weight,  X441. 144* 

wrought-iron.  table.  43  x 
Bolt-hods,   standard   dimensions,    1439. 
X440 

weight.  X441,  X442 
Bonanza  reinforced-cement  tiles.  873 
Bond,  brickwork.  268 
Bond-stones  in  piers.  269 
Book-stacks.  x6x6 
Book-tile,  roofing.  873 
Books  00  architecture.  1703 
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Soringi,  lor  foaiicUtioos.  144 
JBoston,  Chamber  of  Commeroe  Buildtag, 
192 

colunin-formula,  460 

compression  in  steel  members.  495 

cylindrical-column  formula,  460 

formula  for  steel  columns,  481 

loads  on  foundation-beds,  14a 

loads  on  masonry.  267 

office-buildinss.  assumed  loads,  151 

thickness  of  walls.  230,  231 
Bostwick  lath.  8oa,  889 
Boulders,  134.  136, 141 

safe  bads  on,  for  foundations.  141 
Bowling-alleys,  dimensions,  1563 
Bowstring  truss,  zc^s 

stresses,  1094,  X095 
Box  anchors,  beam-supports.  6x6.  7S3i  762, 

790,  792.  793 
Box  columns,  343>  343*  467*  479 

moment  of  inertia,  342 

plate-and-angle.  479 
Box  girders.  341.  342.  681-7x6 

bending  moment.  683.  69s.  698,  699 

bill  of  quantities.  697 

buckling.  686.  705 

construction,  details  of,  682 

cover-plates,  696 

elements,  tables.  706-7x6 

end-reactions,  maximum,  703,  706-7x6 

examples,  694-703 

flange-area,  683.  696,  699 

framing  and  connections,  6x5 

moment  of  inertia,  section,  341,  342 

rivet-holes,  loss  of  area.  70a 

shear,  685,  690.  69X,  696.  698 

steel-beam.  607-6XX 

stiffeners.  68x.  686.  691.  696 

web-plate,  buckling  value.  705 
shearing  value,  703 

wdght.  70X 
Box-hangeis,  752,  753.  79©,  792,  793 

beam-framing,  790 
Brackets,  cast-iron  colunms,  445 

tem-ootta.  278 
Brads.  X443 
Branding  steel.  384 
Brass,  castings.  X43$ 

expansion.  x2Xo 

melting-point.  1203 

specific  gravity.  X4X6 

weight,  cubic  foot.  X4x6^ 
sheets,  X424, 1425 
Breast-walls.  252-264 
Breuchaud  method,  underpimiiiig.  aaz 
Breweries,  cost,  1533 
Brick,  bricks,  angle  of  frictioo,  as3 

arches,  laying.  306 

burning,  1454  ^ 

day.  275.  US4 

coefficient  of  friction,  a53 


Brick,  color,  Z454 

crushing-hdght,  269 

crushing  strength,  a7o,  371 

dry-pressed.  X454 

enaineled,  1457 

expansion,  xaxo 

fiber-stresses,  557 

fire.  1454 

fire-mistanre,  8x4 

footings,  a26.  aa? 

glazed.  X4S7 

lime-mortar,  S45S 

machine-made.  Z434 

manufacture,  X456 

molded,  Z4S4 

paving.  X454 
.    piers.  367-269.  27X-276,  278 
bond-stones,  269 
crushing  strength,  271-376 
safe  loads,  367,  368 

piling,  space  required,  X46Z 

quantities.  1458 

retaming-waUs,  259 

sand-linie,  1455 

sixe.  X4S4 

soft-mud,  1454 

specific  gravity,  14x6 

strength,  ultimate.  370 

weight,  14x6 
Brickwork  (see.  also,  Masonry,  WaUs.  etc.) 

arches,  306 

bond,  effect  on  strength.  368 

cement  mortar  required,  339 , 

compared  with  concrete,  968 

cost.  X458.  X460 
mill-buildmgs.  809 

crushing  strength,  370-276 

daU.  X4S4 

efflorescence,  X461 

estimating  quantities  and  cost,  1458 

expansion,  xaxo 

fire-resistanoe.  8x4 

floor-arches.  828 

footings.  336.  327 

lintels  supporting.  633 

loads,  safe.  365-368,  441 

moisture,  X46Z 

mortar.  339t  8x8 

mortar-colors  for,  X46Z 

piers.  367-269.  27^-276.  378 

q)ecific  gravity,  14x6 

strength,  safe,  365-368, 44Z 

trnsional  strength,  376 

wall-measurements,  X459 

walls,  safe  loads,  365,  441 

warehouse,  778 

weight,  14x6 
Brid^.  floor-joists,  74^.  749 
British  thermal  unit,  XX97.  X39X,  X604 
Bronxe,  door-frsmes,  900 

expansion,  X3zo 
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BroDK.  melting-potnt,  xaQ3 
specific  gravity.  1416 
wdght.  14 16 
window-frames,  900 
Brownstone.  crushing  strength.  C79*  ^z 
Buckling,  plate  girders,  686, 705 
steel  beams,  €81-185.  S^S*  569^569.  57 x. 

574.  S7S.  612,  627 
web,  box  girders.  705 

plate  girders,  705 
wooden  beams.  627 
Buffalo  building  code,  loads  on  foundation. 
14a 
masonry  loads.  267 
ofiice-buildings,  assumed  loads.  151 
Building,  buildings,  cost  of  skm-bumiiig. 
802 
cost  per  cubic  foot,  tS2^i554 

per  square  foot.  IS47.  SSS4 

reinforced-concRte.  XS3S 
cubage.  1531 
depredation,  1554 
factory.  968 
fire-proof,  cost.  1540 
government,  cost,  1548 
iron  and  steel,  1547 
noQ-firc-proof.  812. 813 
protection  from  outside  hasard.  906 
shrinkage  in,  134 1 
Bttildiag  laws,  botriag  on  maioory,  441 
bearing-walls,  269 
brickwork*  3G7 
column-protectioa,  8st 
concrete  cokuios.  length  of.  945 
concrete  fire-protection,  959 

floor-slabs.  940 
electric  work,  1394 
elevator-installation,  1583 
fire-proof  constructioa,  8xi»  897 
fiie-proof  pahit.  Sas 
fire-proof  wood,  821 
floor  firc-tcsts,  827 
flooring,  fire-proof,  897 
floor-loads,  7x9.  730 
footings,  assumed  loads  on.  x$i 
formulas,  steel  oohimns.  aI&i 
foundLition-bcds.  loads  on.  X4> 
hooped  columiK.  946 
loads  on  brickwork.  269 

on  floors,  7x9«  73^ 

on  foundation-bods,  141 

on  masonry.  J67 
Bon-fire-proof  buildings,  arcaa,  8x  j 

heights,  8x2.  8x3 
reinforced-conciete  ooIubbos,  948 
safe  loads,  floors,  7x9 
sand  in  concrete,  9x3 
unit  stresses  for  wood^  647 
walls,  thiduKss  of.  231 
wind-bracing,  xirt 
woods,  working  unit  stooBSCs^  648 


Building  nuterials.  cstimaiiag.  1555 

quantity  ayttam,  1555 

wear  and  tear,  1554 
Building  papers,  X478-X48t 
Bureaus,  dimensioas.  1558 
Butternut.  65  x 
Buttresses,  stability,  297^304 

Cables,  carrying  capacity.  1387 
Caissons.  ttx-ax4 
Calcareous  miaerali,  X3e^  131 
Cakite.  13X 

specific  gravity,  14x6 

weight,  14x6 
Calendar,  old  and  sew,  30 
Calorific  values,  fuels,  1x99 
Calorimeters.  1202 
Caadle-power.  X3».  1376 
Cantilever,  beams,  325*  3«fi*  S55.  55^.  SS9. 
629,  67V.  1043 

buildings  as  caatileven,  1x73 

compound  footinKs.  178 

flat  slabs,  ooocreCc.  953 

fooodatkMis,  i65>iG9 

truss.  1043.  T044.  104s,  xxo5>xxo7 
Canvas  roofs.  Sox 
Cap.  caps,  cast-inm  oolumns,  459 

miU-constnictioa.  762 

sted-pipc  cohimns,  470 

stone.  X453 

wooden  columns.  454 
Cap-plates.  795 
Carbon,  in  steel.  381 
Carnegie  beams,  etc.  (see  Beams,  etc) 
Carpenters'  work.  data.  1471 

cost,  X478 
Carriages,  dimensions.  1562 
Cars,  dimensions,  X562 
Case- work,  dimensioas,  xs6o 
Cast  iron,  appearance,  379 

beams  (see  Beams) 

castings,  379.  »43S 

cdumns  (see  Columns) 

crushing-kiods.  449 

defects.  379 

defined.  379 

deflection  of  beams.  G64 

fiber-stresses,  557 

fire-resistance.  820 

expansion,  1210 

iintds.  620-628 

manufacture.  379 

modulus  of  elasticity,  664 

plates,  weight.  1438 

shsarini-etrasats,  4x2 

qiedfic  gravity.  14x9 

specifications.  379 

strength,  376.  379>  4^» 

tension,  376 

weight.  14x9 
estimating,  1424, 1435 
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Cast  iron,  weight  of  caatiniBt  i43S 
Castinsft.  thiiiikMe»  1435 

specifications,  for  cast4iodi  379 

weights.  1435 
Cedar,  beams,  tafe  loadi,  640 

cdumBs,  lafc  loads.  4$* 

cnialiiog  strength,  449.  454 

deflection,  664 

fiber-stress,  flexure,  557 

safe  stresses.  647 

specific  gravity.  1416 

ultimate  stresses.  650 

weight,  650,  X416 
Ceiling.  corrugatedMneial,  1518 

matched,  1477 

suspendcxl,  875.  876 
Ceiling-joistl,  woddM,  fhtmiag  to  IMf- 
tnisses.  I004 

maidmum  spans.  736,  74J 
Cellar-drainer.  1355 
Cellar  walb,  xa9,  228,  949 
Cement,  artificial,  aj6 

chemical  compositioli,  t$f,  913 

constancy  of  volume,  237.  913 

corrosion  of  Steel,  960 

cost  of.  33S,  348. 915 

expansion,  12x0 

finanett.  237. 9tt 

gtappier,  236 

La  Farge.  236,  938 

manufacture,  336 

mixing,  238 

mortars,  freezing,  239 

XMtixral,  >35.  384 

neat,  t37>  9X3 

painting  of.  1487 

Portland  (see  Pottlaad  cemait) 

proportion  to  sand.  147 

puoolan,  336.  337 

quantitiea  in  concrete,  247, 148,  S49 

reiiifofceQ*coticrcte,  911 

aettiiig.  t37. 9x> 

slag.  236,  337 

spedfic  gravity,  937,  911, 1416 

atainlMa.  938 

strength,  337.  340.  383,  9tft 

tests.  337.  >40. 9i* 

water  required.  238 

waterproofing  additlMs.  163  x,  1^37 

weight.  793.  1416 
Cement  blocks.  269 
Cement-gun.  colualn-pralMtioft,  8«6 
Cement  mortars,  ffeenag.  effect  of,  139 

hot  water  In,  139 

mixing,  338 

quantity,  959 

salt,  effect  of.  339 

soda.  339 

specific  gfavity.  X4ae 

weight.  X430 
CentcTt  striking  for  ush,  308 


Center  of  gravity,  taf,  991 

circle  segment.  993 

compound  figuies,  994,  995 

found  by  momentSt  394 

irreguhr  figures*  399,  99s 

lines,  392 

perimeter  of  triaa^t^  99a 

quadrant  of  citde*  995 

quadrilaterals.  292 

regular  figures,  399 

sector  of  drde,  993 

surface.  393 

table  of.  393 

triangles,  393 

voussoir  of  arches,  3x3 

wall  and  buttress,  300 
Center  of  pressure,  arches,  31 J 

pier-joints,  300 
Chain,  408-4x0 
Cham-blocks,  1643 
Chain-cables.  409 
Chain-hoists,  1643 
Chain-hooks,  x6m 
Chairs,  dinyntioni,  1538, 1573 
Chalk,  X33 

spedfic  gravity,  1416 

weight,  X416 
Chamber  of  Commerce  Building,  Boston. 

piling-pbui,  193 
Chaimel,  boms,  safe  loads.  583-584 

bending  momenti,  table,  576 

classification  for  cost,  1539 

columns.  467.  476^480,  48fi'489 
safe  loads,  493.  499.  5oo.  333-554 

deflection,  coeflkients,  589-584 

dimenaiow  of  standard,  353 

double  sections,  359*  373 •  499«  5«o 

end-bearing,  570 

moment  of  iiiertia«  337«  39S 

properties  of.  359. 373. 499.  Soo 

ndioa  of  gsmtien*  337. 33^ 

sections,  359 

set  flatwise,  337.  Sa$,  SU 

small  grooved,  360 

web-resistance,  tabla«  57^ 
Cheese,  weight  of,  793 
Chert.  X30 
Chestnut,  beams,  aNffidents  for.  fisS 

beams,  distributed  loads,  641 

columns,  safe  loads,  459 

crushing  strength,  actosa  the  grain,  454 

crushing-loads,  with  the  grain,  449 

deflection  in  beams,  664 

fibei^tress,  safe,  flexure.  557 

specific  gravity,  14^6 

tension,  376 

unit  stresses.  647.  648.  fiSi 

wdght.  651.  X4ifi 
Cheval-^asaes.  dimensions  of,  x558 
Chkago,  bearing  prsstule  on  maaonry,  441 

code  for  sted-^ipe  ooliimol»  4I4 
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Chicago,  column-lormnla.  460 

compression,  steel  raembecs.  495 

cylindrical-column  fonmila,  460 

formula  (or  steel  columns,  481 

formula  for  wooden  columns,  450 

masonry  loads.  a67 

method  of  excavating,  309 

office-buildings,  ■wnimrd  loads,  151 

piers,  strength,  a68 

skeleton  construction,  334 

thick  nna  of  walls,  230,  331 
Chiffoniers,  dimensions,  1558 
Chimneys,  brick,  construction,  1388 

cost  per  foot.  X534 

draft,  1385 

fire-brick  lining,  1388 

foundations,  siaes,  1394 

gas  carried  off,  1385 

bouae-heaters,  1387 

object  of,  Z385 

power-plants.  1386 

ladial-brick,  1391 

reinfbreed-ooocfete,  1393 

aise  for  power  plants.  1386 

stability,  1387 

steel,  self-sustaining^  1393 

tall,  list  of.  1388 

theory  of,  1385 

thickness  of  walls,  1388 
Chlorite.  13  z 
Chords,  of  arcs,  table,  8s 

of  truss,  definitions.  998 
Churches,  cost,  153 >•  XS33 

floor-loads.  719,  730 

seating-space,  1573.  i574 
Cincinnati,  office-buildings,  assumed  loads, 

iSi 
Cinder,  cinders,  angle  of  repose,  356 

concrete,  349.  9X4*  954 

weight  of  kxMe.  356 
Cinder  concrete,  aggregates,  341,  914.  934 

corrosive  action.  8x8,  961 

reinforced  work.  343 

weight,  350 
Circles  and  parts,  38,  41 

areas,  tables.  siSA 

chords.  Ubles.  8x-^ 

circular  arcs,  mensuzmtion,  54-59 

circumferences.  5i~54 

geometrical  problems,  66-74 

znoment  of  inertia,  337 

radius  of  gyration,  337 

section-modulus.  337 
Circuit-breakers,  1375 
Circular  measure,  30 
Circular  mil.  X383.  X387 
Circular  ring.  6x 
Cisteras,  capacity  <^,  X3x8 
Clapboards.  X477 
Qassical  ofdcit.  16x8-1634 
Clay,  angle  of  cepose,  356 


Cbiy,  brides,  37s 
foundation-beds,  X35, 138, 139. 141 ,  143 
moisture  in.  X38 
specific  gravity,  X4X7 
weight  of  kx)se,  356.  X4X7 
Cleveland,  UmuIs  on  foundatkm-beds,  143 

office-buildings,  atsumffd  kiads.  zsi 
Cleveland  lath.  890 
Ckviaes,  standard,  398 
Climax,  cellar-drainer,  X335 

floor-system.  86x 
Clinched  lath.  891 
Qinton  stiffened  hth,  89a 
Clips,  for  steel  beams.  6x6 
T  bars  to  I  beams.  877 
Clocks,  tower.  16x5 
Qoaet.  water,  1335.  X343, 1561 
Closet-ranges,  dimensions,  X56X 
Coach-screws.  X449 
Coal,  calorific  value,  xsoo 
rlafwifiration,  XX98 
composition,  xsoo 
specific  gravity,  X4X7 
weight.  X4X7 
Coal-fiekis,  anthracite,  1x98 

bituminous.  XX98 
Coal-gas.  X345 

Coefficient  of  ebstkity  (see  Modulus) 
Cbeffidents.  beams.  556.  628 
deflection,  steel  beams,  668 
expansion,  steel,  383 
flow  of  water.  1397 
firiction.  353 

solids.  linear  expansion,  table,  xsxo 
•  sound-absofption.  1400. 1404.  X406 
Coins,  39 

Cokl-stonge,  temperature,  16x3 
Colleges,  architectural,  x6S8 
Color,  incandescent  bodies,  X303 

mortar.  X46X 
Cohimbian  concrete  floor-construction.  8^4 
Colunm.   columns,  baae-pUtes,   ^1-44^. 
X43« 
bearing-plates.  44^445.  ^438 
Bethlehem,  467,  473.  475.  479.  4S»-4p5. 
487.488 
loads,  tables,  483,  506-5x5 
box.  343. 343.  433.  467.  479*  484 
caat-iroo.  445~447.  4SS-466.  949,  i4,n. 
1437 
advantages  and  disadvantages,  455 
beuing-brackets.  445 
breaking-kwds,  463 
oonnectk»s.  446,  447.  457,  4S8,  459. 

949 
cylindzkal,  456.  457.  459.  1437 
design,  456-459 
failure  by  fixe,  780 
fireproofing  for.  78X.  833-835 
foimulas,  459-46X 
H-«hape,  456, 458 
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Columiit  cast-iron,  inspectkm.  456 

safe  loads.  461-466 

square,  hollow,  456,  458*  X457 

strength.  459-466 

weight.  X436.  X4J7 
channel  (see  Channels,  oolnnins) 
concrete,  not  reinfofQedt  284 
cross-sections,  moments  of  inotia,  342* 
343 

nulii  of  gyration,  344*  345 
definitions,  448.  467,  477 
eccentric  loading,  pipe  columns.  47s 
eccentric  loading,  steel  columns,  483-488 
eccentric  loading,  wooden  columns,  453, 

454 
firepcoofing  for.780-782. 829-827,959.960 
general  principles,  448 
H  columns.  458.  474.  483.  S04-SXS 

safe  loads,  cast-hoo.  466 

safe  loads,  steel.  504-515 
I-beam  columns,  474.  488,  504 
tally.  467.  474.  477 

loads,  488,  S16 
lattice.  477.  478 
lengths,  schedule  for.  492 
loads,  live,  148-153.  489.  49o 

tables  (see  Columns,  steel,  etc.) 
miU<onstruction.  969.  976-978. 980, 981 
pipe.  469-474.  488 
plate-and-angle.  342,  344.  467.  475.  477. 

479 
safe  loads,  484 
safe  loads,  tables,  5x7-532 
reinforced-concrete,  945-947 

calculations  for,  976 

fire-proofed,  9S9.  960 

loads.  976.  977 

metal-core,  947 
slendemess-ratio,  448 
steel.  467-554.  949 

bases  for,  473-477 

beam  columns,  safe  loads.  504-505 

box.  342.  343.  467.  479 

channel  (see  Channels,  orfumns) 

choice  of  type,  468 

connections.  468.  470,  471,  473-477, 
949 

connections  in  wind-bradng,   1x74, 
XX75.  "79.  1x90 

coat,  467.  468.  X5a6 

design.  482-488 

eccentric  loading.  485-488 

examples.  482-488 

faOure,  469 

fireproofing  for.  468, 781.  782. 893-827 

formulas.  480-482.  493-496 
diagram.  496 

Gordon's  formubi.  481.  484.  486,  493 

H.  table  of  loads.  4JB3.  504-5x5 

hittice.  477 

loads,  notes  on  tables.  488-490 


Column,  steel,  loads,  tables.  493-554 

plate-and-angle,  342,  344*  4^^*  47$, 

477.  479.  484.  488.  5X7-S32 
RanUne's  formula..  482.  484.  493 
sale  loads,  pounds  per  squars  inch, 

493-495 
selection.  467.  468 
■traight-line  lonnnla,  482,  48a.  493- 

496 
strength,    general    principles,    480- 

482 
struts,  angle,  sale  loads.  501-503 
types,  467 
steel-pipe,  469-474.  488 

loads.  497.  498 
struts  in  trusses,  480.  499-503 
wiixi-bnicing,  X174.  1x73.  it8i3.  1x89, 

XX90 
wooden,  bases  for.  782-788 
bolsters  for.  454 
eccentric  loading.  453*  454 
fsctor  of  safety.  448 
formulas,  450, 1x39 
metal  caps.  454.  762.  782-788,  795- 

800 
miU-construction.  782-788 
safe  loads,  tables,  451.  452 
strength,  geneial  principles.  448.  449 
Column-bases  (see  Bases) 
Column-caps,  454.  459. 470,  47 x,  762.  763. 

783-788,  795-800 
Column-footings,  xsx.  is>.  X55-X59.  x6o- 
X63,  X76-X78.  184.  X83.  974.  978, 
980.  98X 
beariiag-plAtes  on.  44i»*445 
Column-aheets.  490 
(Combined  stresses,  defined.  128 
Commercial  weights,  and  measuics.  28 
Commodes,  dimensions,  X558 
Competitions,  architectural.  1652 
Composite  Order.  1622 
Composite  piles,  timber  and  concrete.  198 
Composition,  forces.  288 
Compound  sections,  moment  of  inertia,  339 

radius  of  gyration.  344 
Compression  (see  materials  in  question) 

definition.  X27 
Concrete  (see,  also.  Reinforced  concrete) 
adhesion  to  steel.  923,  924.  942 
aggregates.  241.  287. 9x3.  948 

stroigth.  287 
axial  compression.  285 
beam-protection.  865 
beams,  not  reinforced,  628,  6137 

coefficients  for.  628 
bearing  surface.  985 
blocks,  816.  957 
machineiy  for,  8x6 
walls.  233 
bonding  old  and  new,  965 
capping  of  piles,  191 
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CoDctetet  odlar  inUb,  asH 
cinder,  24a.  350, 9x4*  934 
corrosion  of  steel,  818,  961 
^8xS 


2S0 

column-protection,  781.  789«  8a4r896 
columns  (see  Columns) 
ccmpwsainn'tests»  fB^ 
compressive  strength,  265,  S67,  s8a.  385* 

s86.441.9x3 
consistency,  243.  a86 
corrosion  of  statl,  818.  96Q,  961 
cost.  179.  249.  9XS 
dams,  cost,  350 
defined,  241 
dehydration  of.  345 
design  of  maaave,  346 
electrical  action,  1633 
expansion,  iszo 
fiber-stresses,  557 
finish  of  surfaces.  146, 965 
fixeproofing.  780-782.  8x6-818,  8s$-8a6, 

865,  880.  956-^60 
floois,  844-863.  951-956.  968.  971-976, 

993-^7 
floui^mixtuies,  1639 
footings.  X79.  aaa.  a«5.  97»-9«3 

cost.  250 
forms.  245.  962.  963,  96s,  966 
freexing  tempeiatuie,  244 
gravel.  286,  914 

comparison  of  strength,  s86 
heat,  conductivity,  245 

effect  of.  345,  8x7.  958 
Z-beam  pratectioo.  780,  781,  847.  851. 

853.  856,  860,  865. 90s 
I  beams,  860 
laitance.  244 
loads,  266,  44X 
mass,  strength,  346,  347.  265 
materials,  proportions,  243,  S47.  9x2, 

9KS.  948. 1633 
mechanical  analysis,  9x5 
mixers,  963 
mixing,  242.  963 
mfactures,  9X5.  9x6, 948,  964 
modulus  of  elasticity,  918,  928, 938, 939. 

948.957 
modulus  of  xuptuxe,  284 
molds  for,  245. 96s.  963. 96s.  966 
natural-cement,  235,  267,  284 
painting,  1487 
partitions.  88x 
penetrative  washes,  xQss 
permeability,  causes.  i6i30 
pile<apping,  x9x 
piles  (see  Piles) 
pipe<o]umn  filling.  469 
jdadng.  344 
plant-cost,  250 
Portland-cement.  040-9151 


Concrete,  pouring.  964 
preparing,  343 
propextica,  240 

proportions.  342.  347~a49>  9>5 
protective  coatings,  1632 
rammdiig,964 
reinforoed  (see  RctaConed  ooacRte) 


roofing,  873 

rubble.  344 

saline  waters,  1633 

sand  in,  341. 147.  9x3 
gndiac.  S4Z 

sharing  strength,  384 

shrinkage,  345 

slag,  fii^'resistance,  8x7 

specific  gravity.  X4X7 

•toae,  9x4 
comparison  of  strength,  a86 
effect  of  heat,  8x7 
floon.8sx 

surfsoe-finish.  346.  965 

temperature-changes,  245 

test  for  hardening.  345 

tilecrete.  strength  of.  8x7 

tiles.  816 

tools.  250. 964 
cost,  250 

transporting,  964 

trap-rock.  250k  8x7 

tremie,  use  of.  244 

under  water,  244 

uses,  240 

walls.  229.  949-9SX.  9*5.  966 
cost.  250 

water  used  in.  243.  9x4 

waterproofing.  246.  X63X 

weight.  350.  X417 

worii.  various  classes.  843 
Concrete  blocks.  8x6 

fire-test.  957 

leads  00.  957 

modulus  of  elasticity.  9S7 

wails  of,  333 
Conductors,  electricity,  1373 

lightning.  1624 
Conduits,  electric-wiring.  1393 
Cone,  38 

frustum.  38,  6x,  63 
Coniferous  woods,  ultimate  unit  sfticsscai 

649 
Connections  (see  under  Columna,  Beams. 

etc) 
Consid^re  formula,  reinforoed  fwltitmit  946 
Consoles.  terTa-<»tU,  378 
Continuous  beams  and  girders,  671-680. 

979.980 
Contrscts.  architect  and  owner,  r66o.  x66s 

contractor  and  owner,  1670 

owner  and  0(»npetitor,  1659.  x66s 

subcontractor  and  cootxactor,  i68is 
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Conversion  fiurtoA*  wooden  beam,  657 
Convenioo  Ubie,  metric.  33-^5 
Coping,  stone,  1453 
Copper,  roofs,  151* 
expansion,  laxo 
melUng-point,  11Q3 
sheets,  1424*  1425 
specific  gravity,  14x7 

weight,  14x7 

wire.  X383 
Coids.  sash  (see  Sash-cords) 
Coie-borings,  foun<latioB4»d  testing,  145 
Cores,  steel,  in  concrete  columns,  441 

nduction  for.  in  castings*  X435 
Corinthian  Order.  x6a9 
Comer-basins,  dimensions,  is6x 
Comer-slaba,  dimensioaB,  1561 
Cornices,  mills,  7^ 

workshops,  769 
Corr-bars,  920.  9^7 
Corr-mesh,  8.^^ 
Conosioo,  cinder  concrete  on  sted,  8x8, 

96X 
Corrugated  iron,  roofing,  1046.  X049,  I5i3> 

XS15 
Corrugated  sheeU,  15x3 

anticondensalion  Kning,  xsi7 

covering  capadty,  X5X7 

floors  and  roofs.  857 

galvanizing,  1514 

gauges,  X4a4*  <5<4 

laying,  xsx5 

weight,  X517 
Cosecants,  tables  of  natuxal,  xx7 
Cosines,  tables  of  natural,  95 
Cost,  costs,  asphalt-gravel  roofing.  15x3 

brickwork,  X4S8, 1460 
mill-buildings.  809 

building-papers,  X482 

carpenters'  work,  1478 

cement.  238,  948, 9x5 

chimneys  per  foot,  x534 

concrete,  179.  249.  9i5.  X53>.  Z538 

cubic  foot,  building*.  x5a^t5S4 

cut  stonework,  1453 

drafting,  structural  steel.  is«fi 

driving  piles.  195 

elevators.  iS79 

enameled  bricks,  1458 

electing  stixictofal  steel,  xsafi 

excavating.  1450 

exposition-buildings.  X547 

Federal  buildiivs,  X553.  154^x554 

felts.  X479 

fiie-proof  partitions.  895 

flagstona,  X453 

floors  la  mills,  810 

glass.  X488 
polished  plate.  t49o 
sheet.  X489. 
skylight.  X494 


Cost,  gkas,  window.  1491 
government  buildings,  15x3*  154^X554 

incandescent  lightmg.  1396 

lathing  and  plastering,  X471 

Itbrary-stacks.  1617 

mill-construction,  feJnlorood-roncrrtf, 
777.  153 ».  1538 
slow-burning.  802-810 

mineral  wool.  xsa4 

partitions,  sound-deadening*  89s 

pitch-slag  roofs.  15x1 

plumbing-fixtures.  8x0 

qukklime.  X467 

lefrigeration.  16x5 

remforoed  concrete.'25o.  9S5«  XS32*  x5A8 

roofs.  miU-buildings.  8x0 

xtrafing,  gxavd.  X5X2 
slag,  15x3 
slate,  X046.  X499 
tile,  X046,  X50X 
tin,  X046.  X503. 1507.  X508 

saw-tooth  roofs,  777 

slates.  1046,  X499 

slow-burning  construction,  758,  8ot^xo 

square  foot,  XS47.  IS54 

steel,  structural,  X524~X527 

stonewock.  X45a 

tiles.  1046,  X53X 

tin,  gutter-strips,  xso8 

-  rolls,  XS08 
roofing.  x$03. 1507*  iSoB 

trusses,  steel,  xssfi 

warehouses.  777 
Cotangents,  natural,  xxs 
Cotton,  weight.  72s 
Cotton-mill,  design  and  cost,  803 
Cotton  rope.  406 
Counterbrsces.  wooden  truiaos.  xooo-ioofi, 

X034, 1104 
Cauntcnods,386 
Cover-plates,  bos  girden,  696 

plate  gilders.  687 

riveting.  41X,  4^2 
Crane  truss.  1069 
Creosote,  X484 

oil.  X417 
Cross-sections.  33a-r374 
Crushing  strength  (see  under  each  ma- 
terial) 
Cube,  cubes,  38 
Cube  root,  4. 8 
Cubic  measure,  27 
Cunxmings  Qratcm,  lenfoicing,  9ifi 
Curbing-stoncs,  1453 
Cycloid,  described,  80 

problems  on.  74 
Cylinders,  38.  63 

contents  of.  various  diameters,  13x7 
Cypress,  beams,  distributed  k>ade.  641 

columns,  safe  loads,  452 

crushing>loads.  aciuiB  the  grain*  4S4 
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Cypress,  crushins-kwds,  with  the  gcain,  449 
deflection  in  betmu.  664 
fiber-stress,  saie,  flezore,  557 
specific  gravity,  141 7 
weight,  650, 14x7 
ultimate  stresses.  650 
working  stresses,  647 

Dahlstiom  metal  doors,  90Z 
Dams,  concrete,  cost  of.  350 
Dead  load,  definition.  126 
Deadening  partitimis.  894 
Deadening-quilts,  1479 
Decagon,  37 

Decimals  of  inch.  taUe.  26 
Deck-beams,  steel.  loads,  565 
Deflection,  beams  and  girdera.  566.  612. 
6a8,  636.  653.  654.  663^670,  674- 
676.  736.  763 
Deformation,  definition.  125 
Denver,  allowed  masonry-loads,  267 

thickness  of  walls.  231 
DepredatioQ  of  buildings,  X5S4 
Derrick,  rope  for.  408 
Desks,  sizes,  X565 
Diamond  bar.  reinforcement.  92X 
Diamond  bits,  foundation-bed  testing.  145 
Diamond-mesh  lath,  889 
Dimensions,  1557-1578 
Dolomite.  131 
Dow,  doon,  fire<resisting,  8ox 

metal  and  metal-covered,  899-903.  906. 
907 

school-buildingB.  1568 
DoOT-frames,  cement.  903 

metal,  903 

terra-cotta,  903.  9^ 
Door-sills,  stone.  1453 
Doric  Order.  16x9 
Douglas  fir,  beams,  distributed  loads,  641 

columns,  safe  loads.  451 

crushing-loads,  with  the  grain.  449 

crushing  strength,  across  the  grain,  454 

deflection  in  beams,  664 

fiber-stresses,  flexure,  557,  647 

specific  gravity.  14x7 

unit  stresses,  376,  41a.  647,  650 

weight,  650. 14x7 
Drain,  drains,  area,  1322 
•  cellar.  1335 

house.  X32X-X326.  1333,  X334 
Drain-pipes  (see  Pipes) 
Drainage  of  buildings.  I32z-X3a8,  1333- 

X33S 
Drainer,  cellar,  1335 
Drift-pins,  4x4.  683 
Drill-rooms,  floor-loads,  719 
Drop-hammer,  190 
DnWtimp,  X328 
Dwellings,  cellar  walls.  2^9 

cott  ai  coartmcting,  1533 


Dwellings,  floor-joists.  737.  74^ 

floor-loads,  7x9 

heating,  X250, 1261 

wall-thickness.  230.  232 

weight  of  furniture.  149 
Dry  measure,  27 

metric,  32 
Dry-pipe  borings.  X44 
Diy-pipe  sprinklers.  9x0 
Dyestuiffs,  weight  o£,  723 

Earthy  mateiial.  X3a 

weight.  X450 
Eccentric  loads,  caat-iroa  coJomna,  4<$x 

example,  sted  column,  486 

footings,  162-X65 

formula  for  wooden  column,  453 
steel  cdumn,  485-489 

steel-iHpe  columns.  472 

steel  struts.  489 
Echoes,  acoustics.  1401 
Educadkmal  institutions,  i^te 
Eflloresceoce,  brickwork.  146c 
Egyptian  kmg  measures.  34 
Egyptian  Order,  X624 
Elastic  limit,  definition,  126.  381 
Elasticity,  coefiicient  of.  xs6 
Electric  work  for  buildings.  X37i'-zj99 

cabinet-wiring.  1391 

center  of  distribution,  1385 

ciicuit-breakers,  1375 

code-requirements.  X394,  1396 

conductors.  1372 

conduit-system,  1593 

coat  of  lighting-equipment.  1396 
of  wiring.  X397 

design  of  lighting-systems,  1360,  131S* 

drop  of  potential.  1384 

feed-wires.  139a 

fuse,  enclosed.  1375 

fuse-block.  X395 

general  suggestioos.  1395 

insulators.  1372 

interior  wiring,  X396 

knife-switch.  X39X 

lamp-arrangement,  1379 

lamps,  number  of,  1389 

meter.  1395 

national  electrical  code,  X394 

power-computations,  X373 

specifications.  1396 

switches.  X391, 1392 

symbols  for  wiring.  Z390 

systems  of  lighting.  13  78-1382 

watt,  defined,  X373 

wire,  dimensions,  weights.  X388 
carrying  capacity.  1387.  1389 

wire-calculations.  X383.  X386 

wiring-diagram,  1390 
symbols,  1398 
Electricity.  Z37Z-Z378 
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Electrolysis,  foodnffs.  r86 
Elevator,  car-platform.  1581,  1586.  1595, 
IS96 

comparison  of  types,  1580,  1590 

coat,  IS79.  1590 

countennrtights,  protection  of,  1582 

cument-coDsumptioa  by  motors.  1597 

devdopment  of  systems.  1587,  1588 

economic  consideretions,  1591 

efficiency,  1579 

electric.  1580,  is86.  1587.  1589.  1590, 
1596, 1597 

express.  1581 ,  1593 

geared.  I579. 1589 

gearless.  1579. 1585 

hatchway,  size,  1580.  1587,  1595 

hoistway.  1582 

hydraulic  plunger.  1590 

installati(»-data.  1594 
laws  governing,  1583 

loads.  1582,  Z594 

local.  1581,  1593 

machinery-room,  1580 

motor-sizes,  1596 

number  required,  1581.  1593 

operating-costs.  1590 

push-button  control.  1586 

safety-appliances,  1584.  1589, 1592 

service,  formulas  for.  1593 

signal-systems,  1593 

specifications.  1583 

speeds,  1582,  1596 

standard  designs.  1583 

towers  for,  in  mills,  764,  765.  768 

traction.  1585.  1589 

traffic<apacity.  1592 
Elevator-tower.  miU'Constmctlon,  764, 765 

storehouse,  768 
Ellipse,  38 

center  of  gravity,  293 

described,  75-78 

problems  on,  74 
Ellipsoids,  60 
Elm.  speciBc  gravity,  1417 

ultimate  stresses,  651 

weight.  651,  1 41 7 

working  stress,  flexure.  5S7 
Elongation,  eye-bars,  386 

steel.  38Z,  384 
Enamd.  painting,  1484 
Engineering,  architectural,  terms  used,  124 
Engineering  News  formula  for  pile  founda- 
tions, 193 
Engines,  foundations  for,  1636 

hot-air.  1307 
Enneagon.  37 
Equilibrium,  definition  of,  124 

forces.  289 

parallel  forces.  291 

piers,  forces  acting  on.  297 

polygon.  299,  3i3-3«5.  St^ 


Equilibrium,  polygon,  pins.  428 
Estimating  (see  Costs) 

quantity  system  of,  155$ 
Ethics,  professicmal,  1650 
Evaporation.  1207 
Evolution,  mathematics,  3 
Excavation,  adjoining  structures,  2x4,  9x7 

below  water,  203 

Chicago  method,  209 

data  on,  1450 

dredged  wells,  210 

earth-pressure,  20X,  205 

freezing  process,  2x4 

needling,  218-222 

open-caisson  method,  2x0 

pneumatic-caisson  method,  sxx 

poling-board  method,  209 

protecting  adjoining  structures.  2x4 

quicksand,  137,  21X 

rock,  1450.  14SX 

sheet  piling,  200-209 

shoring,  314-222 

underpinning.  2x4,  218-222 

volume  of.  computing,  65 

well-curb  method,  210 

well-digger's  method,  azx 
Expanded  meUl.  848,  88a-89x,  922 
Expansion,  solids,  coeflkients,  table,  x2io 
Expansion-bolts,  1448 
Expansion- tank,  1245,  1260 
Exposition-buildings,  cost  of.  1547 
Extrados.  definition.  305 
Eye-bars.  386,  395 

Faber  system,  floor-construction,  954 

Face-wall,  definition.  255 

Factor  of  safety,  beams  and  girders.  556 

bolts  in  wooden  trusses  and  girders,  429 

cast-iron  columns.  460-462 

definitions.  126,  375.  556 

footings,  178,  225 

reinforced  concrete,  916 

steel-iHpe  columns.  469 

wooden  columns,  448,  647 

woods,  647 
Factories,  brick.  808-8x0     ' 

reinf(»ced-concrete,  968-997 

steel,  1526,  1547.  XSS4 

wooden  construction,  758-8x0,  X554 
Fan,  fans,  capacity,  1383 

power  required.  1285 

ventilation.  1281 
Fan-system,  heating,  X28x 
Fan  trusses.  X025-1027.  X058.  1060,  1078, 

1079.  XIZ7,  II 18.  XI45 
Feed-wires,  electric.  1392 
Feet  converted  into  meters,  34 
Feldspar.  131 

specific  gravity.  14 18 

weight.  14x8 
Fellowships,  for  students.  1689 
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Felts,  asbcBtos,  jaBi 
building.  1480.  Z4SK 
roofing,  weigbti  1049 
Ferroinclave,  floora,  856 
roofs,  856 

stair-conatniction,  90s 
Ftber^tiesMs  (ate.  alaOp  under  each  mat«> 

rial),  SS^.  SS7 
Fidd-rivets  (see  Rivets) 
Fillen.  web-stifiFenets.  686 
Filters,  X335 

Finktniss,  1025-1038,   xo50»   los^^xoGi, 
1079-X08X,  XZ48,  1x61-1x64 
tables  of  coefficients,  X058 
Fir,  Douglas  (see  Douglas  fir) 
Fir,  Eastecn,  beams,  safe  loads,  639 

uuit  stresses,  647 
Fire,  temperature  of.  xsoa 
Fire-doors,  8ox 
metal-covered,  899~9o«5i  9o6t  907 
stairways.  779 
Fixe-engines,  dimenuons,  1562 
Fire-escapes,  warehouses,  764. 765. 778*  779 
Fue-extinguisheiB,  908 
Fixe-protection,    alarm-eystem,    dectifc, 
908,909 
doors  (see  Fir^-dooxs) 
fiie-eKtinguishers,  90S 
fire-retardants,  759 
hose,  768 
hose-nels,  9x0 
outside  hasard,  906-908 
■  pumps  for  fire-streams,  13x5 
roof-nozzles.  8ox 
scuppers,  767 

shutters.  759.  778.  Sox,  906, 907 
signaling-systems,  9x0 
sprinklers,  759.  768,  777*  779.  8ot.  908^ 

9x0 
stairways,  764.  765.  778.  779 
standpipes.  7^.  8ox.  9x0 
steam-pumps.  13x5 
steel,  468,  760.  780.  Sao.  Ssa 
tanks,  X3x6 

water-pipe  location.  8a7 
water-supplka.  Sot 
wire-glass.  759»  Sax 
Fire-pumps,  steam,  131S 
Fire-xcsistance   of    matfrials    (see    Firo- 

proofing) 
^ire-shutters,  759>  778,  Sox,  906.  907 
Fire-stops,  mill-construction.  759 
Fire-streams.  13x1 
pumps  for,  13x5 
Fire-tests  (see  TesU) 
Fire-towers,  764.  76s.  779 
Fire-walls,  storehouses,  765 
Fireproofing,  asbestic  plaster,  SiS 
^.8x9 

\d  girders,  780,  783.  8aS-^2, 
8«i.  8s3, 856, 860, 86a,  S64  866 


Fireproofing.  brickwoik,  814 
buildings,  8x1-9x0 
cost  of,  80a.  814.  X538, 1540 
I)eroenUige8  o£  cost,  xss9 
cast  iron  in.  820 
casthiron  columns,  781.  8S3-Sas 
ceilings,  875-877 
concrete,  945,  780,  8x6.  8irt  9SS 
fixc-resistance  of  nutterials,   a54«    «4>. 

8x4-822.  956,  958,  960 
flooring,  897.  898 
floors.  827-87  X 

interior  finish  and  fittiAga,  898  906 
materials.  8xx-9xo 
mortals.  8x8 

municipal  definitiooa,  811 »  8x3 
paint,  fire-proof.  822.  899 
partitions,  878-SS7.  S9«-S96 
plaster.  818 
plaster  of  Paris,  8x8 
prism  glass.  82  x 
reinforced  concrete.  78x1  8if,  956*  9S^ 

960 
roofs.  872-878 

Btaixs.  904,  905.  95X.  9Sa,  983 
steel,  468,  780,  820,  S22 

columns.  468,  78x»  ySa,  Saj-^tT 
stooe.  8x4.  8x5 
terxa-cotta.  034,  8x5,  8x6 
trusses.  866 

wall-coverings.  887-897 
wire-glass.  Sax 
wood,  fire-proof,  Sao.  S99 
wrought-ixoB,  780.  Sao 
Fish-plate,  rool-trussea,  1x55 
Flagpoles,  steel,  dimensaooa.  1364 

wooden,  diroenaiona.  1564 
Flagstones.  X453 
Flats,  sted.  cost.  X533 

safe  loads.  389 
Flexure  (see  Beams) 
Flint,  rso 
specific  gravity,  X4x8 
weight.  X4xS 
Flitch-plates,  beams  aad  glnlecs,  6ss 

formulas.  656 
Floor,  floon.  iaphaiu  tsat 
beam-and-slab.  968 
Berger's  metal  lumber  and  coOClete.  857, 

863 
brick  arches.  ^2^ 
cantilever  flat  slab.  953 
cement  nnlrtAr  raquirad,  iS9 
Clinuuc  system,  86x 
Columbian,  854-856 
design  of  rdnforoed-oaocrete,  927. 97t 
end-construction.  829.  834,  838 
Excelsior,  tile,  839 
expanded-xncul  aad  ooKntc,  M 
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That,  Fabcr  qntcm,  954 
FerroinckTe,  856 
fiie-pnaf .  bcick  and  tik,  St7-^4a 

concrete*  (I44-M3 
fire-teits.  S37 
flit  ceinforeedt  847 
Fkndome  system,  955 
Floretyle  tftum,  934 
IbuP'Wiy  renioicMHcnti  9S' 
fnuning.  steel.  866-871 
ginkrien.  95a.  968,  99J-997 
GuAstavino.  843 
Heiaileui,  840 
I-beam  system,  ooncnta,  860 
Jtrfmson  construction,  83^-148 
joists  (see  Floor-JQisti) 
Kahn  ^stem«  953 
Keys,  tile,  836 
kaids  (see  Loads) 
lo^-novcB  fabtic*  850 
M  siystem.  959 
min,  730.  760.  766 
mushroom  system,  953, 993*997 
New  Yoit.  tik.  843 
old,  wooden,  stre^stb  of,  746 
Pknk.  730-73S 

iriwtniwri  ooocntc  844-863,  9aT'9M* 
952-956.  968,  971 

«nderi«s8, 95*.  968.  995^997 
reinforced  tik,  839-843 
reinforcementa    for  copcwita,  848-463, 
887-89*.  919-927.  952-951 

lor  tik.  839-843 
Bnrhiing  arch,  846, 847 

flat  coostnictifan,  85s 
sectional  syitami,  860 
segmental,  concrete,  845 

tik,a3a 
■epacat^moided,  95$ 
aide-conatructkn,  830-834 
Sifegwart  system.  860 
skewbacks,  tik,  83s 
squars-panel  fltyMcol,  968 
steel  framing.  compatatioBB,  86<Hl7i, 
strength  and  atiffneM  of  wooden,  7x7- 

757 
System  M,  95J 
terra-cotta.  8a8-n84S 
tie-rods.  833 
tik,  698-843. 953 
tik-aad-concrete,  953, 954 
two-way  reinlorMmcnt,  951 
types  of  fira^roof ,  817 
Vaa^nn  system.  86x 
Wa^s  concrete  I-beam  qrslcm,  860 

Watson  system,  861.  803 
wQgfat  Caee  Loads) 
of  wooden  constmctioii,  718 

717-7S7.  7«0,  766,  769.  7^2- 
787.  8x0 


Fkor,  woHcshop,  789 

Floor-joists,  wooden,  bridgiag.  748.  749 

diurcbes,  738.  74J 

continuous.  717 

dwellings,  span.  737i  742 

framing  detaik,  6x6.  749^57*  789-79* 

hangers.  75x 

nominal  and  actual  Bsci,  %$7 

office*baildiags,  738,  743 

phms.  717.  727,  747 

achool-buildings,  737f  74* 

size.  637 

spans,  itiaiimum,  737~744 

stiffness,  ublet.  63s 

stores,  span,  739.  744 

strength,  tables.  635 

tenements.  737*  742 

theaters,  span.  738.  743 

weight,  wooden.  7x8 
Floordaba.  conaete,  beddiagnMMnBt8,940 

oast,  350 

rtrength,  936,  97x,  984-987 
Floor-tiling  (see  Flooring) 
Flooring,  banks,  897 

cement,  831.  897 

composition.  898 

concrete  finish,  965 

estimating  wooden,  1477 

fire-proof,  897 

hoteb,  897 

M77 
rer  coocxale,  985 

Mosaic  X53X 

Terrszao,  iS9i 

tiling,  15x8^x531 

toikt-rooms.  897 

warehouses,  897 

wooden,  7X7-757i  760.  766,  789*  783- 
787.  8x0 
Floredome,  955 
Floretyk.  954 
Floriluzes.  X49j 
Flues,  chimney,  xa85'i39x 

ventibtion,  X378,  xa8o 
Fluid  measure,  s8 
Flushometer,  Kenney,  1334 
Foot-baths,  dimensions,  X56X 
Foot-candle.  X353. 1354 
Footings  (see.  also,  Foundaliona)«  anaa, 

minimum,  253 

bending  stresses,  X73~X78 

bride,  aa6.  237 

cantilever,  X65-X69,  978 
columns,  x6x-x63,  x7&-x78b  i84»  185, 

974. 978-982 
compound,  X78 
concentric  loads,  xOo 
concrete,  335,  336 

cost,  250 

design.  X79 

reinfcned,  x80«  196, 950»  978 
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FoodngB.  oooditions  allectiBg,  i88 

continuous  beams.  979 

cottiws  in  genccal*  aaa 

cncks  in,  234 

crushing,  failure  by,  171 

depth  of,  ninimum,  x88 

dcngn  of,  178,  978 

eocentzic  loads,  162 

dectrolysis  in  reinforced-ooiiacte,  x86 

factor  of  safety.  178 

failure  of.  170. 171, 172 

fleniFal  strength.  178. 179 

grillage,  steel,  16&-X69.  x8x-z8s 

homogoieous  slabs.  178 

inverted  arches,  227,  228 

light  buildings,  233 

loads,  X48-X63,  X70,  223,  265-267,  978 

offsets,  163-165.  179*  233*227 

pien  (see  Footings,  colunuis) 

projection  and  depth,  ratio,  x8o,  i8x 

reinforoed-ooncrete,  x86. 196,  950t  978 

retaining-walls,  26X,  262 

settlement,  152-160 

shear,  X70,  17 x 

size  and  form,  169 

sbbs,  homogeneous.  X78 

spreading,  failure  by,  X7X 

steel  beams  in,  x8x-x85 

stone,  223.  324 

stresses,  X69-X78 

timber,  x86,  187,  x88 

umt  and  separate-layer  oompaied,  x8o 
FoNe.  forces,  axial,  definition,  375 

center  of  gravity.  127.  29X-296 

compoaition,  288,  X065 

compressive,  127,  X065,  xo68 

definition.  124 

equilibrium,  124,  289 

external.  X25.  335>  xo66 

graphic  statics.  X065 

internal.  135,  325f  xo66 

lever,  principle  of,  290.  29X 

line  of  action.  289 

magnitude.  288 

moments  of,  Z27.  289.  294-296. 322 

parallel.  390,  29X 

parallelogram  of,  252,  289 

point  of  application,  289 

polygon.  289 

reactions,  beams.  32a 
trusses,  xo66 

resolution,  388.  X065 

resultant,  288 

sense  of.  389 

signs  for,  Z072 

shearing,  128 

tensile.  127.  1065,  xo68 

torsion,  ia8 

triangle  of,  389 
Focced-blast  system,  heating.  1282 
Forked  loop,  tensioQ-member,  387 


Forms  for  coocfcte.  345. 96«.  96J.  9^.  966 
Formulas  (see  for  each  subject) 
Foundation  (see.  also.  Footings  and  Foan- 
datioD-bcds),  i29-'223 

adjoining  excavations.  130 

adjoining  structures,  piotectiv.  az4 

caisson.  2x0-2x4 

cantileven  in.  X65-X69.  978 

CUhednl  of  St.  John  the  Divine.  251 

chimneys,  X294 

fohimns.   x6z-x63.   X76-X7S.  i84,   185, 
974. 978-982 

concrete.  225.  226.  249-251 
early  examples,  asx 
pile.  X96-200 
reinforced.  z86.  X96. 978 

conditions  affecting,  x88 

definition.  X29 

depth,  z88 

engine,  water-ptoof  cement,  1636 

excavating  for.  200-2x4 

footings  (see  Footings) 

general  requirements.  129.  xjo 

girdering-method.  x66-x69 

grillage,  steel.  x66-x69.  x8i-x8s 

light  buildings.  223-329 

Manhattan  Life  Tnwiranrr  BoiUing.  251 

mines,  X47 

needling.  2x8-222 

pien.  x  39,  300 

pile,  reinfocced-concrete.  X96 
sheet.  30X-209 
wooden,  X88-X96 

refaifoioed<ODcrete.  x86.  196,  950.  978 

sciew- jacks.  3x5.  2x6.  22X 

settlement,  equal.  X52-X60 

sewers,  X47 

shoring.  2x4-822 

spread,  x66-x69,  X81-X85. 18^x88, 978L 
980 

subways,  X48 

tempocsry  buildings,  187 

timber,  spread,  x86-x88 

tunnels.  X48 

underpinning,  2x4,  2x8-222 

walls,  129,  200,  228.  229, 979 

Washington  Monument,  251 

waterproofing.  X629 

wells,  X47 
Foundation-beds  (see,  also.  Foondations). 
X29-X48.  223 

boulders,  X34,  X36.  Z41 

day.  X3S.  138,  X39.  U*»  «4i 

dirt.  X35 

drill-tests,  X4S 

earthy  material,  xja.  X33t  IJS*  U^MO 

filled  ground.  I40 

geological  coosiderstiotts,  Z3S 

gbdal  deposits.  133 

hard-pan.  X35.  X4X.  143 

gavel.  134.  «36,  X4X,  14^ 
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Foiwuktwn-beds,  kMub  on,  140-X4J,  145. 
146, Z48-160, 123 

loam.  135.  X43 

nwtrriah  ooiaposmg.  130-140 

mud.  135. 139 

pert.  135. 139 

pipe^borings.  144. 145    . 

tiuicksand.  136, 137.  X4X*  i43 

livnMkposits.  133 

rock.  X30-X32. 134. 135.  X4Z,  X43.  X46 

Mod.  X34«  136-X38.  X4X,  143 

nh.  X35.  139 

■oil,  132,  Z35.  X43 

tatiog.  X42. 144-X46 

topogrmphiod  coadidons.  X46 

trenches  for  brick  walls.  aaS 

vaxymg  pressure  on.  X63.  X64 
Fnmcs.  door  (see  Door-frmines) 

window  (see  Window-frames) 
Framing,  floora.  wooden.  7>4-73i'  746" 
7S7,  760,  763.  764.  766.  782-794 

miU-constniction.  783-800 

saw-tooth  nx^,  773-777 

steel  beams.  446. 447.  457. 4S8.  473.  475. 
476,  612-619.  786-790,  866-^71 

tn]s»-joints.  436-439.  X003,  xoo8.  X009, 
XOX9.  X024.  1039,  XX49-XZ70 

wind-bracing.  1x74,  XX76,  XX83-XX93 
Freigfat-can.  capacity.  XS63 
French  truss.  X026 
Friction.  252-253 

water  in  pipes.  1302 
Frostproofing,  pipes.  13x4 
Frustum  of  cone.  38.  6x.  63 

of  pyramid,  volume.  64 
Fueb.  XX98-X202 
Fulcmm.  grillage,  x66 
Funicular  polygon.  3x9 
Fumace>beating,  X2sx-xa6x,  1282 

cold-air  supply,  1253.  1255.  X257.  X277 

foundation  and  pit,  1254 

hot-air-and^team  combiiuition.  X259 

bot-air-and-water  combination.  1359 

pipes  and  stacks,  X254-X2S8.  X266,  X269 

registeis.  1254.  1255,  X25^xa58.  taSy^ 

X270 

Hiecifiattions.  X258 

ventilation.  1255 
Fumituie.  dimensions.  1557 

metallic,  903 

weight,  X49 
Furring,  metal.  886,  897 

outside  waUs.  896 
Fuses,  electric  work.  X375 

GaWaniaed  iron.  X5x8 
Gas,  acetylene,  1345 

coal,  X34S 

gasolene,  X346 

illuminating.  X345 

I  by.  1362, 136s 


Gu,  natural.  X345 

p^>ing  for,  X346-X3S0 

water.  X345 

weight,  X199 
Gas-pipe  separators,  sted  beam*  6x4 
Gas-piping.  X346-X3S0 

symbols.  Z3S9 

wrought-iron.  X274 
Gaskets,  pipe.  X303 
Gauges.  American  Sted  and  Wire,  1426 

Brown  ft  Sharp,  metal  sheets,  X424 

dicular-mil,  wire.  X383.  X387 

Roebling's  wire,  403 

standard,  coropaied,  403 

U.  S.  standard,  metal  sheete.  15x4 

Washburn  ft  Moen.  wire,  X436 
Gean.  size  and  speed.  X640 
Generator,  electric.  X377 
Genfire  sheet-steel  Uth,  89a 
Geological  data,  foundations,  X30-X40 
Geometrical  problems.  66 
Geometry  and  Mensuratk».  36 
Girder,  girden  (see.  also.  Beams),  anchon 
for,  792 

bearing.  634,  687 

Bethlehem  girder  beams.  358.  594 

box  (see  Box  girders) 

built-up.  wooden,  652 

continuous.  555,  671-680.  979.  980 

deflection.  663-670 

double-beam.  564.  603.  604 
tables.  603.  604 

fizeproofing  for.  780-782.  822.  863-866 

framing  (see  under  Beams) 

griUage-foundatifMis.  678 

latticed.  1008-zoxo.  X089-109X,  xx8x 

loads,  tables  of  safe,  577-585 

plate  (see  Plate  girden) 

reinforced  concrete.  x86.  927.  935,  939. 
944.  972-974 

riveted  (see  Box  and  PUte  girders) 

steel  (see  Beams,  steel) 

wall-support,  612 

wind-bracing.  xx8x 

wooden.  627-65X.  72X-730, 746-757. 779* 
782-800 
built-up.  652.  655 
compound.  652 
flitched.  655.  656 
trussed.  656-662 
Girdering.  cantilever  foundations,  x66, 169, 

978 
Glacial  deposits.  133 
Glass,  cost.  1488.  X491 

ciystal-ftheet.  1489 

defects.  X489 

diffusion  of  light.  1367 

expansion.  1210 

figured-rolled,  X49X 

grades.  X488 

leaded.  X48J 
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Glass,  nulls  and  warehooMS.  7S9t  T^>  T64« 
769.  772.  771 

Riirron.  1494 

N0V118  saoitaiy,  1590 

plaU.  X40e 

prism.  1493 

prism-plate.  1491 

qualities.  1488 
polisbed-plate,  Z490 

saw^toolli  roof.  775 

8h«Bt,  X4fiS 

sues.  148Q 

skylights,  1494 

specific  gravity.  14x8 

typts  of.  lor  lighting.  xj68 

weight.  733,  ZS7X 

window,  X487 

wire,  fiie-protectioD*  7S9*  8sx 
Gneiss,  13  a.  aSs 

specific  gnvity,  X4x8 

weight,  14x8 
Gold,  expaasioii.  itio 

mdtinihPoiBt.  xoos 
Gordon's  formula,  cast-iron  coluans.  460, 
461 

steel  columns.  481.  493 
Government  buildings,  cost.  X54B 
Grain,  weight,  72s 
Granite,  angle  of  friction.  853 

beams,  coefficients  for,  6a8 

compression,  a66,  a8o,  «8a.  a87 

expansion,  12x0 

fiber-stresses,  557 

fire-resistance,  8x4 

loads.  266.  a8o.  a8«.  287,  557.  698 

modulus  of  elasticity,  aSs 
of  rupture,  a8a 

shearing  strength.  289 

specific  gnyity,  a8a,  X4x8 

tension,  283 

weight.  282.  X4x8 
Graphical  analysis,  aiches,  3"-^tx 

bending  moments  in  beams,  3a8,  $64. 
678,  690.  69s,  698 

beading  moments,  in  pins.  4*6-499 

forces,  388-29X 

friction,  352 

piers  and  buttresses,  997-304 

roof-trusses,  1065 -xx37 

retaining-walls,  257-259 

atrsBses.  C55 
Grappier  cement,  336 
Gravel,  angle  of  reposei  956 

beds  of,  ^S3f  X34 

concrete,  9x4 
graded,  24X 

cost.  249 

definition  of,  X34,  X36 

roofing,  X027.  X509 

safe  loads  for  foundations,  t4X.  14J 

qxdfic  gravity,  X4X8 


Gny^i  wdflit.  356,  i4t8.  1410 
Gravity,  center  of  (tee  Center  of  gravity) 
Gravity  specific  substances,  X414-1439 
Gray-iron  caittng»,  379 

specific  gravity.  X4X9 

weigbt.  14x9 
Grease-traps,  X338 
Grecian  long  meHUres.  34 
Greek  letters.  X33 
Grilkiges,  beams,  spacing,  i^a 

cantilever  fbundatioos,  x66 

column-footings,  184 

foundations,  166-169,  xSi-zS; 

fulcrum,  foundations.  X67 
Grouting,  brick  footings.  937 

masonry,  369 
Gum  wood,  unit  stresses.  651 

weight.  651 
Gunnite.  column-protection.  836 
Gtuset-plates,  wind-brscing,  1x76,  1x79, 

X180.  ii39»  XX90 
Guastavino  tile-arch  system,  84J 
Gutters,  proportioning,  X578 

VDof.  769 

saw-tooth  roof,  775 
Guyi.  wire,  406 
Gsrpsinite,  partitions,  883 
Gyration,  x»4ius  of  (sea  Radiue  of  gyxmtkn) 

H  beams.  loads,  table,  585 

properties,  356 

struts  and  columns,  474 
H  columns  in  general.  458 

Bethlehem,  467,  473t  475.  479.  489-485. 
487.488 
table  oi  loads,  506-5  xs 

calculation  of  sizes,  487 

cast-iron,  458 
safekMlds.4j66 
Hair  in  plaster.  1469 
Hammer-beam   truss,    X013-XO18.    1087- 

ro89 
Hammers,  pile-drivers,  190.  904 

•heetlng-pianks,  909.  903 
Hengen.  beam  tnd  Joist.  750-7S7.  78»-795 

box.  753.  790,  79a.  793 

Duplex.  7Sa-7S4.  784.  788-^91.  793.  794 

GoeU,  7Sa,  79a.  793 

I  beam,  75a.  7J3.  755.  788-790 

Ideal.  754.  786 

Lane.  756 

mill-constructioQ,  789.  785*  789 

National,  755.  756 

strength,  756 

Van  Dom.  755.  786,  79 x.  799  ' 

wall,  750-7SS.  783-788.  799-994 
Hard-pan,  135,  14X,  X43 
Haunch,  arch.  305,  313 

arches,  filling  of,  833 
Havermeyer  bar,  930 
Hawser-rope,  404 
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.  brkiL  fbotiQp.  sj6 
floor-fhuning,  7a8.  747<  T49 
Heat.  British  thennal  «iiit,  1197.  st4X> 
1604 
coloiB  si  hmUd  ino,  stos 
oonovtt  fiv^piiQoAng,  cfitct  on,  MS 
fiom  nuliating-Mifioo.  i«40«  >t4i 
iMJtie-powef  equivikat.  lajo 
lo«  Im  bufldiagi.  luS 
thermometen,  1197 
vahiei,  iigft^aofl 
Heating,  x  197-1 285 
boiler,  laaz,  1246 
boiler-tubes.  1375 
opadtjr.  pipes,  bat-ftir.  1969 

rcKbters,  xa69 

steai»>pipas.  IS4J 
dioioe  of  ayatam.  isso 
coal  burned  per  hour,  lajo 

heat  values,  ix99-xaai 
cocks,  X33A     ' 
cx)U-air    aipplsr,     xs|i«     I'll*    »57» 

1377 
covering  of  pipes,  1243 
diiect-tndixect  mdiatiaB,  xaii,  iai6 
direct  ladiatlon,  itix.  laia*  ia4Xt  xa^a 
ezpansioD-tank,  194S 
&n-systein.  xaSi 
fittings,  X335 
foioed-blait  qntam.  laia 
furnace-heating  (fee  Fumafis  heating) 
globe  valves.  xa^S 
gxmvity  tyatams,  «axi^a48 
hot-air,  1350,  lasQ.  X9^*  19S1 

atadw,  xas7.  1258,  ia«6.  1169.  ufo 
hot-blast  syatanit  ia8x.  xa8a 
bot-watfr,  isji.  ia4j,  xs4S,  isfo,  xss9, 
1»7I 

advantages  and  disadvantages.  1248 

gpcdfiiratinn,  1399 
indirect  radiation,    xaix.   xaiS,    ia4Zt 

ta4J,  itSO.  X961,  XS64.  1270 
insulation  of  pipes,  xa43 
mains  and  branchei,  X338,  xa4i.  is7s 
natural  systems,  xaxx,  ic8n 
non-gravity,  laxx.  xsji,  1334 
Paul  system.  xa53 
pipe,  1335 
pip»«ieas,  lafM 
pipe-coils,  xaxa 
piping-systems,  lajz 
radiating'furfsce.   boiiars.   xaas,   iaa|« 
lajo.  (aso 

pipes.  laxj,  1243.  x»70,  x«7i 

radiaton.    jai^.    zaao,    1340,    xt4i« 
1*49,  xaso.  I  ate,  xa&4 

waUs  and  windows,  zajl,  1349 
ladiators  (see  Radiaton) 
registers.  1256-x  asft,  x266-ia7o 
residences,  bot-air.  laso 

hot-water.  1250 


Heating,  residancca.  rtnm.  xa6i 
saw-tooth  roofs,  776 
specifications  (see  under  aKh  Q«tam) 
steam,  advantages  and  dinadvuttiMt 
1348 
fan-system.  xa8r 
grtvi^-aystara,  xaix~if45 
high-preasuia  syitam,  lt3l 
low-pnawiia  lyftonii  la ii--ia4l 
nonrgnvity  typtem,  xaii,  xtsi.  xtg4 
Paul  system,  1333 

systems  of  piping,  itjx 
vacuum  system,  123$ 
Webster  system,  X334 

aymbobused,  xa4i 

systems  of,  xaif 

vacuum  aystenni  itsi 

value^ietermiMtJW.  1x9ft 

valves.  X335 

Webattr  nrstim,  xtS4 

^wWiops,  769.  776 
Heating-tanks.  X3Z4 
Hemlock,  beams,  coeffiefaota  fpf,  6a8 

baama,  sail  loada,  fii8 

oihimiii,  aafa  loads.  4Sa 

compression.  449.  4M,  $47.  M>  #10 

deflection  in  beams.  664 

flexure-stresses,  safe,  157 

modulua  of  alaatacity.  Ut 

shearisg^tioica,  4ia«  647. 64%,  to 

specific  gravity,  X4Z9 

stiffness,  beams,  664 

tension,  376.  647.  M,  6s* 

weight.  650, 14x9 
Hemp  rope,  406 
Hennebique  system.  933,  944 
Heptagon.  37 
Herculean  flow-aicb.  840 
Haitingbone  HMtal-lath.  890 
Hickoiy,  unit  stresses.  651 

spec^  gravity,  14^9 

weight.  6sx.  X4i9 
Hides,  waigbt.  7aj 
Hip-rafters,  lengths  and  bevals.  9» 
Hoists,  X64S 

zope  for,  404,  407 
HqUow  tile  (sea  Ternrcotla) 
Hook-splice,  roof-trusacs,  ixsi 
Hooks,  for  ofaaina.  1643 
Hoops,  water  tanka,  13 1  a 
Hornblende.  X3X 

specific  gnivity.  X4X9 

weight.  X419 
Hoise-power,  boileia,  xajo 

electrical,  X374 

izuu±inery,  1640 

pumps,  XJIX 

raising  water,  131  x 

tnnsauitcd  br  batting.  1041 
by  shafting.  1642 
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Hone-power,  windmills,  1309 
Hoae.  768 
How-ieela,  91c 
Hospital*,  cost.  X533 

Don-fixe-proof,  hdght,  819 
Hot-air  eogioes,  1307 
Hot-air  beating.  1250. 1259.  ^^f  <a8i 
Hot-bending  test.  iron.  378 
Mot-blast  system,  beating.  laSx.  1282 
Qbt-water  beating.  Z23X,  1245. 1250. 1259, 

Z27X 

advantages  and  disadvantages,  1248 

specification.  1259 
Hotels,  cost,  X533 

firfr-hose  in.  9x0 

floor-loads,  live,  7x9 

flooring,  fire>proof.  897 

furniture,  weight  of,  149 

non-fire-proof,  height,  8is 
House-tanks,  siae.  13  29 
Howe  truss,  design  of,  1x42,  1x44 

joint-details,  XZ51,  1x52.  xzs4.  xxss 

roof-loads.  xos7 

types.  XO00-X008 

stresses,  by  computation,  X063.  1065 
by  graphics.  X07S-Z077,  xxo2-xxos 
Humidity,  x 207, 1209 
Hydrants,  mills.  759 
Hydrated  lime.  1465 
Hydraulic  cements  (see  Cements) 
Hydraulic  jacks,  shoring,  2x5,  22X 
Hydraulic  lime.  235 
Hydraulic  limestone.  132 
Hydraulic  ram,  1304  ■ 
Hydraulics,  1295-1320 
Hyperbcrfa.  38 

described.  80 

problems  on,  74 
Hyperboloid.  65 
Hy-rib.  concrete-reinforcement.  859,  891 

X  beams,  anchors  for,  6x9 
bending  moments,  maximum.  574,  575 
Bethlehem,  general  description,  592 

loads,  safe,  592,  593 

loads,  safe.  Ublcs.  598-602 

properties,  357. 358 
buckling  of  web.  X8X-185.  565.  567-5^ 

Uble.  574.  575 
Carnegie,  dimensions.  352,  353 

properties,  354*  355 

safe  loads.  577~s8x 
connections,  anchon.  6x9 

floor-framing,  612-6x9 

limiting  values.  6x8 

separators.  6x3 

standard.  616.  6x7 

with  Bethlehem  H  columns.  473 

with  built-up  columns,  475,  476 

with  cast-iron  columns,  446, .447, 457, 
458 


I  beams,  ooimections,  with  plate  and  faoi 
girders,  6x5 
coDtinuous,  677-^80 
cost.  X524, 1525 

cxippling  of  web  (same  as  backliav) 
deflection,  lateral,  566,  577-58z,  670 

vcttical,  566.  668,  669 
dimmsinns.  352,  353 
doable>beam  gixdets.  loads,  607-6x1 
eoonomy.  relative,  56s 
end-bearing,  minimnm.  574,  575 
end-reactions.  569 

table,  574*  575 
examples  solved.  57&-S73 
fire>proofiag    (see    Beams,    steel,    fire- 

proofing) 
framing,  between  «»>*"«"«,  614 
to  wooden  beams  and  joirts,  6x6.  753. 
753.  755.  788-790 
girders.  603-6x1 
double,  safe  loads.  607-6x1 
smgle.  safe  loads.  605.  606 
grillage  foundations.  X67-169,  X8X-185. 

678-680 
light  versus  heavy,  565 
loads,  Bethlehem,  table,  598-602 

Carnegie,  table.  577-581 
moment  of  inertia,  336 
needling.  2x8-221 
properties,  354,  355,  357,  358 
zadius  of  gyration,  336 
separatoq  for.  6x3 
shearing.  X8X-185,  567.  568.  569 

taWe,  574.  575 
single-beam  girders,  loads.  60s,  606 
span-lengths,  limiting,  6x8 
standard,  dimensions,  352,  353 
properties.  Bethlehem.  357,  ssB 
properties,  Carnegie,  354.  35$ 
supplementary.  352 
tie-rods  for,  6x9 

web-resistanoe,  18X-X85,  S6f*sB9 
table,  574.  575 
Ice-making,  x6x3  | 

Igneous  rocks.  X3Z 
niuminants,  hygiene  of.  1366 

selectioa,  X366 
niuminating-gas.  1345 
Illumination  (see  Lighting  and  Tiliwfaia. 

tion) 
Imperial  spiral  lath,  889 
Incandescent  lamps,  X376,  X385. 1396 
Incandescent  lighting  (see  Lighting) 
Inch,  decimals  and  fractions,  taUe.  26 
Inclined  plane,  friction,  252 
Inertia,    moment    of    (see    Moment  of 

inertia) 
Influence-lines,  XX34-XZ37 
Tniularion.  hei^  1344 
mineral  wool.  XS24 
pipe,  1243 
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lasoUton.  ckctnc  1373 
iBterphooes,  1627 
Intndos,  ddfiaitioD,  305 
Involutioa.  3 
Ionic  Order,  1619 
look  Volute.  1622 
Iron,  cast  (see  Cast  inn) 

colofs  caused  t^  heat,  1203 

galvanised,  15 18 

pfoperties  of.  375 

stingth  of  old,  410 

wire.  400 

wrought  (lee  Wrought  iron) 
laosodes  triangle,  293 

Jsck.  jacks,  hydraulic,  2x6,  221 
Jack-nf  ters,  lengths  and  bevels,  90 
Jack-screws,  shoring,  2x5.  2x6.  22X 
Jewish  long  measures,  34 
Johnson  floor-construction,  839-842 
Joints  (see  under  each  subject) 
Joists,  floor  (see  Floor-joists) 
ceilhig  (see  Oiling-joists) 
Joist-hangers  (see  Hangers) 

Kahn  bar,  924 

hollow  tile.  953 

qrstem,  944 
Kakmein  iron,  899 

door-frames,  900 

interior  finish,  899 

window-frames.  900 
Keene's  cement  plastefs.  1470 
Kenney  flushometer,  1334 
Key  expanded-metal  lath,  890 
Keyed  beams  (see  Beams) 
Keyridge,  859 

Keys,  cnmpound  beams.  654 
Keystone,  arches,  305.  308 

Rankine's  formub,  308 

Trautwine's  formula.  309 
Keystone  hair  insulator,  1479 
Kilowatts,  defined,  1374 
King-post  truss  (see  Roof-truss) 
King-iod  truss  (see  Roof-truss) 
Kitchen-sinks,  dimensions,  156X 
Knee-brsces,    trusses,    1025-1027.    X028- 
XQ31,  iix6~zix8.  Z167, 1x68 

wind-bradng.  X179,  ii8z,  x  185-1x90 
Knife-ffwitch,  X391,  X393 
Kno-bum  lath.  890 
Kno-fur  lath,  89  x 

Laboratories,  lighting  lor,  X365 
Ladng-bars,  385 
La  Faige  cement,  236,  238 
Lag-screws,  X449 

roof-trusses,  1x56, 1x57 
Laitaacc,  244 
Lally  columns  (see  Columns) 

steel-concrete,  467.  474 
Lamps  (see  Ughtinf ) 


Lath,  metal  (see  Metal  lath) 
wire  (see  Metal  Uth) 
wooden,  X468 
Lathing.  1468 

cost.  147  X 
Latti^bara,  columns,  468 

sices,  478 
Latticeoolumns.  477*  478 
Lattioe-girderB,  wind-bracing.  1x76.  zi8x« 

1x82 
Lattice  trusses  (see  Roof-trusses) 
Laundzy-tubs.  dimensions.  X561 
Lava  stone,  crushing  strength.  280 
Lavatories,  dimensions.  X56X 
Laws,  building  (see  Building  laws) 

license  for  architects.  1685 
Lead,  anchor-bolts,  240 

castings,  1435 

expansion,  12x0 

melting-point,  X2013 

pipe.  X33X 

sheet  X332,  X425 

specific  gravity,  14x9 

weight,  X419,  X42S 
Leather,  weight,  723 
Lever,  principle  of,  165,  290.  s93i  394 
Libraries,  cost,  Z534 

book-stacks.  16x6 
License  Uw.  architects'.  Illinois.  1685 
Light,  brilliancy,  X3S3 

candle-power,  1353 

diffusion,  775.  i367-X369«  X49X-X493 

intensity,  1353 

nature  of,  1352 

refraction,  1367-X370.  Z492-X494 

sources,  X352 
Lighting  and  Illumination,  X3SX-X370 

accounting-offices,  X360 

auditoriums,  1365 

bowl-siaes.  lamps,  X357 

cabinet-wiring,  X39x 

candle-power,  1354 

ceiling-lights,  X360 

ceiling-outlets,  1363 

class-rooms,  X36S 

coloring  of  ceilings,  X356 

design  of  system,  X358,  X360 

diffusion  by  glass,  77s,  1367-1369,  X49I" 
X493 

direct.  Z355 

drafting-rooms,  1365 

electzic-Ughting  systems,  1378 

factories.  969 

feed-wires,  X392 

fixtures,  care  of,  X357 
in  direct  systems.  1364 
in  semibdirect  systems,  X3fia 

focusing  effect.  X362 

foot-candle.  1353 

foundries.  1365 

gas  required,  135$ 
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Ltghtiiig  and  IltattiiimtioB,  gn  leqidrBd. 
cakuktioosf  136J 

piping^plans.  X359 
glass  for  diffusion.  i367-x369t  X49x-Z49S 
genecal  principles,  1351 
heights  of  lampi.  xjsS 
Holophane  reflector,  1361 
hygiene  of,  1366 
JBCaitd^Kalit,  1376. 1385.  X396 
illumination,  general  prindples«  i:35z 

intettity,  X354 

three  tyitens*  I354-I355 
indirect.  x35S 

fixtures,  13^4 
intentive  dlstribotioa.  X36X 
invene  squaxci.  1354 
lahoratories,  1365 
lamps,  arc,  1376 

brilliancy,  X353 

distribution.  1379 

Edison,  1380 

gas.  X365 

incandescent.  136s.  1376 

kinetic  burner,  1363 

location,  X3S6,  I357>  1360 

ttnnbtr,  1360, 1363*  1389 

■iatt.  X357.  X358 

tongsten.  1358.  X36x 

Wdlbich.  X358»  xj6s 
lecture-halls,  1365 
machine-shops,  1363 
ttill-boUdiiigs,  989 
outlets,  1356 

piping  for  gas,  X346-X3SO 
refledott.  1361 
refnu:tion  of  light.  1367 
roOl-lightfl,  773 
saw-tooth  roofs,  772*  771 
school-rooms.  X365 
semiindirect.  1336 
single-phase  system*  1378 
sixe  of  wires.  X39x 
switches,  1392 
systems,  1378 
three-phase  system.  1378 
three-wire  system,  1378 
tungsten-lalBpSf  1338,  X361 
fiM>-lHn  syit«m«  Z378 
wall-outlets,  1360 
Welsbach  Umps.  X358,  Z365 
windows,  77s.  1387 
wockshopi.  769.  xj8s 
Lightning-conductors,  1624 
Lignum-vitc.  unit  stresses,  651 

weight,  651 
Lime.  X467 
Aka.  X467 

chemical  pr(H)erti«a,  14613 
classification,  X463 
data.  X467 
definitions,  Z4613 


Lime,  hydrated.  Z4l>s 

hydraulic,  235 

inspection.  1464 

nature,  1462 

properties,  X462, 1464 

san4>Iing.  X463 

specifications,  X46t«  1465 

tests.  1463 

weight.  7»3 
Limestone.  132 

beams,  coefficients  for,  6s8 

calcium.  1463 

compressiTe  alrength.  98o»  «8s«  a87 

constituents,  1462 

dokHnitic,  1463 

fiber-stresses.  557 

fire-Ksistance.  815 

modulus  of  daatidty,  «84 
of  rupture.  282 

shearing  stfength.  s8t 

specific  ghltlty.  t8«.  l4<9 

tensile  strength.  281 

wdght.  282.  1419 
Line  of  fracture,  atcfaes,  $i$ 
Lines,  center  of  gravity  of,  29a 

geometrical  problems,  66 
Lines  of  pressure,  arches,  3tx^3n 

buttresses,  297-304 
Links,  strength  of.  chaint.  4X0 
Linseed-oil,  1482.  X483 

specific  gravity,  14x9 

weight.  14x9 
Lintds.  305 

brackets  on  ca3t-lran.  622 

cast-iron,  620-627 
safe  load,  tables.  624-627 

cross-section,  ideal.  620 

fonnulas  for  cast-iron.  620,  6m 

reinforced-concrete.  973 

stone,  1453 
Liquid  measure.  27,  32 
Live  loads  (ste  eadi  member  IcMUtod} 

definition,  126 
Load,  loads  (s«e,  ftlso,  each  metnber  toaded; 
also  Weights) 

eccentric,  columns.  433,  461.  472,  485- 
489*  949 
footings,  x62-x6s 

Oft  oolUAas,  method  of  computiaf.  14S- 
IS2. 489. 490 

on  floors.  X49,  71 7-749.  802-80*.  S33. 
834.  838-847,  85X,  854-858,  86t. 
862.  868-<870.  »40f  95  >t  97if  976. 
977.  984-987 

00  masonry,  263-267,  441 

on  rood.  740-741.  745.  74^  xoi48-io57 

snow-loads,  X049.  xos»-i057 

tests,  fire-proof  mxus,  827,  871, 956-958 
967.  971 
foundatbn-bcds,  I4i-i4i«  i4g,   146, 
X48-i6o,  223 
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Load,  wind-loadt,   14S-X60.   1049.  1059- 

1054.  1056,  ixyi-1173 
Lock-woven  {abric  850 
Locust,  safe  fiber^tx«s8,  inuie,  557, 6148 

specific  gravity,  1420 

tdtimate  fiber-stresses,  651 

wevht,'6sx,  X430 
Lofts,  MSt,  ISJ> 

live  loads  on  floors,  149 
Loop-ores.  386 
I'Oqp-rods.  387t  396 

Lomber  Csoe,  abo.  Timber  and  dtfefeat 
woods) 

asbestos.  8x9 

data,  1473 

fxmxning,  1473 

measurement,  X473~X477 
.    metal,  86a 

weight,  X4X5-X4a3,  X47a 
Lttten  tfuss,  927 
Lypsum.  131 

McGin  Univeisity,  tests  on  bilck  pfers, 

ns 

Machiofr^bop,  design  and  eost,  803 

saw-tooth  roofs,  774 
MacUneiy.  vibratioa  of,  763 
Machines,  dynamo-electric,  X377 

re&lgexatuig,  x6os 
MadtoUte.  pactition-blocks.  88t,  883 
Magnesium,  expansion,  xaio 

melting-point,  xtos 
Mahogany,  fiber-stresses,  uHimate,  €51 

spedfic  gravity,  X4S0 

weight,  6^1,  X430 
Mail-cbnies.  1597 
Manganese,  melting-point,  XS03 
Manila  fope.  406 
Mansard  roof,  tiles  for,  875 
Maple,  deflection  In  beams.  664 

ultimate  fiber-stresses,  6sx 

weight,  651 
Marble,  beams,  coeffidenU  for,  6s8 

compression,  a83 

crushing  strength,  s8o,  s8s 

expansion,  xaio 

fiber-stmsses.  flemre,  557 

fiie-resistaBCfl,  81s 

loads,  safe,  masonry.  a66 

shearing  strength,  a8a 

spedfic  gmvlty,  s8t,  i4se 

strength,  367 


tile,  15x9 
weight.  aSa,  X4ao 
Masonry  (see.  abo.  Bikkwock,  Stonework, 
Walls,  etc) 
aidies  (seeArehes) 
bearing  pressure,  sUowaMe,  441 
bond-stones,  dteet  «f .  S69 
building  codes,  367 


Masonry,  e— sat  moiCar  nciaiied,  339 

dassificatioq.  145a 

coefficients  of  fiktIoB,  353 

comixesstve  strength,  365,  441 

cost,  X453,  1453 

crushing  strength  of  stone,  S7^-sia 

footings,  178.  a83-3SS 
tcnuonal  strength,  179 

grouting,  369 

measurement,  1453 

mortar  for,  339,  339 

piers,  a7o 

safe  woxking  loads,  365-s67t  441 

strength,  365-383. 44X 

stresses  in.  365 

thirknws  of  walls,  339*834 

walls,  338-a34 

weight,  X4ao 
Mass-concrete,  strength,  a4»-«5z 
Mathematical  signs  and  rhaiKiwi.  3 
Mathematics,  practical,  3 
Measure,  measures,  s6-3S 

circular  and  angular,  30 

convernon  tables,  35-^5 

cubic,  37, 3x 

dxy,  37,  3* 

Egyptian  long,  34 

fluid.  38 

Gredan  long,  34 

Jewish  long,  34 

linear,  metric,  31 

liquid,  37.  3a 

metric  system.  30-33 

misoellaneous,  36,  a8 

nautical,  36 

Roman  long.  34 

Scripture  and  aadeatt  S4 

surbce,  37.  $t 

time,  30 

value,  39 

volume,  37t  3X 

weight,  38.  3a 
Mechanical  refrigeratieB,  1804,  i(z5 
Mechanics,  applied,  definition,  134 
Mechanics  of  materials,  terms  used,  114 
Melan  arch.  846 
Melting-point,  metals,  isos 
Mensuration,  3&-^S 

definition,  38 

solids,  6X-85 

suxiaces,  38-41 
Mexchandise,  wetghCs,  yt 
Meichantrbar  iron,  377 
Mdcniy.  etpaasioB.  x3xo 

melting-point,  X303 
Metal,  asbestos-protected,  8x9 

data,  X433 

doors,  898,  90X 

finish.  900 

melting-points,  xsoj 

sheet,  standard  gailfllit  4 
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MeUl  f  nunes.  fire-proof  biuldingv*  898 
Metal  furring,  897 
Metal  lath.  887-893. 9aa 
BoBtwick.889 
dinched.  891 
Clinton.  893 
oolunm-protection,  823 
corrugated.  890 
Cup,  890 

diamond  mesh,  888 
Economy.  889 
expanded.  888-891 
fireproofing.  781 
Genfire.  893 
heitingbone.  890 
Hy-rib.  891.  89a 
Integral.  891 
Key.  890 
Kno-bum.  890 
Kno-fur.  891 
partitions.  883.  887 
nctangular  mesh,  888 
ribbed.  890 
Roebling.  893.  893 
SeU-Senteiing.  891 
sheet.  891.  893 
Steekrete.  889 
stiffened.  893 
Sykes.  890.  892 
tnmed,  891 
Truss-loop,  891 
types.  889 
wire.  893,  893 
Metal  lumber.  863 
Metal-rib  plaster-board.  893 
Metal  sashes,  fire-proof  buildings.  898 
Metal  trim,  fire-proof  buildings,  898 
Metallic  furniture  and  fittings.  90$ 
Metamorphic  rocks.  133 
Metric  conversion  Uble.  33 
Metric  system.  30-33 
Mica.  131 
specific  gravity.  1430 
weight,  1430 
Middle  third,  principle  of.  aS4 
arches.  3zr.  3i4<  3iS 
buttresses,  301. 304 
footings.  164 
retafaiing-waUs.  359 
Mill-buildings,  brick.  808-810 
reinforoed  ooncrste.  968-99? 
steel.  1536.  X547.  XS54 
wooden.  758-810.  iS54 
Mili-constructu».     ronforoed 
968-997 
bays.  970 

beams,  secondary.  97  x 
cdumnJoads,  976 
columns,  969.  976-978.  980.  981 
cost.  X533.  1538 
ffoon,  968. 971.  903 
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MiU-construction.  footings,  978.  9^ 
formuku  for  beams  and  slabs,  99a-997 
girderlesB  floors.  993-997 
girdeiB.  974«  97S 
lightmg,  969 
lintels,  975 
k)ads,  974.  976-983 
slabs,  strength-diagram^  984-987 
stairs.  905.  983,  983 
stirrups.  973 

T  beams,  strength-diagranis.  988^^991 
Mill-construction,  sbw-buming.  758^10 
belts.  764 

boUer-plant.  765.  780 
oolunm  and  ^rder-ooonectioas.  763. 763, 

782-800 
columns,  763,  763.  769.  780-788,  795- 

800.  8x0 
conductors.  775 
cornices.  764*  769 
cost.  7S8.  777.  802-8x0, 1538 
definition.  758 
doors,  Sox 

elevator-towers.  764*  768 
fire-pcotection,  8ox 
fiie-retardants,  759 
fire-shutten,  759.  778.  8ox.  9o6»  907 
fire-stops,  759 

fixeproofing  metal  members,  780-782 
floors,  760.  76a.  764.  766.  769.  777.  783- 

794.  810 
frames  and  shutters,  764 
fcammg  steel,  786.  788 . 
general  description.  758-760 
girder-suppotts.  793 
glass.  759.  763.  764.  769.  773,  77S 
gutters.  769.  775 
hangers.  786,  787 
heating.  769.  776 
height  of  buiklings,  777. 81  a 

of  stories,  765.  810 
insurance.  803 
joist-supports,  79a 
painting.  759*  763 
partitions.  759.  8ox 
plumbing-fixtures.  8x0 
post  and  girdcr-coonecticaa.  795 
post-caps  and  bases.  783.  795 
pumps,  759 
roofing-materials,  800 
loofs.  760,  768.  769.  800.  8x0 

saw-tooth.  773-777 
scuppers,  767 
shafting,  765 
skylights.  765 

sprinklers.  768.  777.  779.  801, 909 
stairways.  759.  764.  768.  778.  779.  810 
standard.  760 
steannpipes.  764 
stirrups.  wrought-inMu  794 
76$ 
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Min-cooBtniction,  structunl  detaOs,  78a 

towers.  76«.  763.  768.  778.  779 

tn]SMa,772 

ventaUtian.  769.  775*  77^ 
of  tlmbere,  763 

wiOb.  760.  765.  768.  778.  809 

waKboases,  777 

wnvMhed.  775 

windows.  763*  769 
Milwaukee,  fonuula  for  iteel  columnt,  481 
Biiaeial  wool.  1480.  xssj 
Minncapolit.  fonnula  for  fted  ooliunns. 
481 

loads  on  foundation-beds.  Z43 

^^Boe-buildings,  ■ssumed  loada,  151 

tKicknfM  of  walls.  231 
Mlaeials.  fonning  rack.  130 
Minocs.  X494 

Modulp^  of  elasticity,  concrete,  918,  928. 
938.  939.  957 

formulas.  636*  663.  G64 
Dotatfon,  122 
roof-trusses.  ixsS 


>ttel*  33x.  9x8. 938 

tables,  various  nuterials.  647*  864 
Modulus  of  rupture,  definition.  126 

atone.  28a 

woods.  650,  651 
Modulus,  section  (see  Section-modulus) 
Mokiings,  chuskal.  16x7 
Molds,  ooncxete,  965 
Moments,  bending  (see  Bending  moments) 

definition.  127 

of  inertia  (see  Moments  of  inertia) 

of  resistanoe  (see  Resisting  moment) 

principle  of.  289-291,  294,  301  •  322 
Moments  of  ineitta,  areas,  334~338 
tions.  339 
.  33*.  333 

notatun.  X22 

xectangles.  tables.  346.  347 

structuial  shapes,  354-359>  362-369 

transferring.  338-345 
Montauk  fire-detecting  wire.  908 
Mortar,  adhesive  strength,  240 

aggreptes,  241 

alca  bme,  1467 

brick  footings.  227 
piers.  27X 

cement.  248 ' 
weight  of.  9x3 

cement-gun.  826 

cofors.  X46X 

durability,  8x8 

fire-resistance,  8x8 

floor-tiles.  830 

for  plastering.  a39>  X468-X472 
L  of.  339 
.  M7.  269 


Mortar,  hair  in,  1469 

hot  water  in.  239 

hydiated  lime,  X46S 

lime,  compicssive  stxengtb,  s8s 

mixing,  cement.  239 

natursl-oement,  comprfssive  strength. 
28s 

Portland-cement.  238 
compressive  strength,  283 

quantity  required.  S39f  947 

rehtive  compcasive  and  tensile  strength, 
>83 

salt  hi.  239 

specific  gravity,  14S0 

stone  walls,  229,  230 

water  reqated,  238 

weight,  X420 
Mortarcolon,  X46X 
Mosaics.  Cetandc  15x9 

Florentine,  X5z9 

Roman.  X5X9-IS2X 

Terzaao.  X52Z 
Motion,  definition,  124 
Mud.  X39 

Mushroom  system,  reinforced  concrete, 
95*.  993-997 

Nails,  1443-X447 
National  £lectric  code.  X394 
Natural  cement  (see  Cement) 
Natural  cement  concrete,  235.  267.  284 

mortar,  235 
compressive  strength,  283 

productfon.  235 

strength, -235*  ^84 

weight,  235 

where  used,  23s 
Natural  gas,  X345 
Nautical  measures,  26 
Needling.  218.  222 
Neponset  sheathing,  1481 
Neutral  axis,  beam-sections,  332-338,  $55, 

62X.  928.  937.  938 
New  Orleans,  building  code.  X42 
New  Yoik  City,  arches,  307 

bearing  pressure  on  masonry,  441 

bearing-walls,  thickness,  269 

column-focmula.  cast>iron,  460 

compression,  steel  members,  495 

formula  for  steel  columns,  481 

loads  on  foundation-beds.  X43 

masonry-loads.  267 

office-buildings,  assumed  loads,  131 

pipe<olumn  formula,  469 

skeleton  construction,  234 

terra'cotta,  276 

thickness  of  walls,  230 
Nickel  ezpanskm,  x2xo 

melting-point.  X203 
Nickel  tubing,  X329 
Nfcking-tflst.  wiooght  fteoa.  8fS 
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Nonniy  pine,  beams.  )md»,  641 

columns,  safe  loads,  4S> 

crushing-load.  449 

crushini  stx«Ofth,  acrois  fiain,  454 

deflection  in  beams*  664 

ibwilrasB,  safe,  flexure,  557 

specific  gnvity,  1421 

unit  stresses.  3761 4xa<  6471  6so 

weight.  6501  iA»t 
Notation,  mathsmatioli  isa«  saa 


Nuts.  X439 
stsndaid  dimensions.  1440 
weight,  X44X 

Oak.  beams,  coeflldeats  for.  (s8 

beams,  distributed  loads,  saloi  64s 

columns,  safe  loads,  4|x 

crushing-load,  wilh  the  iiMn«  449 

crushing  strength,  acxoaa  the  gnkia«  4S4 

deflection  in  beams*  664 

fiber^trcases,  safe,  flcxurei  SS7 

shesxing-stxesses.  41  > 

specific  gnvity.  1420 

uk  stresses,  376. 4"*  647t  648*  631 

weight,  65X.  1430 
Octagon.  37 
Office-buildings,  assumed  loads,  151 

cost,  XS3I 

fire-hose  in,  9x0 

floer-loads.  719*  7so 

hixnitute,  weight,  149 

I-beam  siass.  869 
Oflfseu.  buttxesses,  298 

footings.  X63-X65 
Ohm.  defined.  X372 
Open-hearth  steel,  380 
Opera-houses,  dimensions,  1577 
Olden,  classical.  16x8^x624 
Oregon  Pine  (see  Douglas  fir) 
Ottawa  sand.  235,  241.  91 J 
Ovoid  bar«  922 

Painting,  X482't487 

cement  and  ooocrett,  1487 

driers,  1483 

fire-proof.  8a2.  899 

heat-tranamissioa,  IS47 

inside,  1484 

mill-constructioa,  719 

old  work,  1485 

outside,  X483 

plaatcrBd  waUi,  t4flS 

priming,  1483 

radiators.  1247 

structural  steel,  1486,  X5s6 

timbers,  763 

tin  roofs.  1484,  xsois*  1304 

varnish,  1484 

vehicle,  1482 
''sntry.sioki,  dimliidm,  xs6x 


papv.  boOdi^  1478-1481 

weight,  73s 
Paper-mills,  coat.  805 
PaxaboU,  38,  79 

center  of  gnvity.  2^ 
Pacabolotd  of  xevdaitiaB, 
PaxaUekngxam,  37, 39 

of  forces.  289 
Parapets  on  mibls,  768 
Paxtitioos.  bckk.  880 

concrete,  880,  886 

deadening  properties,  894-^96 

double,  886.  894 

fixe-proof,  878-897 

Gyvsiniu.  88j 

boUow-tile,  879.  88x,  894 

MackoUte  bbcks,  88a 

metal  lath,  887-893. 894 

inili<onatruction.  759t8oi 

plaster4>lock,  88x-88» 

rib-stud,  887 

solid  plaster,  884,  883. 894 

tem-ootta,  879,  881. 894 

types.  880 

wooden.  72S-7«7.  74* 
Party  walls,  floor-kwds  on*  st84 

wardnuscs,  778 
Patterns,  rsttings,  L43S 
Pavementpprisms,  X493 
Pavements,  asphalt,  xsss 
Peat,  139 
Pedestal-piles.  X98 

Ptenns^ania  Railroad  Ciai&'^lied.  1099 
Pentagon,  37 
Perimeter  of  triangles,  center  a£  giavitjr. 

S9S 
Perkxlicals,  arcbitectwal,  17x0 
Philsdflphia.  bearing  prenura  oa  1 


fbxmula  for  steel  minmas,  491 
kwds  on  foundation-beds,  14a 
masonry-loads,  267 
pipe<olumn  formula.  4169 
Pboaphoxus  in  steel,  381 ,  383 
Pianos,  dimensions,  XS38 
Piers,  arch,  305 
brick,  267-269.  a7x-s76,  278 

bond-stones,  269 

cxushing  strength.  268,  273,  274 

foimulas,  268 

safe  loads,  265 

strength,  268,  27X-476. 178 
caisson,  2x2,  2x4 
center  of  gnvity.  30X.  3M 
footixigs  for.  x6x.  x62, 176-478, 184.  tti 
foundation,  200 
line  of  pressure,  300 
on  concrete  piles,  X99 

grillage,  X84,  X85 
pneumatic-caisson  method,  21a.  ai4 
reinforoed-coocrete,  980 
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PSen,  lUbilitj,  t97-3Qi 

•tone.  t7o 

tem-ootU,  276-«78 

tbnist,  s97<  298 
Pigmentft.  paints.  14&S 
Pile,  piles,  concrete,  reinforced,  i96-too, 

949 
advantages,  198 
built  in  place.  197 
built-up,  driving,  198 
composite.  198 
crushing  strength,  196 
durability,  x88. 196 
loads,  safe,  199 
pcdesUl.  198 
Raymond,  197. 198 
rdnforocment,  197,  949 
Simplex.  197 
under  piexs.  199 
wooden  piks.  baring  power,  199 
capping.  190. 198 

timber-gxiUage,  191, 19a 
cost  of  driving,  195 
crushing  strength,  196 
driving.  189, 190. 194-198.  sot-so4 
durability,  x88. 196 
Engineering  News  foxmula  for  pile 

foundations.  193 
municipal  requixements,  189 

piers,  X99 

plan  of.  for  building.  19a 

safe  loads.  189. 193,  i95 

sheet,  soo-309 

HMdng,  190 

spedficatioos,  193 

under  piexs.  199 

woods  used.  189 
Pik^drivecs.  190.  X94-X98,  aoi-ao4 
Pin.  pins,  in  txusses,  433-4>9 
Pine,  expansion,  isxo 
Norway  (see  Norway  pine) 
white  (see  White  pine) 
yellow  (see  Yellow  pine) 
Pipe,  pipes,  block-tin.  1333 
brass,  X343 
capacity.  ia97.  X3i7 
cast-iron.  1303.  X3sx,  X34<>  ^3A^ 
conduits.  1393 
coverings.  xa43.  ^344.  X5H 
drain.  i3ax-X3^.  1333«  '334 
expansion.  X34X-X343 
flow  of  water  throu|^  xa96-X3X3,  X334 
friction  in,  130s 
fuxnace.  xa54-xa58.  x  266-1369 
gas.  X346-X3SO 
beating  (see  Heating) 
hot-water  supply.  X3*9>  X34'*  t343 
lead,  X32a-i3>9>  i33»-^33a 
near  oolunms,  877 
sewer.  1321-1323.  X333.  Z3S4. 1336 
ioiL  1331*  S8M.  Il4l 


Pipe,  supply,  X304'i3xs.  13*9 

^srmbols,  1248. 1338-1340 

tests.  1303,  X326 

tin-lined.  1333 

vent,  X3ax.  1324 

waste,  X324 

wrought-ixon,  1322. 1343*  1346*1930 
Pipe<oluflBliB,  469^188 
Pipe-coverings,  8teai»i)ipei»  ia4S«  i344« 

1534 
Pitch,  slag  roofi,  1309 
Plane,  incHned,  232 
Plaster,  alca-lime,  14167 

asbe8tic8x8 

txpaasion,  tszo 

fire-resistanoe,  8x8 

gypsum.  1469 

hard-waU.  1470 

hydrated-liine,  X46S 

Keene's  cement,  X470 

machine-made,  X469 

measuring.  1470 

moxtar  for,  239. 1468-1472 

waU.X469 

weight.  7«3 
Plaster-blocks.  880.  882 
Plaster  of  Paiis.  colunuHnotectkm,  893 

fire-resistanee*  818 
Plasteiing,  1468-1472 

coats,  X468 

cornices  and  moldings,  X470 

cost,  X47X 

hair  in.  X469 

hard  finish.  1469 

materials.  1471 

mortar.  1469 

quantity  of  mortar,  939 

sand  finish.  X469 
Plate,  base,  forms  of,  441 

bearing.  440 

cast  iron,  weight.  1438 

cover,  riveted  joints,  42X 

steel.  384*  38s.  ZS25 

waU  (see  WaU-piatcs) 
Plate-and-angle  columns,  342,  344*  4<>7« 
475.  477,  479 

safe  kMds.  484 

tables.  SI7-S32 
PUte  girders.  340.  341.  68x'7x6 

bill  of  quantities.  694 

buckling.  686.  705 

construction,  details.  682 

elements,  706-7x6 

end-reactions,  maiimiim,  703,  706^x6 

examples.  688-694 

framing  and  connections,  6x5 

xnoment  of  inertia,  section,  340,  34X 

rivet-holes,  loss  from,  702 

rivets,  shearing  vahie,  692 

shear.  684-687.  690, 698 
1       spiioe>platcs,  693 
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Plate  girders,  stiffenen.  68i,  686 

web.  68z.  6S4.  686.  691,  694.  703-705. 
706-716 
budding  value,  705 
shearing-value,  703 

weight.  687 
Plationns.  stone,  X453 
Plenum-^stem.  ventilating,  laSx 
Plumbing,  X3ax-X350 

definition  of  terms,  X321 

fixtures,  810. 1335.  t3<6.  X334-*>340. 1560 

pipes  (see  under  Pipes) 
.     symbols.  X337-X340 

testing,  1302,  X326 
Piumbing-fixtures,  X335.  1336,  X334'-S340 

cost,  mill-buildingB,  8x0 

dimensions,  1560 
Plunge-bath,  1336 
Plutonic  rocks,  X3s 
Pneumatic  caisson,  axx,  axs 

water-supply,  x3xo 
Pding-board  method,  foundations,  309 
Polygons,  definition,  36 

equilibrium,  299.  3x3-315.  3X9 

factors  for  determining  elements,  40 

force,  289 
Polyhedrons,  regular,  63 
Poplar  (see.  also,  Whitewood) 

columns,  safe  loads,  452 

crushing-loads,  with  the  grain,  449 

specific  gravity,  X43X 

weight.  651,  X42X 

unit  stresses.  651 
Portal-bracing,  1x76,  xx83 
Portland  cement,  adhesive  stxength,  340 

composition,  236 

concrete,  reinforced,  913, 9x3 

concrete  blocks,  333 

cost,  338 

defined.  237 

expansion,  xaio 

manufacture,  336 

mortar.  338 
conq>ressive  strength,  383 
spedfic  gravity,  1420 
weight.  1430 

quantities  in  concrete,  347 

specific  gravity.  237. 14x6 

specifications.  237.  9X3 

strength.  237.  383.  384 

testing.  2J7,  9x2 

weight,  14x6 
Post-caps.  782-788,  79X,  795-800 
Post-office  buildings.  1550 
Posts  (see  Columns) 
Pound-feet,  290 
Pound-inches.  290 
Power-hammer,  underpiAnixtg,  9»i 
Power-houses,  cost,  1533 
Pratt  truss,  loos,  1036.  xoist,  X013S.  xof4 
Prism,  38k  6s 


Prism  glass.  X368 

fire-resistance.  82X 
Prismoid.  quadrangular.  62 
Profeasioiuil  practice,  A.I.A.,  1647 
Pulleys,  arrangement,  X64J 

sash.  1569 

and  speed.  x64^     * 
air-lift.  X309 

deep  weUs,  1305 

fire,  X3x6 

fire-streams.  X3X5 

miDs.  759 

plunger,  X30S 

private  water-supply.  1304 

single-acting,  X307 

steam.  13x5 
Punching,  effect  on  steel  plates,  383 
Purlins,  braoed-chaimd.  X169 

channels.  X169 

connections.  xi53. 1x69. 1x70 

definition,  998 

design.  XX44.  xx69.  XX70 

I-beam,  X169 

spacing,  X003,  xoo6 

supports.  X004.  1046.  X047 

wdght.  1050.  X055 

wooden.  1x44.  1153*  1x69 

workshops,  77X 

Z-bar,  XX69 
Pusaolan  cement,  236,  337 
Pyramid,  38 

frustum,  38.  64 

vdume,  64 
Pyrometer,  X302-X204 

Quadrangular  prismoid,  62 
Quadrant  of  drde.  center  of  gravity.  395 
Quadrilaterals,  center  of  gravity,  292.  995 
Quantity  system  of  estimating.  1555 
Quarts,  X30 

expansion,  1210 

specific  gravity,  X42X 

weight,  Z42Z 
Quartxite,  133 
Queen  truss,  999-X004,  1049,  1055.  X071. 

X072,  XIX2-1X16.  X139,  1x40 
Quicklime.  1463 
Quicksand.  136 

excavations  in.  137,  2xx 

foundatioo-beds  in.  137.  X41 

safe  load  on.  141 
Quilts,  building,  1479-1482 

Radiators.   12x1-1221,    i24»-x347.   »6ob 
X264 
American.  X213.  x2io 
cast-iron.  X212 
Colonial  wall,  xsxs 

taxx,  X3i6 
xaxs 

Z9X9 

heatint-aaifm  jam  HaaHng) 
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Ibuiiatttn,  hot-w&ier,  1146, 1147 

meanirement,  laia 
Radius  of  gyration,  ams,  534-'538 

beam  cdumns,  504-5x5 

cfaamtel  and  angle-stnits,  499-SOS 

cohinm-sectioos,  hoUow  rectangular,  545 

plate  and  angle,  344.  5X7-53' 

plate  and  channel,  box.  533-554 

compound  sections,  344 

definition.  333 

hollow-round  sections,  table,  348 

hottow-square  sections,  table,  350 

in  column-formuku.  480-488,  493-496 

notation,  xsa 

steel-pipe  columns,  47a.  497.  49^ 

structural  shapes.  354-359*  36a-374 
Rafters,  hip  and  jack,  length  and  bevel.  90 

maximum  span,  740.  741*  745.  746 

<m  roof-trusses,  X003-1006,  10x4-1016, 
X0X9,  X046,  1x38.  XX43,  XX44,  XX50, 
XXSS-XX54,  XX69 

weight,  wooden,  X050 
Rags,  wdght,  722 
Sams,  hydraulic  X304 
Range-boilers.  dimensions  of,  X562 
Rankine's  formuUi,  cast-iron  columns.  460, 
46X 

depth  of  keystone,  308 

steel  columns,  48X,  493 
Ransome  bar,  9x9 
Raymond  concrete  pile,  197 
Reaming,  rivets,  4x4 
Redptocals,  table.  8 
Rectangles.  37.  39 

axis  of  moments.  335 

holbw.  moment  of  inertia.  335 

moment  of  inertia,  335.  346 

radius  of  gyration,  335 

sectioQ-modulus,  335 
Redwood,  beams,  loads,  640 

ocriumns,  safe  loads,  452 

crushing-loads,  with  the  grsin,  449 

crushing  strength,  across  the  grsin,  454 

deflection  in  beams,  664 

fiber-stress,  safe,  flnure,  557 

shear,  647 

ttoAon,  safe  stress,  376,  647 

unit  stresses,  647.  650 

weight,  650 
Refrtction  of  light.  i367->X37o,  1493-X494 
Refrigeration,  mechanical  (see.  also.  Re- 
frigerators). x6o4-x6x5 
Refrigerators    (see,   also.   Refrigeration). 

159^x603,  x6xx-x6x3 
Registers,  125^x258,  x266-xa7o 
Reinforced  concrete  (see,  also.  Concrete 
and  ReinloroeBBents) 

adhesion,  923, 924. 942 

aggregate,  913.  9X4 

anchoring,  9aa 
*3ai 


Reinfofced  concrete,  beams,  937*  9a8t  935. 
939.  944.  97a,  973 

bending  moments,  939 

bond.  919.  923.  928.  944 

raiswnns.  2x2 

cantilever  flat-slab  system.  953 

cast-iron  cdumn-connections,  949 

cement  used,  912 

chimneys,  1292 

cinders.  9x4. 934 
corrosion  of  steel.  8x8,  96X 

Gimax  system.  86x 

columns.  945-949.  969.  976,  977 

compression-rods,  925,  944 

compressive  strength,  9x6 

conductivity,  956 

connections,  948-950 

Considire  formula,  946 

construction  in  general,  9x1-967 

corrosion-protection.  960 

cost,  250.  91S  XS32,  X538 

Cummings  system,  926,  949 

definition,  9x1 

design  of,  927 

diagonal  tension,  923,  943 
.    erection.  9x1,  962 

factors  of  safety,  9x6 

factory-construction,  968-^7 

fire-tests.  956,  958,  960 

Fire  Underwriters'  requirements,  959 

fireproofing,  781,  8xx,  956.  958 

flat-sUb  construction,  952 

floors,  844-863.  927-944.  95»-956 
surface-finish.  965 

Floretyle  system.  954 

footings.  x86.  X96,  950.  978 

forms.  24s.  962,  963.  965,  966 

formulas.  927-938.  940.  943.  946.  993- 
996 

foundations,  186.  196.  9So.  978 

four-way  system.  952.  993-997 

frictional  resistance,  923 

girders  (see  Beams) 

gravel.  914 

heat,  effect  of.  827,  94X.  956^59 

Hennebique  system,  922,  923 

historical  notes,  9xx 

hollow-tile  and  concrete,  953 

X  beams,  reinforced,  860 

inspection.  965 

joining  new  work  to  old.  966 

Kahn  system.  924,  953 

lateral  reinforcement,  columns,  947.  949 

k)ad-tests,  967 

metal-core  columns,  947 

materiab  used.  9x2-927 

mill-construction,  9sx,  968-997 

xnixing.  963.  964 

mixtures,  9x5,  9x6,  948,  964 

modulus  of  elasticity,  9x8,  9^f  93S» 
939.  94fl*  957 
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Mnfoiced  coocrate,  molds,  145, 96a,  963, 
96s.  966 
Mushroom  system,  9SSt  99^-^7 
piers,  978 
piks.  196-300,  949 
pouring  and  nunminf,  964. 966 
propoctioos  of  mfttcrials,  915 
protected  from  fire.  959 
reinforcements  (see  Reinforoemeots) 
retakdng-walls,  261-263 
roofs.  873.  874-876, 968, 976 
land.  9x3 

sectional  systems.  859 
Seigwart  system,  859 
separately  moulded  systrnn,  9SS 
■hear.  9x8.  923.  94X-9a 
shrinkage-stresses,  941 
skeleton  construction,  931 
■labs,  9S7,  936.  940.  9Sa.  9SS>  97i»  975. 
984-^7.  993-997 

bending  moments,  936. 940,  984-987 

diagrams  for  strength,  984. 987 

loads,  safe.  984-987 

strength,  984 
stairs.  905.  9S>*  98a,  983 
steel,  corrosion,  961 

grades  used,  917 

in  compression,  91$,  944 

specifications.  9x9 

tensioA-members,  9i9^a5 

working  stresses,  9X7-9X9 
■tJxnxpB.  923-947. 944. 973 
stone,  914. 939 
superintendence.  965 
System  M,  952 

T  beams.  936.  94X.  97x,  97S.  988-99« 
temperature^tresses,  941 

diagonal.  923, 942 
tension-memben.  9x9-925 
tensional  stress.  998 
tests  for  fire<reBistanoe,  956,  960 

adhesion,  924 

loads.  967 
thickness  of  concrete,  959 
tile>and<oiicreU  floors,  953-9S5 
tile>proteotion.  960 
two-way  tile  system,  95S-954 
types  of  ooutraction.  9Sx-9s6.  968 
unit  system  of  retnfoccement,  926 
Vaugban  system,  86x 
Waite's  ooacrete  X  beam,  860 
waU-pien.  978 

walls,  949. 968,  971. 975-978 
water  for^  914 
Watson  system.  861 
wet-concrete  mizturca,  964 
working  stresses.  9x6-9x8,  939 
wrought  iron.  912 
ReinforcemoBta  (see,  also,  Rcinforoed  000- 
cKte) 

.  923.  942,  944 


Reinforcements,  Akme  gywbua,  9$j 

ban.  round.  977.  978. 1446, 1448,  X43X 
square.  97X-975.  984-987.  X5a« 

Berger's  Multiplex.  857 

centering,  pfrmsnenl,  858 

CofT-bar  unit.  927 

G>rr-mesh.  859 

Corr-plate  floor  system,  953 

corrugated  bars.  920 

Cummings  system.  926. 949 

defonned  bars,  9x9.  922 

Diamond  bar,  921 

dovetailed  corrugated  sheets.  856 

Duplex  Self-Centering.  859 

expanded-metal,  848,  888^z.  9aa 

Ferroiadave.  856 

flat  bars.  Bnehling  system.  Ssa 

Floretyle,  954 

girder-frame.  926 

Havermeyer  bar,  920, 921 

Hennebique  system.  923. 944 

Hy-rib,  859 

Kahn  bar,  924,  944 

Kahn  tile,  953 

Keyridge.8s9 

lock-woven  fabric  850 

loop  truss.  927 

Luten  truss.  927 

meul  fabric,  welded,  850 

metal  lath,  887-893.  9aa 

multiplex,  Beiier'a,  857 

Ovoid  bar,  93a 

percentage  of.  939. 941 

permanent  centering.  858 

pixxonnected  girdcf^fanne.  916 

Ransome  bac;  919 

Rib-bar.  921 

rib-metal  849 

rib-truss.  859 

ribbed  bars,  rolwrnWan.  854 

rods,  number,  941 

RoeUii«  system,  flat  ban.  ^a 

Self-Centering.  859 

Self-Sentering,  8s9.  89X 

spiral  steel  bac,  9ao 

System  M,  9sa 

types,  84s,  848-861. 8a4<«94. 9x»-»a7 

unit  system.  936 

welded-meUl  fabric.  850 

wire  iahric  851. 85a 

wise  mesh,  9aa 

wrought-iron.  9xa 

Xpaiitras  bar,  9x5.  944 
Resisting  moment,  1  aa,  174*  333.  S55. 556. 

636.<ia3,9a9 
Rfftnlution,  loroas,  tSM,  »S5*  a88.a89,4af. 

429,  434*437.438,  1117.  XXJI.  XX44. 

XX50 
Rest,  definition,  124 
Resultant,  force,  288,  289 
Retaining-walls,  2S»'264 
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RetBtnbiCMrons.  aosles  M  CrictiaD,  SS3 

angles  of  lepoie,  tsfit  960 

bfttta,  ssQ*  a6o 

deavage-plane.  a57>  asS 

ooeffidents  of  fzictioo,  asj 

001i8tructkm.detaab.s59 

defioitioa,  asS 

footings,  361,  a6a 

fnctkn.  theorem  of.  15* 
angles  of.  as$ 

intemal  stresses,  iS7 

Pleasures  od.  aS7 

proportioDS.  a6x 

reinfoiced-conatte.  a6x-sC3 

thkkneas.  a6o 

theories,  2SS 
Rhomboid,  37 
Rhombus.  37 
Rib-bax.  9ai 
Rib-metsl,  properties,  849 

reinforcement  fof  ooocrete  floon.  849 
Rib-stud,  plaster  paztitiasis,  887 
Rib-truss.  859 
Richmond,  loads  on  fenndatiaa-beds,  143 

office-bidldings.  awumed  loada,  xsx 
Rife  mm.  capacities,  1305 
Risers,  stairs,  rules,  1568 

table,  1566 
River-deposits,  133 
Rivet,  rivets  (see,  also.  Riveting) 

American  Bridge  Co.,  staadaxd,  table.  4ao 

annealing,  38a,  414 

arrangement,  4x5 

bearing  vahie,  4x3 
area  used.  4x6 
Boston  law,  4x8 
1^  proportion,  69a 

Cambria,  4x8 

Carnegie.  4x8 

determination  of,  41$ 

for  field-rivets.  6x8 

formula  for,  4x6 

live  loads,  4x5 

New  York  law.  4x8 

riveted  giideis,  table,  4x8 

ahop-civMs,  6<8 

sted-beam  connections,  taUe,  419 

steel  trusses,  table.  419 

tabks.  418, 4x9 

wrought  iron.  4x5 

wrought  iron,  table,  4x8 
bending-stress,  4sa,  443 
bridgo-work,  423 
butt-joints,  comparative  eflfideBcy.  4az 

diagrams,  43X 
chain,  definition,  4ax 
clearance,  4x4 

columns,  number  of  sows,  diagrams,  467 
cost,  base-prioeior  livda,  Z5«S 

punching  holes.  1535 


RivaC,  covar-piaAes.  diagfaau,  4sz.  421 
definitions,  4x3 
diagrams,  boa  gilder,  akvatiaB,  697 

butt-joints,  4ax 

columns,  lows  of  ixvala,  467 

conventional  signs.  4x7 

cover-plates,  4a  x.  4aa 

failure  of  jofaUa,  4XS 

lap-joint,  4ax 

lengths  and  grips,  4^ 

plate-girder  connectioBs,  fiig 

plate  girder,  elevatiosi.  693 

proportions,  4x6 

rivet-heads.  4x3 

single  shear,  4xx 

splice-plate,  girder,  693 

stiffeneis,  693 
diameters,  plate  and  box  gixdan.  tta 

standard  connectiQiis,  6x7 

table,  420 
distance  from  edge  of  plate,  68s 
drift-pins,  4x4.  683 
failure  of  joints.  4x5 
field,  433 

lengths,  table,  4S0 

shwtring  vaine,  6x8 

weight,  penentags  added,  6x7 
grips,  table,  430 
heads,  4x3. 68a 

diagram.  4x6 

eccentric  4x4 
holes.  4x3 


6x5 


allowance  for 


70a. 
703.  70s 

deductions,  plates  and  angles,  tables. 
399.400 

dednctioos,  riveted  girders,  604 

diameter.  4x4,  415,  689 

punching,  38a,  4x4,  4x5 

punching,  cost,  1535 
in  flange-angles,  687. 69X 
in  plate  gilders,  diagram.  6xs 
In  stiffeners.  687 
initial  slip,  433 
inspection.  4x4 
lap-joints,  diagram,  431 
lengths.  4x3 

fiekl-rivets.  table,  4S0 
loose.  4x4 

machine-driven,  683 
material  oif,  4x3 
number  of,  coInmMonnectioas,  469 

equation  for  determining,  687 

examples,  43Xt  433, 69x.  69a,  696, 697, 
699.  700,  7m 

flange^angles,  examples.  696, 697t  699. 
70X 

for  double  shear,  4x6 

uk  plate  girder,  djagram.  6x5, 693 
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Rivet,  number  of  in  plate  girder,  example. 
691,692 

standard  ooonectiooa.  616 
pitch  (see  Spadng) 
proportioQs.  diagrams,  416 
poniching,  diameter  of  die,  683 

cost,  1535 
reaming.  383,  4x4,  433, 683  * 
shanks,  diagram,  4x6 
shearing  value,  4x3 

area  used.  4x6 

by  proportion,  693 

Gdumn-connectioas,  469 

detomination  of,  413 

double  shear,  4x6 

field-rivets,  6x8 

live  loads.  4x5 

shop-rivets,  618 

steel-beam  connections,  table,  4x9 

steel  trusses,  table,  4x9 

tables.  4x8.  4x9 

wrought  iron,  4x5 
shop,  4x4.  41 S.  4*3 

bearing  value.  6x8 

%hff»ring  value,  6x8 
signs,  conventional  diagram,  417 
sixes,  determination  of,  4x5 

diagrams,  416 

for  plate-thicknesses,  4x5 

shop-practice,  4x5 

table.  430 
spadng.  414 

cover-plates  of  plate  girders,  683 

diagrams,  43  x,  433. 6x3 

flange-angle.  rTampln.  696,  697. 699- 
70X 

plate  girder,  diagram.  693 

plate  girder,  example.  691,  693 

standard  connections,  diagram,  6x7 

steel  columns,  469 
staggering.  4x4 
standard  connections,  diagram,  6x7 

limiting  values,  table.  6x8 

number  of  rivets,  variation  in,  6x6 
taper-rivets.  433 
weights,  standard  connections.  617 

steel  rivets.  1442 
wofking  stresses,  4x5,  4x6,  433 

column-connections,  469 

compared,  693 

for  bridg».  433 

in  tables,  418,  419 

standard  connections,  table,  6x8 
Riveting  (see.  also.  Rivets),  4^S'4^S 
box  girders.  68x^7x6 
bridge-work,  433 
column-connections.  469 
cost,  1535 

definitions.  4x3,  43X 
design  of  joints,  steps  in,  4XS 
double,  drfintlion,  431 


Riveting,  field,  4x5 

compared  with  shop,  433 

floor-beam  connections,  ^^•'t'^i  4*1 

inspection,  414 

machines.  4x4 

plate  girders.  681-716 

shop.  414.  41S.  423 

signs  for.  4x7 

single,  definition.  421 

standard  oonnectioos.  6x7 

tie-bar  splicing.  431 
Rock,  an^  of  repose,  356 

argillaceous.  133 

as  a  foundation.  X33 

bed-rock.  X34.  X35 

boulders.  X34.  X36 

classification,  130.  X3X.  X34 

composition.  X30 

decayed,  foundation-bed,  134, 135 

definitions.  X34 

disintegration,  X33*  134 

excavation,  coat,  X450 

igneous,  X3X 

inclined  strata,  146 

ledge,  134,  X3S 

loose.  X34*  X3S 

metamorphic  X3x.  xjt 

Plutonic.  X3x,  X33 

rotten,  134.  X35 

safe  loads.  X4X,  Z43 

sedimentary.  131 

testing.  X45 

under  caisson-piers.  3x4 

weight  of  loose.  356 
Rods,  steel.  385-398 

safe  kads.  388-39' 

screw-ends,  387.  393-398 

standard  dassification  and  cost,  isx8 

weights.  I438'X435 
RoeUing's  Sons  wire-gauge.  400 

aith  floor-system,  846 

expanded-metal  lath,  890 

flat  floor-constniction.  853 

standard-wire  lath.  803.  893 
Roman  long  measures.  34 

weight.  34 
Roof,  roofs  (see,  also.  Roofing  and  Roof> 
trusses) 

cost,  saw-tooth,  777 
null-construction.  763,  765.  769*  8xx 

dampness,  800 

fire-proof,  873^78 

fire-protected.  Sox,  xszx 

flooding.  801 

leaks,  800 

loads,  X046-XOS8,  XX09 

mansard,  87s 

noxsles,  Sox 

xaf  ters  (see  Rafters) 

reinforced  ooactete.  872.  874-S76.  968. 
976 
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Roof,  Mw-tooUi.  77>-^77 

tnaaaet  (see  Roof-traases) 
Roof -loads  (see  Loads) 
Roof-trusses  (see.  also.  Roofs  and  Roofing) 
anchoring,  iiso-ixsa.  xx68 
aiched  trasses.  X035-1037 

stresses  in,  xxxS-iiso 

wooden,  xo2o-xoa4 
uches.  trassed.  xoaT-io^s 

stxtsaesin.  1XS1-XX33 

witb  solid  ribs,  1x32 
hinged.  xo38-xo4a.  xx2i-xx30 
beam,  trusaed.  xo68 
Bow's  notation,  xo66 
bowstring.  I03S.  xo94*  xo95 
cambetcd,  xoix-xoxg.  xos6. 1028, 1033- 
103s 

stresses  in.  1056.  xoGo.  xo6x,  xo79^ 
X086.  X093-X095 
cantilever.  x043'XO4S*  1x05-1x07 
car-baxn,  X028,  X056 
coefficients    for    detennining    stresses, 

X058-1065 
cxiostniction  (see  Roof-trusses,  design) 
coat,  steel.  1526 

coonterbcaidng.  xooo-xoo6, 1034*  "04 
crane.  X069 
definitions,  998 
design.  XX38-X 170 

ateeU  1x44-1x49.  xx6(>-ii7o 

wooden,    434-439.    998-1024.    1044. 
X048-X057.  XX38~IX44,  1x4^x160 
diagxama,  letteiing,  xo66 
fan  (see  Fan  truss) 
Fink  (see  Fink  truss) 
firepcoofing  for.  866 
fixed  aich,  X043.  "31 
fixed  ends,  wind-stresses,  1x09,  xxxo 
flat  roofs,  X030-X034.  »oS7.  1075-1077. 

X089-X092,  XX02-XX04,  XX43 
focoes  acting  00  truss.  xo66 
French,  X026  ■ 

graphic  method  of  determining  stresses, 

1065 
hamnier>benm  (see  Hammei^beam  truss) 
hotiaontal  chords,  X004 
horiaontal  deflection,  X085-1088,  XIX9, 

XX29 

horiaootai  thrust,  X085-X088, 11x9. 1x29 
Howe  (see  Howe  trass) 
influence-lines.  XX34 
joints,  sted.  423-429.  xx6o-xx70 
wooden.  412.  413.  4^^432.  434-439. 

XX49-1X60 
king-poet,  998,  xooo 
king-rod,  998.  999.  1048,  1069.  1099. 

1153.  "54 
knee-bcaces,     xo25-ioa7*     xix6-zxx8» 

xx67>  X168 
lar«crews,  1X57.  S449.  I4S» 
bMil  bndBg.  xoss 


Roof'trusaes,  lattice,  1007,  zoxOb  Z089-X09X 
loads  (see  Loads) 
notation.  Bow's.  xo66 
pin-connections,  423-429,   1030,   1032, 

1034.  x"7 
Pratt  (see  Pratt  truss) 
pixiportioning  members.  1x39 
puiiins  (see  Purlins) 
quadrangular.  X032,  X033, 109X-X094 
queen,    994-1004.  .  1049.    1055.    X07X. 

X072,  XXX2-XX16. 1x39*  1x40 
raftefs  (see  Rafters) 
reactions,  xo66 

wind-loads,  xxxo 

unsymmetzical  loads,  X096,  X098 
roller-bearing,  wind-stresses.  xxxx.  xix8 
sag-tie.  X025 

saw-tooth  roofs,  772-777 
sdaaoKs  (see  Scissors  tnisacs) 
shed,  X025 
shop-drawings,  1x62 
qMuang.  1047.  X048.  X05X 
q)lidng  in  wooden,  X155 
sted,  X025-X043.  X045, 1x60-1x70 
sted,  cost,  1526 

saw-tooth  roob.  772 
steel  columns  in  trusses.  X139 
stresses,  X046-1137 
suspended,  1032,  X089 
trusaed  beam.  xo68 
types.  998-1045 

unit  stresses,  wooden  trusses,  1138 
unsymmetrical,  X096-X098,  xxo^xxo7 

loads,  X096,  1098 
wall-plates.  1003, 1X50-XX52,  X156. 1x58, 

xx6x,  XX65.  X168 
Warren  (see  Warren  trass) 
washers.  xx57-xx6o 
weight.  X050, 1051 
white  pine,  XX38 

wooden.  434-439.  998-X024,  X044,  X048- 
X057.  XX38-XX44,  XX49-XX60 

unit  stresses.  1x38 
Roofing  (see,  also.  Roofs  and  Roof-trusses) 
asbestos  corrugated  sheathing,  9x9 

shingles,  8x9 
asphalt-gravel.  875. 1512 
asphaltic  materials,  1522 
Barrett,  X509 
Bonanza  tile,  873.  874 
book-tile.  873 
canvas,  Sox 
cement  tiles,  873.  874 
copper,  X049,  X5x8 

corrugated  iron,  X046.  X049, 15x3, 1515 
dampness,  800 
felt,  weight.  1049 
flat  rooiii.  872.  X046 
gravei.875 

fire-resistaiioet  1511 
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Hoofing  materiab*  800.  819.  87s.  1048* 
X48Xt  X495-I5i8t  I53S 

miU-ooQstructkm,  760,  800 

pitched  rooii,  87a.  1046 

prepared,  15x3 

ready 1 1027  •  X046,  X049, 15x3 

rdnforced-oement  tiles.  873«  874 

sfaeatfaing.  wooden,  X049,  1055 
paper.  X48X 

sbinglcs,  1046,  X49S 

slag.  80X,  X509,  xsxx,  xsxt,  X5X3 

slate.  875*  X046.  1049,  t49fr-xSoo 

sted  sheets,  15x3,  isis 
asoestos-covered,  8x9 

tar^and-gmvel,  875,  uny 

tile.  873,  xsoo.  X50X,  1549 

tin,  801.  1046,  X049.  x5oa^z5a8 

warehouses.  800 
Rope,  cotton,  hemp  and  Manila,  406-408 

wire,  404-416 
Round  rcxis.  safe  loads,  388 
Rubblework.  235,  441,  1452 
Rupture,  Modulus  of  (see  Modulus  of 
rapture) 

Sackett's  waU-board.  893 
St.  Louis,  loads  on  faundation*beds,  143, 
267 

oflfice-buildings,  asmuned  loadsi  xsz 

thickness  of  walls,  231 
St.  Paul,  loads  on  foundatioD>faeds.  143 

officfr-boildings,  niwimrd  loads.  151 
San  Fiandsoo,  loads  on  foundatum^beds, 
143 

thickness  of  walls,  331 
San  Frsndsco  fire,  tests  of  tnatezisls.  958 
Sand,  angle  of  repose,  256 

beds  of,  X34 

chemical  analysis,  X38 

classification,  X36 

compositian,  X36 

cost.  249 

definition,  X34 

foandatioit'heda  on,  X4X 

in  reinforoed  ooncrtie,  913 

Ottawa.  34X 

proportion  in  cement  mttrtar,  t39»  •4Z* 
347 
in  concrete.  241-243,  247^51 
in  lime  mortar,  1467 

quicksand.  136.  137. 14X1  atx 

safe  loads  on.  141, 143 

screening.  X467 

sieve-tests.  X38,  24X 

source  of,  x  jOi  1467 

voida,  247-349 

weight,  248.  256.  X421, 14504  X4fi8 
Sand-ban.  fbrmation  of.  133 
Sand  finish,  plastering.  1469 
Sandstone.  131 

~        ifor.6a8 


Sandstone,  bituminoaa.  pavtag,  X5«S 

crushing  strength.  s70f  279-*8a 

expansion,  xsxo 

fiber-stresses,  557 

fire-resistanoe,  8x5 

kMuis.  safe.  266.  267.  t79*  aSa 

modulus  of  dasddty.  tSa 
of  rupture,  282 

shearing  strragth.  382 

specific  gravity,  282*  X43X.  Z433 

ultimate  tensional  strength*  aSa 

weight,  s8s,  i42X(  X4aa 
Sash,  holk>w-metal,  90a 

weights  for,  1571 
Sash-balancea»  157  a 
SaslKchaini,  X570 

bronae,  X57X 
Sash^onb,  sixes,  1569 

wire-center,  xs7x 
Sash-poUcys.  nses.  xs69 
Sash-ribbons,  1570 
Saab^weights.  X569-XS72 
Saw-tooth  roofs,  773-777 
Schists,  138 
Schlierenmethode,  photogrsphing  aar-di»- 

turbances,  X409 
Scholarships,  architectural  schools,  x688 
School-buildings,  cost,  zsJXi  ZS3S<  tS86 

doon.  X568 

flagpoles,  X564 

floor-joists.  7x7 
Bpans.  737*  74a 

floon^kMuis,  7i9>  730  - 

general  data,  X564,  X56s«  is8B 

non-fire-proof,  heightt  8xa 

sise  of  rooms,  717 

stairs,  X568 
Schoolrooms,  blackboards,  isfi^,  zs6s 

desks,  X56S 

dimenskws  of,  7X7*  1564*  1565 

floor-loads.  7x9*  7ao 

lighting.  X365 

seats,  xs6s 
Schools,  architectural.  x688 

les,  xao4,  loio-iox3t  xosSi 
tos6,  X08X-X087, 1x56 
xo8t-xo87 

wall- joint,  X156 
Screw-ends,  386*398 
Screw-jacks.  2x5,  ax6,  2ai 
Screws,  coach,  X449 

for  metal  1449 

nolding-power,  1450 

lag.  XX 57.  X449.  X4SO 

sixes.  1449 

threads,  standard.  1439 
Scripture  measures  and  wei^iti,  34 
Scuppers,  767 

Seat-batha,  dimcnsiona.  Z56s 
Seating  capacity,  XS74-X577 
Seatinrtpnce,  chttichiM  UM 
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theatxes.  I573 
Seats,  dimensSonB  of,  1558. 1573 
Secants,  table  of  natuial*  it6 
Sectk»-factor  (see  Scctioo-moduitts) 
Section-inodulus,  dementary  •ectiooa,  334- 
338 

definition,  333 

structural  shapes.  354-^359*  361-369 
Sector  of  drde.  center  of  suavity,  993 
Segment  of  ctrde.  center  of  gtavity,  293 
Selentte.  131 

Self-Sentering.  reinforcement,  859*  891 
Semidide.  center  of  gimvity*  993 
Sqiaralofft  for  steel  beams.  61S-614 
Sewage,  ejectment  of,  1336 
Sewer-pipes.  1321-1323.  «334-i336 
Sewen  as  affecting  foundatioosi  147 

bouse,  1393 
Sexagoo,37 
Shafti  elevator,  1380,  X587,  Z59s 

for  mille.  764*  768 

vent,  fire-pioof.  893.  894 
Shafting,  machinoy,  i64»«i64s 
Shale,  13s,  143 

bricks.  975 

specific  gravity,  141  s 

weight,  1499 
Shear,  beams  (see  Beams) 

bolts,  4".  429-439,  "38 

box  girders,  684,  685.  6901  691*  696-698 

faockelSi  cast-iron,  445*-447 

buildings,  wind-pressuxe»  1176-1x83 

csst  iron.  4x2 

concrete,  284 

definition,  xa8 

dbtribution  over  sertiom,  4x1 

double,  41  z 

failures,  iUustiationi,  4zz»  4Zi 

footings.  170,  X7X 

girders  (see  Beams) 

gilUag^'beams,  183 

horixontal,  wooden  beaoa,  4x9, 4x3, 437, 
438.  635.  647*  650 
plate  gifdenk  687 

pins,  493,  494 

plate  girders.  684-687.  690,  696.  70s 

reinfoioed-concrete,  9x8, 993*  94X-944 

ifvets  (see  Rivets) 

single.  41 X 

steel.  38a,  367.  569 

steel  beams  (see  Beams) 

vertical,  beams,  4x1,  563,  567 
diagrsms.  685,  686, 690, 698 
plate  girden,  684-686 
wind-bradng.  xi76~xx83 

web-plates,  in  plate  girden.  703 

wind-bradng.  xx7&-xt83 

woods.  4x2.  647,  648.  690,  6sz«  Z138 
Sbauing.  effect  oa  steel,  38ai  4'4*  688 
Shaftthjng^  asbwtee  MdigBiledi  te^ 


Sheathing,  mill-constraction,  759 

papers,  1478-1482 

roof,  weight.  X049 

wooden,  1049.  X477f  X478 
Sheathing-quilt,  1479-X489 
Sheet  lath.  891.  89a 
Sheet  metal,  40a,  X4a5«  15x4 
Sheet-piling.  aoo-ao9 
Sheet  steel,  asbestos-covered,  8x9 

corrugated)  X5X3-X5X8 

gauges.  40a,  1540 

roofing.  X5X3-XSX8 
Shelf-angle,  beam-framing,  788,  789,  790 
Shelf-hangers.  752,  788.  790 
Shingles,  asbestos,  8x9 

dimensions*  X496 

nails  required,  X49S,  X496 

sizes.  X495 

staining.  X484 

tin,  X046,  X049 

weight.  X049,  X495 

wooden,  X046,  1049,  X484, 1495 
Shoring,  excavations,  2x4-299 
Shot-drills,  foundation-bed  testing,  X45 
Shutters,  fire,  759'  778,  8ox,  906,  907 
Sideboaids.  dimensions.  1558 
Sidewalks,  flagstones,  1453 

vault-walls,  963.  264 
Siding,  beveled  wooden,  X477 

corrugated  metal.  X5X7 
Sic^wart  floor-system.  860 
Silica  minerab,  X30 
Silicates,  130 
Sills,  stone.  1453 
Silt.  139 
Silver,  ffspan^ion,  zaxo 

melting-point,  1203 
Simplex  concrete-pile  method,  197 
Sines,  natural,  95 
Sinks,  X326 
Skewback,  arch.  305.  307 

floor-aiches,  835 
Skylights,  glass  lor.  1494 

mills  and  warehouses,  765 

saw-tooth.  769,  77*^77 

weight.  X049 
Slabs,  reinforced  concrete  (see  Rcinforoed 

concrete) 
Slag,  in  cement,  937. 337 

roofing,  80Z.  XS09 
Slag  cements,  characteristics.  937 1  238 
Slag  concxete,  fire-resistanoe,  8x7 
Slatie,  beams,  coefficients  for,  6a8 
safe  fiber-stress,  557 

charscteristics,  139,  X496 

oofer.  Z496 

cost.  Z046.  X499 

crushing  strength,  989 

expansiout  xsxo 

flexural  strength,  safe,  557 

floQrfaf«X5i« 
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Slate,  gnding  of,  1497 

layins.  X497 
old  English  method,  1498 

mcasuremeot,  1498 

modulus  of  eUstidty,  a8a 

modulus  of  rupture.  s8s 

nails  required,  1499 

origin  of,  13a 

punching.  1497 

xoofs,  875.  X046,  X049. 1496-1500 

siaes.  1497 

specific  gravity,  a8a,  1433 

strength,  38a,  557 

thickness.  1497 

ultimate  tensional  strength,  383 

weight,  a8a,  1049.  1433,  X499 
Sleeve-nuta.  386.  387. 397 
Skndemesa-ratio.  columns.  448 
Sfep-sinks.  dimensions  of,  1561 
Slow-buming  construction  (see  Miltcoo- 

structioQ,  slow-buming) 
Smoke-prevention.  2376 
Snow-kiads  (see  Loads) 
Sofas,  dimensions,  1560 
Soffit,  axch,  30s 
Soil  133 

angle  of  repose,  356 

fbundation<beds.  137-Z48 

pier<onstruction,  980 

weight  of  loose,  356 
Soil-pipes,  1331.  I3a4.  X34X 
Solids,  expansion  of.  isxo 

mensuration  of,  6x 
Sound  (see  Acoustics) 

deadening  partitions.  896 
Soundproofing,  mineral  wool,  1534 

partitions,  896 
Span,  arch.  305 

beams,  definition,  555 

wooden  jobts,  737-744 
Spandreb,  arch.  305 
Spedficatioos,  cast-iron,  379 

colunm-connectioQs.  cast-iron,  457,  458 

electric  wiring,  1396 

elevator  installatkm,  X583f  1584 

fix«4hutten,  tinned,  906 

fuxnaoe*heating,  X358 

gravel  roofing,  X509-X5X3 

hot-water  heating,  X3S9 

hydrated  lime,  X465 

lime,  X463 

paint,  fire-proof,  8ss 

plate  girders,  680 

plumbing-fixtures,  X560 

IHirtland  cement,  337. 9xs 

rdnfordng,  steel,  9x9 

iDofing-tiles,  1500 

slag  roofing,  X509-X5X3 

■taadard,  AJ.A.,  x67x-x68i 

■teuB-beating,  ia6t-i»65 

steel,  in  rdDfoned  concrete.  919 


Specifications,  steel,  stnictnnl,  5813  • 

tile  roofing.  1500 

wiring,  eloctric  work.  1396 

wooden-pile  foundations,  193 

wrought  Iron.  377 
Specific  gravity,  Z4Z4-X4SS 
Spheres,  38,  60, 64 
Sphetoids.  60, 64 
Spikes,  cut  steel,  1446 

steel*<wire.  X447 
Spinning-miUs,  cost,  805 
Spring-line,  aich.  305 
Spring-heedles,  ssx 
Springers,  arch,  305 
Spiinklen,  automatic,  779, 8ox,  909 

mills,  759 

storehouse,  768 

warehouses,  777 
Spruce,  beams,  coefficients  lor,  638 

beams,  distributed  kwds.  safe,  639 

crushmg-loads,  with  the  gain,  449 

crushing  strength,   acrass   the  grain, 
454 

deflectwn  in  beams,  664 

fiber^treis.  safe,  flexure,  557. 647, 648 

modulus  of  elasticity,  647.  G64 

safe  loads  on  columns,  451 

shearing-stresses,  412,  647, 648 

specific  gravity,  1433 

stiffnen,  664 

tenskm.  376,  fi47t  648 

unit  stresses,  37fi.  4M>  647, 648, 6so 

weight,  650,  X433 
Square,  squares.  37. 39 

hoUow,  moment  of  inertia,  535 

moment  of  inertia,  334 

rsditts  of  gyration,  334 

sectMo-modulus,  334 

tables  of,  numbefs,  8-«5 
Square  roots,  3 

tables,  8-35 
Stability  of  structures,  definition,  zas 
Stainless  cements,  338 
Stairs,  dimensions,  X568 

Ferroindave  foundation,  905 

fire-proof,  705,  904. 95i.  983, 98s 

hand-rail.  xs68 

hoUow-tile  steps,  904 

miU-conatiuction,  759.  7fi4.  768,  7781 
779.  8x0 

ranforaeti-concrete,  905, 95X,  983,  983 

risers,  1568 
table,  Z566,  Z567 

school-houses,  X568 

towen  for,  768,  77».  779 

treads,  904.  X568 
table,  X566,  XS67 
Standpipes,  768, 8ox,  9x0 
Steam,  X305-XS07 

condensKtMa  for  beatinr«ai&oea.  1*41 
Staam-tetim  (aaa  Hnti^ 
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Stod.  tdhcdloii  to  caiicrete.  918,  923.  924, 
943.944 


.1538 

safe  loads,  388-393 

wdgfat,  i^aSr-i43S 
beams  (see  Beams) 
Beaaemer  pcoocas.  380 
hrandiog,  384 
caiixxi-coiiteiit.  381 
chemical  properties,  383 
chimneys.  1393 
coefficient  of  expansioa,  38a 
add-beiid  test,  383 
columns  to  Columns) 
oompnssive  strength.  448 
conosion  in  coocretet  9^ 
cost  1534-1539 
defined,  380 
clastic  behavior,  381 
clastic  limit.  9x7 
cioBff^tion,  381.  383.  9<7 
expansioa.  zaxo 
cye-baxB.  386, 39S 
fiber«tresses.  557*  1138 
finished  material,  384 
fiie-ieststance.  890 
flat  rolled  bats,  cost,  1518 

safe  loads.  389-393 

weights,  1431-X434 
Conn  of  test-spedmen,  383 
manufiscture.  380. 383 
meking-pofaftt,  1903 
meichant.  cost,  1597 
modulus  of  dastidty,  381.  917*  9x8 
open-hearth  process,  380 
painting.  1486, 1526 
plates.  384.  385.  X53S 
phosphorus  content,  381,  383 
properties,  chemical  and  physical.  383 
punching,  effea  00  pfaUes.  383.  4x4.  688 
reinfoidng  (see  Reinforcement) 
raol*txus8es  (see  Roof>tnisses) 
mpe,  404-406 
iDond  ban.  cost.  1528 

safe  loads,  388 

weights.  1428. 1439 
rupiute'Strc^  38X 
shearing.  383,  413.  XX38 
sheet,  asbestos-coveied.  8x9 

corrugated,  x 5x3-1 5x8 

gauges.  403.  X540 

roofing,  X5X3-X5X8 
specifications.  383 
specimens  for  tests,'  383.  384 
strength,  376.  38X-383.  40X.  413,  448. 

557. 917.  XX38 
stfcsa^tzatn  diagimm,  382 
stxuctuial  (see  Structural  steel) 

.  383. 383.  407. 917.  918. 
1x38 


Sted.  tests,  specimen.  382.  384 

weight.  382,  1422.  X424,  X429,  X435 
bars.  X428'X434 
estimaUng.  rule  for.  1435 
sheets,  X424,  1425 
structural  steel,  1527 
variation  in.  384' 

wire.  400-406 
weight,  X426 

working  stresses.  376,  382,  4x2.  557. 
9x7. 1138 

yield-point.  38X.  383.  917. 9x8 
Sted-pipe  columns.  4^474. 488 

safe  loads.  497.  498 
Steelcrete  Uith.  8S9 
Steps,  hollow-tik.  904 

stone,  X453 
Stevedore-rope,  407 

Stiffeners.  girder-webs,  681.  686,  69X,  696 
Stirrups,  rcinforced-coocrete  beams.  923- 
937.  94X,  973 

wooden  beams,  75©.  7Si.  754-757.  787. 
788,  790,  794 
Stone  (see,  also.  Stonework  and  each  kind 
of  stone) 

angle  of  friction.  253 

beams,  628 

building,  data.  382 

caps,X4S3 

coefficient  of  expansion,  X2Xo 
rd  friction,  253 

concrete.  9x4 

coping.  X453 

cost,  X453.  X453 

crushed,  cost,  249 

crushing  height  269 

crushing  strength,  279-282 

fiber-stress,  beams.  557 

fire-resistance.  8x4 

footings,  223.  224 

lintels.  X453 

masonxy.  265-270.  X452.  X453 

piers.  270 

quantities  in  concrete,  247-249 

sills,  X453 

steps.  1453 

stxength,  265-270,  279-282 

weights,  282 
Stonework    (see.   also.    Masonry.   Stone, 
Walls,  etc.) 

ashlar.  441. 1452 

bluestone,  cut,  1453 

coefficients  of  friction,  253 

cost,  data  for  estimating,  X45a 

crushing  strength.  265 

cutrwofk.  X452 

hammerKlrened.  X453 

loads,  safe.  266 

measurement,  X45S 

ittbUe,  441.  X45a 

sidewalks,  1453 
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Strught-line  fonnula^  cut^noii  coluavv, 
460 

sted  columns,  48a.  493-496 
Strain,  definition.  195 
StrenKtb,  beams,  law  oC  vaxjation,  56$ 

breaking.  556 

ooeflkaent  of.  556 

compressive.  448 

definition,  1^5 

alastac.  xa6 

dongation-relation.  sted*  381 

flesniral,  definitiona.  135.  556, 6ss 

oC  materials,  definition,  195 

shearing.  411,  635.  5^7 

tensile,  375 

ultimate,  definitions,  125*  37S«  iSi*  41  V« 
448 

working,  definition,  37s 
StnngtJa  of  materials  (see  name  of  m»r 
itnal  in  question) 

definition.  135 
Stress,  stxenes  (see»  also,  mnVeiStk  in 
question) 

bearing.  4<5 

bending,  365.  638 

combined.  138,  4801,  57«*  >KX4 

compressive,  137 

constants,  wooden  beams.  (b8 

definitbns.  135.  a54 

diagnms.  i^s-itt^ 

distribution  of.  354 

dastic  limit,  zsfi.  381 

fiber.  xa6.  325.  333.  555.  5Sfi'  62^,  635 

flexural,  3*5.  333.  555 

graphical  illustratiooa.  aS4>  1065-^138 

mtensity.  definiUooa,  135,  >S4«  37S 

modulus  of  niptoK.  xa6 

notation,  133 

resultant  of.  354. 1x83 

reversal  of.  XX04 

roof-trusses,  by  computation.  ios8-«i65 
by  graphical  methods,  zo65~iC37 

rupture,  381 

shearing,  138,  4x1 
horisontal.  635*  687 

shrinkage,  in  concrete.  941 

stress-strain  diagnum,  382 

temperature,  in  concrete,  94X 
trusses.  ixs8 

tensional.  X37.  375 

tonion.  138 

transverse.  365,  480,  sss»  638 

ultimate.  375 

imiform.  354 

unit,  definitions.  I3S.  zafi.  333. 37S,  KX73 

varying,  354 

wind,  trusses.  xxof-JixS,  xza3--iX28 
bracing,  xi  76-1 183 

working,  definitions,  iff,  37s 

3riekl-point,  381 
Stiess^train  diagram,  38a 


Stmctiwal  skapct  dm  Avrifli.  < 

I  beams,  etc.) 
Structural  steel  (see.  abo.  Sled) 

data,  xs34-'X539 

drafting,  coat.  1516 

erecting,  cost,  1535, 1536 

freight-rates,  X535 

manufacture,  380 

mill-butkling,  1536 

painting,  cost.  xs3€ 

roof-trusaes,  i$t6 

specifications.  383 

wdght,  estinatM.  zs«7 
Struts,  angle,  tables,  48S,  SQC-ses 

as  beams.  571.  57i 

bndng.  fbrxaulas.  495 

cast-iiQQ,  truMpd  girdBn.  66z 

channd.  loads,  table.  4^.  509 

compression-formulas.  496 

double-sted-angle.  iDads.  fflS 

eccentric  kwds.  453.  489 

I-beam,  strength,  iof .  4B9 

in  trusses,  steel.  480 

single^ted-angle,  loa4a,  jm 

tables  of  loads,  488. 49r-4M 

trusses,  998 

wooden,  trussed  girdan,  €6x 
strength  oL  448-45^ 
Studding,  Bezger's  tooumty*  886 

rib,  887 
Sugar,  specific  payitir.  1499 

weight  of.  733.  14S3 
Sulphur,  anchoring-boHa,  34ft 
Surface,  center  of  gzivity,  ags 

finish,  coooete,  348.  i4i>9 
Sway-rods,  wind-hndag*  >S76,  ziix 
Swedge-lwlts,  sted  col»iu»  6f  9 
Switches,  dectric  Ughtxag.  139**  t39$i  MOS 
Syenite,  oonpicsdoo.  a8s 

tonuoB,  a8f 
Sykcs  eipaaM  ciap-laiji.  ion,  api 
Symbols,  Apoatks  nnd  fiaiMs,  164? 

electric  wiring,  1398 

gas-piping,  X3S9 

mathrmafiral,  zta 

pipes  and  fittings,  1248 

plumbing,  X338 


T  bars,  dips  for  fastwiini.  877 

size  and  pnppertiea.  337,  j68.  gfig^  tH 

small,  cost.  X5a9 

strength,  as  beams,  f9z 
Tbeams.  reinforced  caBcicl«,diiiicBMV  for 
strength,  988-99Z 

formulas  for  wiiiiusBsd  '  ■■  ■  '     997, 
938 

reinforcement,  944 
Tables,  fumitun,  ^mmmiaa^  iggS*  Xfji 
Tacks,  wise,  1447 
TaiUMans,  flnon,  740 
Talc,  definition.  Z3Z 
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Talc,  specific  gnYity.  1449 

wdcbt.  i4aa 
Tancents,  natunl.  104 
Tanks,  capacity,  ijift-iafo 
oonstructkm,  13x2 
ezpanskm-tsidu.  iS4S.  i960 
fmt-pcoofiDg  pipes.  X314 
gravity-tanks,  water,  779 
heating-tanks,  1314 
bouse-taaks.  13S9 
incrustation,  1343 
materials,  13M 
standard  sizes,  13x5 
steel  13x6 
anooden,  131% 
Telephones,  automatic,  1617 
Teiiq)e(ature.  ook>r  oomtpooding  to,  xao3 
concrete,  244,  345 
fixe,  xaoa 

pyr  #nieter,  1x02.  xxoj 
loof-tniiMi  aieeted  hy,  xxag 
Tension,  building  naterisls,  37fi 
definitions  ol«  xa7,  37S 
memben.  stesU  38^387 

tables  of  safe  loads.  388-392»  399 
steel,  working  stress.  382 
woods.  376.  647*  648.  8SO«  65I'  1138 
Terxa-cotU.  beam-piotectiaa,  783'*7fiS*  782 
book-tile,  87a.  873 
cohtnuHirotectaoB,  78a,  8a9-8a7 
composition.  376,  815 
dense,  815.  88x 
facing  of  walls,  a69 
fire-rcsistanee,  a34<  8xs.  8x6,  878,  879 
floor-aicbes,  837-843 
boQow  walls.  333.  334 
ornamental,  fiie-resistance,  8xs 
inude  finish,  903. 904 

strength.  276.  378,  8x6 

weight,  378 
partitions,  879,  881,  894 
piers.  276-378 
porous,  815,  88x 
I»operties,  376 

lool^onstraction,  87a,  873,  875 
lemiporous.  8x5 
sound-resistance.  894»  893 
strength,  366.  276-278.  8x6 
tests.  276,  278.  8x6.  878 
truss-protection,  866 
weight.  378 
Terrszso  flooring,  X32X 
Tests  (see,  also,  roatsriab  b  question) 
brick  piecit  271, 178 
bricks,  370.  38x 
csst  iron,  380.  446.  830 
cement,  336.  337,  240*  9xt 
chains,  408-4x0 
column-coverings,  8f 3  ' 
columns,  cast-iron,  460,  8m 


Tests,  oJumBa,  steel*  Sea 
steel-pipe,  473 
wooden,  449 

concrete,  38(3-387,  817 

eye>hais.  386 

fire-proof  floors,  8a7,  843,  845*  846,  87X 

fire-proof  partitions.  8x8,  829,  89s 

fire-proof  wood,  8ai 

floor-loads.  7M.  7ti,  87X,  967 

foundation-beds.  X4X,  X44 

joist-hangers.  756. 794 

mortar.  283 

nails,  hokiing-power,  1445 

pipe-covering.  X244 

plumbing,  1326 

radiatoi^paints,  X147 

reinforced-concrete.  9x6 
adhesion,  923,  924 
corrosion,  961 
elastic  properties,  919 
fire-resbtance,  956-958 
hooped  columns.  946 
kMtds  on  floors.  967 

sash-cords,  1570 

sound-absorption,  X400-X4X4 

steel,  382-385.  919 

stone,  279-28X 

terra-cotU.  276,  278,  8x6,  878 

wooden  columns,  449 
besms,  built-up,  6s»-fi54 

wrought  iron,  377-379 
Theater-cuTtailiB,  asbestos,  8x9 
Theater,  oat.  1334 

dimensions  of,  1577 

floor-loads,  7x9,  720 

seating  capacity,  X574 

seating-space,  1573 
Thennometers,  XX97 
Threads  of  screws,  standaid,  1439 
Tie*beaBM.  wooden,  430-4Ja*  434*  438 

built-up,  43' 

steel,  stxeeses  in,  37s 
Tie-rods  for  I  beams.  6x9,  870 

roof-trusses,  xxao 

segmental  arches,  307 
Tile,  aseptic,  XS19 

cast-glass.  1520 

cement,  reinloiced,  89B 

ctnxtac,  t5i9,  xjax 

copper,  xsox 

cost,  XO46.  XS3X 

enameled,  X5X9,  X52X 

encaustic  X5x8,  xsax 

faience,  1521 

fireproofing  (see  Terra-cotta) 

flint,  x)X9 

flooring.  897.  xsxS-xsax 

Florentine  mosaic.  13x9 

glass.  X520 

glased,  X3X9,  1521 

faoUow  Uee  Terxa<otU) 
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Tile,  iBterlocking  nibbir.  1590 

fexeoge,  15x9 

Ludovici,  1049 

manteU  15x9,  xsax 

marble.  15x9 

jnarbleithk.  isao,  isn 

oriental.  X049 

Novus  sanitary  glaaa,  1510 

itinforoed<eincnt,  873f  874 

Roman.  1049 
mosaic.  15x9.  xsax 
floor-oonstructioD,  953 

roofing.  1500.  X50X 
cost,  xsox 
laying,  1500 
specifications.  1500 

rubber,  isao 

lemivitreous,  xsxB 

setting.  15x9 

sheet-metal,  isox 

slate,  xsao 

Spanish,  1049 

steel.  150X 

tin.  X501 

vitreous.  15x8.  X519.  xsai 

wall.  X5x8.  X5X9.  iS2i 

weight,  X049 
TUecrete.  strength.  8x7 
Tiller-rope,  404 

Timber  (see.  also.  Lumber  and  diiferc&t 
woods) 

boatd-measuxe,  X474'-X476 

lootings,  tempoiary  buildings.  x86. 187 

framing,  sixes.  1473 

hardness,  relative.  1473 

measurement.  X473~X477 

painting.  763 

piles.  X88-196 

shrinkage,  table.  1343 

sixes  in  slow-burning  constructioo,  76a 

specific  gravity.  X4xs-i4aa 

stresses  (see  woods  in  question) 

ventilation.  763 

weight.  X4X5-i4aa.  X47a 

worlung  unit  stresses.  647t  648.  650 
Tin.  brands,  xsoa 

castings,  X435 

cost  of  roofing.  1046, 1503. 1507, 1508 

covering-capacity.  1 505-1 508 

durability.  1503 

expansion,  laio 

fire-doors.  899,  906,  9x7 

fiat-seam,  1504, 1505 

gutter-strips,  1508 

gutters,  1504 

laying,  different  methods,  X5a4-X507 

lined  pipe,  1339 

maintenance.  X503 

rndting-point.  1203 

number  of  sheets  to  a  square,  X503, 
XS05-1507 


Tin.  painting.  X484»  1503, 1504 

rolls.  XS08 

xoof-sk>pe.  XS04 

roofing.  Sox.  xsoa-x5o9 

sheets,  x5oa 

standing-seam.  1504, 1506.  1507 

tene^lates,  xsoa 

thicknesB  of  sheets,  xsoa 

valleys.  1504 

w«ght.  733.  1049.  i4>2,  Z43S.   xsoa, 
1505 
Tinned  fire-doors.  899.  906, 917 
Toiiioii,  definition,  xa8 
Towers,  belt.  764.  765.  768 

elevator.  764,.  765.  768 

fire-escape.  779 

stairway,  764.  76s 

warehouses.  779 

waller,  wind-bcadng,  XX84 
Tower-docks,  16x5 
Tracings,  Uack-line  copies.  1639 

brown-line  copies.  1640 
lYain-sheds.  tnnses  for,  1039 
Transformen,  current,  1377 
Trapesium,  37 
Trapeioid.  37.  40 

moment  of  inertia,  336 

radius  of  gyration,  336 

section-modulus.  336 
Tkap-rock,  compressive  strength,  a8a,  S87 

ooocKte.  817 

specific  gravity.  a8a.  14x5 

weight.  a82.  X4XS 
Traps.,  plumbing.  1337.  xsaS 

drum.  I3a7. 1328 

grease,  1328 

sewer.  X3a3,  X3a4 

ventilation,  xsafi 
Tkautwine's  formula,  depth  of  keyitooe, 

309 
Treads,  marble.  904 

rules  for,  1568 

slate.  904 

table.  X566 
Tremies.  344 

Trenches,  preparing  lor  foociagi,  aa6 
Trian|(les.  39.  7x  . 

center  of  gravity,  a9a 

definitions,  36 

moment  of  inertia,  336 

oblique-angfcd.  9a 

of  forces.  a89 

radius  of  gyration.  336 

section-modulus.  336 

trigonometrical  functions,  91-^ 
Trigonometry.  90 
Trim,  cement.  903 

electroplated.  903 

hoUow-tile.  903. 904 

metal-ooveted.  898-^903 
TrxmnBHs,  fldqr.  798.  748 
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Ttunmeft,  safe  loads,  747 
Trolley-wire.  406 
Ttoy  waght.  ag 
Ttuss-meUl  Uth,  891 
Trusses  (see  Roof-tnisses) 
Tubing,  Benedict  nickel.  1339 

boiler.  Up-welded.  1373-1376 

seamless-drawn.  1339 
Tungsten-lamps.  1358. 1361 

melting-point.  1303 
TurnbucUes.  386.  387,  39^ 
Tuscan  Order,  16 19 

Underpinning.  314.  aiS-aas 

Unit  loads,  foundation-beds.  143 

Unit  streis.  definitions.  135. 136,  333,  375i 

1173 
Unit  system,  tcinforDement,  936 
Univenity  of  Illinois,  tests  on  brick  piers, 
a7S 
tests  on  tena-cotta  piers.  377 
UrinaKstaUs,  dimenswns  of.  1561 
U.  S.  Naval  Observatory,  foundations.  351 

Vacuum-cleaners,  types.  1638 
Valves,  equalising,  caissons,  ai3 

pipe.  X336 
Varnish.  1483 
Vaughan  fliior-system,  861 
Vault-walls.  353-364 

sidewalk,  363.  364 
Vent-pipes,  plumbing,  1331 

sixes.  1324 
Vent-shafts,  fire-proof.  893.  894 
VentiUtion.  air-ducU.  1380 

air  required,  amounts.  1378 

buildings.  1377-1285 

cnpadty  of  fans.  1384 

estimating  quantity  of  air,  1378, 1379 

czhaust-syrtem.  1381 
power  required,  1385 

fan-system,  1334.  ia8x 

ians.  capacity.  1383. 1384 

fumace-bcating,  1353, 1355,  xa57.  1277, 

X383 

hot-blast  system,  1381, 1383 

natural  systems,  1380 

non-systematic,  1377 

plenum-system,  1381 

aaw-tooth  roofs,  776 

siae  of  fines,  1378 

systematic.  1377 

timbers,  763 

workshops.  769 
Vibration  of  machinery,  763 
Volt,  defined.  1371 
Voltage,  candle-power,  1376 
Volumes,  geometrical,  38 
Vonssoirs,  arch,  305, 31  x.  313 

center  of  gravity,  3x8 


Waite's  concrete  beam,  860 
Walks,  cement,  339 

Wall    (see,    also,    Brickwork,    Masonry, 
Stonework,  etc.) 
ashlar,  thickness.  333 
basement.  X39.  338.  339 
bearing-plates  on.  44s 
breast.  353-364 
brick.  339 
backing.  369 
over  openings.  318 
safe  loads,  365 
buckling,  339 

buildings,  mercantile.  330-333 
cantilevering,  169 
celUr,  X39.  338,  339 
chimney.  1388 
concrete.  339,  949-^51,  965.  966 

cost.  350 
concrete  blocks.  333 
crushing  height.  369,  370 
curtain,  334 
dwellings.  330,  333 
face,  369 

faced  with  ashlar,  333,  369 
with  cement  bVocks,  369 
fire,  765 
'  fire-rBsistanoe.  339.  334 
footings  (see  Footings) 
foundation,  139,  200 
grouted.  369 
hoUow-tile.  333 
kiads  over  openings.  3x8 
mills  and  factories.  760 

;,  3X8-333 

in.  3x8,  778 
paripet.768 
pwty.  334 
reinforced-concrete,  36X-363,  949,  951, 

965,  966.  968,  971.  975-978 
retaining.  352-364 
roof,  768 

safe  loads.  365-367 
self-sustaining.  334 
shoring,  3x4-333 
skeleton  construction,  334 
stability.  339,  301 
stone.  339.  333 

safe  loads.  366.  367 
stone-fsoed,  333,  369 
strength.  339,  330,  365-367,  369,  370 
superstructure,  339-334 
terra-ootta-Caoed.  369 
thiduess.  339-333.  a34«  260,  361,  369, 

760 
tile,  hoUow.  333 
tiling,  X518 

underpiiming.  3x4.  axft-aas 
vault,  353-364 

warehouses,  330-333,  768,  778 
Watt-boards,  asbestos,  8x9 
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Wall-boards.  meUl-rib.  993 

Sackett's.  893 
W«ll<boxes.  783r  785*  786.  793'  793 
Wall-hangen  (see  Haagen) 
Wall-opeaings.  318.  778 
Wall-iWen  (see  PUstei) 
Wall-plates,  beams  and  giiden.  783,  705f 
787.  788.  793 

loof-txusses.    X003.    xtso-iisa,    X156, 
XX58.  X161.  XX65. 1x68 
Walnut,  specific  gravity.  1433 

unit  stresses.  651 

weight.  6s X,  1433 
Wardrobes,  dimnsiofis,  1558 
Warehouses,  basemoit  walls,  339 

beams.  76a.  763.  779-8oo 

boilen.  780 

cast-ioDO  cdumns.  780,  781 

cement  floors.  897 

ooQstructkm.  general.  758-6x0 

cost,  777*  8or-8io 

fire-escapes.  768,  778 

fiieproofing.  780-783 

fire-protectkm.  801 

floor-areas.  76s*  777t  778 

floor-loads.  7*x 

floors.  766,  777 
siae  and  weight  of  X  beams,  870 

girders.  763.  763.  779-^8oo 

gravity-tanks.  779 

heating.  776 

hdght.  777 

live  bads.  721 

miil-constructioQ  for,  777^8oo 

openings  in  waUs,  778 

roofs.  768.  77a,  800 

foofing-matoials.  800.  8ox 

scuppen.  767 

sprinklers.  768,  777.  779 

sUirs.  768.  779 

story-heights.  765 

structural  details.  780.  783 

towers.  768,  779 

ventilation.  776 

walls.  330^233,  768,  779 

wooden  columns.  780 

water-supplies.  802 
Warren  truss,  types,  X030,  X03X 

stresses,  1089-X091 
Wash-basins,  dimensions,  1561 
Washers.  437,  XX57-1X60 
Washington,     D.C..    formula    for    steel 

columns.  481 
Washington  Monument,  foundatioQs,  9sx 
Wash-pipes,  foundation-bed  testtw.  144 
Wash-stands,  dimensions  of.  1558 
Wash-tubs.  1326 

Waste-pipes.  X33X-13361  I33P»  I3JI.  I54X 
Waste-stacks,  ex-pansion.  1^41 
Water.  chcatJcal  a>in|ioaiti<in,  134^ 

density,  xaos 


Water,  dischaig*   tfaimigh   pipM,    199^ 
X302 
flow  through  pipes.  x396-'X39«i 
friction  in  pipes,  X399 
hard.  X343 

head.  X39s-x397»  1303 
heating,  fior  radjaton,  X345-xaso 

house-supply.  1344 
inoustation  of  tanks,  X343 
pipe,  tests.  1303 

pressure.  X30$,  1393.  x^,  1303 
properties.  1304. 1295 
saturatioQ-pressure,  laos 
softening.  1343 

specific  gravfty.  1395, 14x4.  i4«s 
specific  heat,  ises 
supply,  1304-X313.  i3f9 
temperatures,  boiling.  1306 
weight,  1395.  14x4. 1422 
at  satuxatioa-prsnttra.  1305 
freeaing  to  boiling-point,  laos 
Water-backs,  capacity.  X344 
Water-ckisets,  1333 
dimensioDS  of.  xs6i 
floor^xmnections.  X343 
Water-curtains.  906,  908 
Water-filteit,  1335 
Water-gas,  X345 
Water-heaters,  1335.  X339 
Water-meters.  X339 
Water-pipes  (see  Pipes) 
Water-pressure,  1295.  %9^  130$ 
Water-seal.  1337 
Water-supply.  I304-'X3X3 
Water-tables,  stone.  1453 
Water-tanks  (see  Tanks) 
Water-towers,  wind-brsdiig.  xi84 
Waterproofing.  163$ 
cement,  X637 
concrete.  246. 163X.  x^37 

foundations.  x6l9 
eztenud  linings.  1633 
foundations.  1639, 1635 
water-proof  csment.  X634 
Watson  floor-system.  86x 
Watt,  defined.  1373 

Web  (see.  alio,  Boi  and  Plate  «irdn«  and 
Steel  beams) 
box  girders,  buckling  val^e,  705 
shearing  value.  703 
stiffeners.  69X.  $96 
plate  girders.  68x.  684.  686,  691.  694. 
703-70S,  706-7x6 
buckling  value.  70S 
shearing  value.  703 
stifieners.  681.  686 
steel    beams,    web-buck]ii^    i4l-tflSt 
S6S.  s6r-$69.  $74«  571 
web-thickness,  599 
Webster  system,  heatu^  xa^ 
Wedges,  ^ring.  21$ 
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Weifbt   (tee  mA   mbtUnoe  and   abo 
Loads) 
avoirdupois,  28 
measures  of,  38.  29.  39-14 

mwhandise,  72Z-7tA 

metric  system.  3  a 

auh.  1569-1573 

sub^nces,  per  cubic  foot.  I4t5-i4sa 
Weights  and  measuns.  96-35 
Wdd.  iron.  377 

sted,  377 
Welded-metal  fabric.  850 
Wellington's  formula  for  pile  foundatioiis. 

193 
Wells,  dredged,  foundatioos,  a  10 

driven,  water-supply,  1305 
Webbach  lamps,  1358-1365 
Wemlingcr  sheetppiUng,  909 
Wheat,  weight,  723 
White-coating,  plastering.  1469 
White  pine,  beams.  ooeflkieBts  for.  698 

beams,  safe  loads,  636 

crushing-Ioads.  with  the  grain,  449.  650 

crushing  strength,  across  the  grain,  454, 
650 

deflection,  in  beams,  684 

fiber-stress,  flexure,  safe,  557,  647,  648, 
XX38 

modulus  of  elasticity,  647,  €64 
of  rupture,  650 

safe  loads  on  columns.  450,  452 

aheariog-ftresics,  41 9.  647.  648.  Z138 

specific  gravity.  142  x 

9tifties8.664 

tension,  376,  647.  648,  650,  1138 

unit  stresses,  376.  4^9.  647.  648,  650, 
XX38 

weight,  650, 1421 
Wbitewood,  columns,  sale  loads,  450, 45  a 

crushing-loads,  with  the  grain,  449 

poplar,  specific  gravity,  X43X 
weight,  1421 
Wind,  force  of,  X637. 1638 

pressure,  1X7X-1173 

resistance,  JX75 

stresses,  bracing.  1176-XX83 
trusses.  XZ09-1118,  xx23-xia8 
Wind-bnu:ing,  x  171-1x93 

building-laws.  xx7x 

column-connectioqs,  X175,  JX83,  1x89* 
1190 

colunms.  types,  1x83 

conditions  determiniog,  xxfs 

details,  1x89,  xx9o 

examples,  XX87,  XX93 

general  theory,  XX73 

gusset-plate  type,  XX76,  1x79 

knee-braoe  type,  tsf6,  1x80 

latticed-girder,  1x76.  xx8x 

moment-increments,  XX76,  1x78 

portal  type.  1x76,  ii8a 


Wind-braciBg,  nsiitaae»4actoim,  indeter- 
minate, 1 1 78 

stresses,  computation  of.  iz7fr*ix8j 

sway-rods,  X176,  ix8x 

types,  X174-XZ76,  IZ87-XX93 

water-towers.  1x84 
Wind-loads  (see  Loads) 
Wnd-shields,  scuppers,  767 
Wind-strasaes  (see  Stresses) 
Windmills,  capacity,  X308, 1309 
Window-frames,  broue,  900 

fire-resisting.  907 

Kalamein  iron,  900 

metal,  902 

metal-covered,  900 

milWconstructioii,  764 
Window.«ash«s.  fira-rssisti^.  909 


metal-covered,  900 

weights,  ls69-'XS7x 
Window-silU,  stoot,  1453 
Wiixiows,  fire-protflotioo,  906 

glajing,  1487-1494 

loads  over,  318 

metal-fnma>and-wir»-glass,  906 

mill-constnactiaii,   759,   763,  789*  77>i 
775.  778 

sheet-metal,  907 

wateKurtains.  906 

wire-glass  in  wanhouscs.  778 
Winslow  formula,  wooden  *'*?^hpiisl  450 
Wire,  calculations,  X383-X393 

carrying  capacity.  1384 
Uble,  X387 

copper,  40X,  X383. 1384.  »388 

electric  wiring,  X38»-X399 

fabric,  reinforcement,  852 

feed.  X39a 

fire^eiecting,  908 

galvaniasd,  406,  X4S7 

gauges.  400,  40a,  4Q3t  1383. 1387. 1493* 

X426 
gun-flcrew,  X427 
incaiulescent  Ugkting,  138s 
lath,  89a.  893 
length  per  pound.  403 
nukchineiy,  X497 
manufacture,  40*,  1497. 
market,  1427 
nails,  X443 
piano,  401 
rope,  404-406 

sizes  and  weights,  403, 1388.  X391, 1496 
steel  400,  40X,  403.  404.  406, 1496,  X497 
strength,  400,  40i.  403 
telegraph,  40X 
telephone,  40X 
trolley,  406 

weight,  403,  X388,  X39Z,  X4a6 
Wire-glass,  759,  89  x 
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Wirii«.  electric  figbtaog .  1380-1399 
cabinet,  1391 
oooduits,  1393 
ocwt,  1396 

national  electrical  code.  X394 
H>ectficationi,  1396 
qnmboli.  1398.  X399 
tablet.  Z389 
Wood  (see.  also,  Lumber,  Timber  and 
wood  m  qnertion) 
expanaion-coeflkient,  xazo 
fiie-pcoof.  8jo.  899 
frictkNKoeffident,  as3 
metal-covered,  899 
painting,  X483'i486 
tablet,  beams,  coeffidents  for.  6a8 
beams,  convenion-facton  for  atsai, 

637.668 
beanii,  keyed,  654 
beams,  nominal  siaes,  1473 
beams,  sale  loads,  638-647 
beams,  stiffness,  664 
boards,  board-measure,  X474-X476 
columns,  safe  loads,  451,  453 
oomprcMioo.  across  the  giain,  454, 

647.  650,  651,  ZZ38 
compression,  with  the  grain.  449*  647, 

6SO,  651, 1138 
flerase*  557,  647.  650, 6st,  1x38 
floor-joists,  wdghts,  718 
hardnr^s.  rehitive,  X473 
modulus  of  elasticity*  647, 664 
shear,  4x2.  647, 650,  6sx,  1x38 
specific  gravity,  X4x 5-1433 
tension,  376. 647,  650.  651, 1x38 
weights,  6so.  651,  7x8,  141 5-1433, 

147a 
working  stresses.  647,  648, 1x38 
weight.  650, 65X,  X4Z5-1432 
Wooden  beams  (see  Beams) 
Wooden  colnmns  (see  Columns) 
Wooden  floors  (see  Floors) 
Wooden  girders  (see  (xirders) 
Wooden  piles  (see  Piles) 
Wooden  tanks  (see  Tanks) 
Wooden  trusses  (see  Roof-tniases) 
Wool  weight,  741 
Wotking-heads,  deep  wells,  X305 
Working  stresses  (see  Stress  and  materials 

in  question) 
Workshops,  slow-burning*  769-^7x 
Wrought  iron,  appearance.  377 
beams,  coefficients  for,  638 
deflection,  664 
stiilness.664 
bearing  strength*  bolts.  1x38 
bolts,  43Z,  XX38 
chaina,408 


Wrought  inm,  rondprtssiou.  bolts.  XX3I 
crushing-loads.  449  , 
defined,  377 
elastic  limit,  4x0 
doogation.  378,  4x0 
expansion,  x3xo 
fiidsh.379 
fire-resistaBoe,  Sao 
flexure,  43 1.  557.  1x38^ 
grades,  378 
manufacture  of,  377 
modulus  of  elasticity,  664 
phjtiGal  properties.  377,  378  ' 

pipe,  X333,  X343.  1346-X3S0  I 

reinforoements.  9x3 
rivets,  4x8 
rope,  404.  40s 

shearing-stresses,  4xa.  431.  X13S 
specific  gravity,  X4X9 
specifications,  377-378 
atimips.  7SO.  757 
tension,  376-378,  4to,  431,  xxjS 
tests.  377-379 
use,  377 

weight*  estimating,  X43S 
per  cubic  foot,  14x9,  X435 
sheets,  1434 
weMing.  377 
yield-point.  378,  379 

Xpantrus  bar.  935,  944 

Ydkm  pine,  beams,  coefficients  for,  6a8 
beams,  safe  loads,  643,  643 
crushing-loads,  with  the  grain.  449.  650 
crushing  strength,  across  the  grain.  454. 

650 
deflection,  in  beams,  664 
fiber-stress,  flexure,  safe,  557.  647*  648 
modulus  of  elasticity,  647, 664 
modulus  of  rupture,  650 
safe  loads  on  columns,  450,  451 
shearing-stresses,  4x3,  647,  648. 630 
specific  gmvity,  X43X 
stiff  nets*  664 

tension,  376,  647. 648.  650 
unit  stresses,  376.  41  >.  647*  64B,  650 
weight*  650,  X43X 

Yidd-point.  sted,  381 
wrought  iron.  379 

Young's  modulus,  X36 

Z  ban*  pttflins.  xx69 
Zinc  castinfi.  Z435 

npensinn,  xsxo 

melting-point.  zaoi3 

specific  gravity.  1433 

weight,  X4aa 
Zone  of  aphoe*  volome,  64 
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